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“An ounce of prevention is worth a pound of cure.”
             Benjamin Franklin

Cancer is the most dreadful of all diseases and is likely to be a global pan-
demic by 2050. Fifty percent of cancers are preventable because of the causal 
association with modifiable risk factors and early detection of precursor 
lesions. We need to realize that curing cancer starts with preventing cancer in 
the first place. Preventive oncology is not given its due and is restricted to a 
chapter in books on oncology. This book is our earnest endeavour to highlight 
the preventive aspect of cancers in women and discuss the various measures 
that can be followed to decrease invasive genital cancers.

The book has been divided into six parts for the reader’s convenience. Part 
I discusses the epidemiology and screening for endometrial cancer. There is 
a chapter dedicated to prevention and management of endometrial hyperpla-
sias before they turn malignant. The role of chemoprevention in endometrial 
cancer is discussed and supported with the latest evidence and research.

Cervical cancer is the fourth most common cancer in women, affecting 
them in their prime. Part II is dedicated to chapters that discuss the diagnosis 
and treatment of cervical intraepithelial lesions, including a chapter dedicated 
to HPV infection and its role in cervical carcinogenesis.

Ovarian cancer is the eighth leading cause of cancer deaths in the world, 
and its prevention is critical in reducing the mortality and morbidity for 
patients with ovarian cancer. Part III focusses on the prevention of ovarian 
cancer through risk-reducing salpingo-oophorectomy. Serum tumour mark-
ers, which have a pivotal role in screening and risk stratification of ovarian 
cancers, also have been discussed in detail.

Part IV is dedicated to preventive oncology of the vulva and vagina, where 
the incidence of high-grade preinvasive disease is increasing in the younger 
women. The precancerous lesions are often overlooked and are treated as 
nonspecific dermatologic conditions, with the patients seeking multiple opin-
ions from different specialists for symptom relief. Keeping this in mind, the 
chapters in this part deal with detection and management of intraepithelial 
lesions of the vulva and vagina.

Part V deals with the preventive aspect of breast cancer, which is the most 
frequently diagnosed cancer and the leading cause of cancer death among 
females worldwide. Chapters in this part elaborate on different imaging 
modalities used for screening and diagnosis of breast cancer, role of clinical 
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examination and biomarkers and the various risk factors that act individually 
or in combination to contribute to pathogenesis of breast cancer.

Part VI focusses on infection as a cause of gynaecological cancers. The 
role of gut and vaginal microbiota in gynaecological malignancies is dis-
cussed and supported by the latest evidence and research. Identifying a causal 
infectious agent helps not only in understanding the biology of the cancers 
but also in the development of vaccines for its prevention, which is aptly 
detailed with respect to cervical cancer in another chapter in the part.

All the authors who have contributed to the book are experts in their 
respective fields and have written chapters that are comprehensive, educative 
and supported by the latest evidence. The book will be useful to those pursu-
ing the field of gynaecology oncology, general gynaecology practitioners, 
undergraduates and postgraduates in obstetrics and gynaecology, as well as 
our colleagues in general surgery.

We hope the book is well read and appreciated and finds a place on the 
shelves of all those who care and work for the preventive aspect of women’s 
health. It is time we realize that treatment without prevention is simply 
unsustainable.

New Delhi, India Sumita Mehta 
New Delhi, India  Anshuja Singla 
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Endometrial Carcinoma: 
Epidemiology and Risk Factors

Ritu Khatuja and Swati Rai

1.1  Epidemiology

Endometrial carcinoma is a malignant tumor, 
arising from the inner lining of the uterine cor-
pus, i.e., the endometrium which can invade the 
layers of the uterus and also spread to distant 
sites.

Uterine cancer is one of the most common 
gynecologic malignancies in developed coun-
tries, with the incidence of 14.7 per 100,000 
women and the mortality rate of 2.3 per 100,000. 
After cancer of the breast, lung, and colon, it is 
the fourth most common cancer diagnosed 
among American women. Recently, due to varied 
factors, its incidence has also increased in devel-
oping countries. After cervical cancer, it is the 
second most common gynecologic malignancy, 
with an incidence of 5.5 per 100,000 and a mor-
tality rate of 1.15 per 100,000 [1].

The estimated incidence of endometrial can-
cer worldwide is 320,000, and it is responsible 
for 7600 deaths annually. Because of the early 

detection and reasonable prognosis associated 
with the disease, newer cases are more (320,000 
or 4.8% of cancers in women and 2.3% of the 
total) as compared to mortality (76,000 deaths 
or 2.1% of cancer deaths in women). The inci-
dence rate is highest in Northern America and 
Northwestern Europe, whereas it is low in 
South and Central Asia and most of Africa. 
Mortality rates ranged 0.9 to 3.8 per 100,000 in 
various countries [2]. In spite of low prevalence 
in developing countries, the mortality rate is 
still high as compared to developed countries 
due to low quality of medical services [3]. Data 
from different agencies has predicted that it 
will continue to rise in the next 15 years world-
wide [4, 5].

The commonest types of endometrial cancers 
are estrogen-dependent neoplasm that accounts 
for 80–85% of cases and the non-estrogen- 
dependent tumors comprising of the remaining 
10–15%. The estrogen-dependent tumors are fre-
quently associated with obesity, diabetes, hyper-
tension, nulliparity, early menarche, or late 
menopause. It is rightly stated that endometrial 
cancer is a disease of affluent class with high 
incidence among developed countries. The prev-
alence of endometrial cancer in developing coun-
tries is low, probably due to less incidence of 
obesity in these countries. Environmental factors 
play an important role in the pathogenesis of 
endometrial cancer. The prevalence and the pro-
gression of the disease are not effectively related 
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with the early detection and treatment. Thus, due 
to change in lifestyle and dietary habits in both 
developed and developing nations, the rates are 
likely to increase [6, 7].

On the other hand, women with large order of 
births, old age at first child birth, and a short 
delivery-free period have decreased risk of endo-
metrial cancer, emphasizing the protective role of 
progesterone in this disease.

The median age of diagnosis of uterine can-
cer is 62 years. After menopause, it is the com-
monest malignancy, but it is not common in 
women with age less than 45  years. Its preva-
lence is very high between the age group of 55 
and 64 years, i.e., 34.5%, and least between the 
age group of 20 and 34  years (1.7%) [8]. Its 
incidence is stable in white women but is 
increased in black, Asian, Pacific, and Hispanics 
[9]. It is not due to racial differences per se but 
due to the risk factors associated with the 
disease.

Endometrial cancer is classified in two differ-
ent categories on the basis of histology, and they 
have completely different incidence, response to 
estrogen therapy, and prognosis [10, 11].

Type I—Type I tumor accounts for 80% of 
the total endometrial cancer. Most of the 
tumors are of endometrioid histology (grade 1 
or 2). As these tumors are estrogen-responsive 
and associated with an intraepithelial neoplasm 
(atypical and/or complex endometrial hyper-
plasia), thus they have a better outcome. The 
disease is more prevalent in women of pre-
menopausal to early menopausal state, who are 
accompanied with obesity and high estrogen 
levels. There is superficial muscle layer inva-
sion in 69.4% of cases, with high progesterone 
sensitivity found in almost 80.2% of cases. The 
5-year survival rate is 85.6% with good prog-
nosis (Table 1.1) [10, 11].

Type II—Around 10–20% of endometrial 
carcinomas come under type II category. They 
are prevalent in late postmenopausal women. 
There is no correlation with endocrine disorder 
or atypical endometrial hyperplasia. It com-
prises of endometrioid tumors of grade 3 type 
and tumors of non-endometrioid histology 
such as serous, squamous, mucinous clear cell, 

mesonephric, transitional cell, and undifferen-
tiated. Its association with estrogen is still 
debatable. It has low sensitivity to progester-
one found in 42.5% of this type. They are usu-
ally high-grade carcinomas with a poor 
outcome. Deep muscle layer invasion is seen 
almost in 65.7% of type II cases. It has a poor 
prognosis with 5-year survival rate of 58.8% 
(Table 1.1) [10].

1.2 Risk Factors

Type I of endometrial carcinoma is mainly 
responsive to estrogen. The long-term exposure 
to excess endogenous or exogenous estrogen 
without adequate progesterone support is the 
most important risk factor for this malignancy. 
Some factors like nulliparity, diabetes mellitus, 
and hypertension, which invariably lead to exces-
sive estrogen exposure, are almost always associ-
ated with the disease. There are some protective 
factors which prevent the disease by decreasing 
the estrogenic effect. Various factors associated 
with endometrial cancer are described in 
Table 1.2.

Table 1.1 Types and characteristics of endometrial 
cancer

Characteristics Type I Type II
Role of estrogen Present Absent
Age group Premenopausal to 

early menopausal 
period

Late 
postmenopausal 
period

Body mass 
index (BMI)

High Low

Parity Mostly 
nulliparous

Mostly 
multiparous

Atypical 
endometrial 
hyperplasia

May be present Absent

Histology
Racial 
distribution

Well 
differentiated
Mostly white 
women

Poorly 
differentiated
Mostly black 
women

Muscular 
invasion

Superficial Deep

Progesterone 
treatment

Mostly responsive No response

Prognosis Good Poor

R. Khatuja and S. Rai
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Protective Factors

• Hormonal contraceptives for at least 1 year
• Grand multiparity
• Breast feeding
• Smoking
• Exercise
• Coffee/tea

1.3  Endogenous Risk Factors

The most important risk factor repeatedly said is 
excessive estrogen exposure which may be endog-
enous or exogenous. Chronic anovulation and 
excessive endogenous conversion of adrenal pre-
cursors to estrone and estradiol by adipose cells in 
obese women are among the common causes of 
endogenous estrogen production [12]. Zeleniuch 
studied the risk of developing endometrial carci-
noma in a postmenopausal female and its correla-
tion with higher circulating estrogen and androgen 
levels without progesterone protection [13].

1.3.1  Age

Endometrial carcinoma occurs most commonly 
in postmenopausal women. Its prevalence gradu-

ally increases from premenopausal stage, and 
maximum risk is seen in postmenopausal women; 
the risk decreases after 70 years of age [14]. This 
type of pattern is mostly in endometrial cancer 
type I. Obesity and chronic anovulation are asso-
ciated risk factors in the women who develop 
endometrial cancer at less than 50 years of age.

1.3.2  Obesity

Obesity is a long-recognized risk factor for endo-
metrial carcinoma which has been validated in 
many studies. A recent meta-analysis docu-
mented a strong association of onset of endome-
trial cancer with an increase of BMI by 5 kg/m2 
[15]. Even in younger age (less than 45 years), 
high BMI is correlated with the development of 
endometrial carcinoma [16]. The effect of obe-
sity on different races is similar. In obese women, 
androstenedione produced in the ovary and adre-
nal gland gets converted into estrone, and the tes-
tosterone produced by the ovaries gets converted 
into estradiol in adipose tissues leading to hyper-
estrogenic state. Also in obesity the level of cir-
culating serum sex hormone-binding globulin is 
low, and so there is increase in activated estrogen 
that leads to the endometrial hyperplasia and can-
cer. Study by Calle et al. showed positive correla-
tion between obesity and mortality with 
endometrial carcinoma [17].

1.3.3  Chronic Anovulation

In anovulatory women, sex steroid hormones are 
produced, but not cyclically, so it leads to irregu-
lar uterine bleeding. Also, chronic estrogen pro-
duction not opposed by progesterone causes 
proliferation of the endometrium. This can cause 
endometrial hyperplasia and eventually carci-
noma. Anovulation mostly occurs during men-
arche and menopausal transition. Polycystic 
ovary syndrome is the most common endocrine 
disorder associated with chronic anovulation fol-
lowed by thyroid dysfunction and elevated serum 
prolactin levels.

Table 1.2 Various factors associated with endometrial 
cancer

Endogenous risk 
factors

Exogenous 
risk factors

Associated 
factors

Increasing age Diet Infertility
Obesity Unopposed 

estrogen 
therapy

Nulliparity

Chronic anovulation HRT Diabetes
Polycystic ovarian 
syndrome

Tamoxifen Hypertension

Early menarche, late 
menopause

Breast cancer

Estrogen-secreting 
tumor

Tubal ligation

Family history Socioeconomic 
status

Genetic factors: 
Lynch syndromes 
(HNPCC), BRCA
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1.3.4  PCOS (Stein-Leventhal 
Syndrome)

PCOS is a disorder comprising of chronic anovu-
lation and menstrual irregularities in the form of 
oligomenorrhea and hyperandrogenism. The main 
physiology that plays a pivotal role in  producing 
endometrial hyperplasia is the continuous estro-
gen stimulation unopposed by progesterone. 
There is a strong relationship between endome-
trial cancer and anovulation associated with 
PCOS.  However, women with PCOS had other 
risk factors which are related to endometrial can-
cer. Also the diagnostic criteria for PCOS were 
also not consistent; thus, it is difficult to make a 
risk assessment in PCOS group. Hence, these 
results provide little support for PCOS being a 
risk factor for endometrial cancer [18, 19].

1.3.5  Early Menarche and Late 
Menopause

Early age at menarche is a risk factor associated 
with endometrial carcinoma in some studies, but 
evidence is less supportive that late menopause is 
associated with an increased risk of the disease 
[20–22]. Both these factors result in long dura-
tion of estrogen exposure during which anovula-
tory cycles are common. A study by Pettersson 
et al. had shown the relation between the effect of 
“menstruation span” (years between menarche 
and menopause, excluding pregnancy-related 
time) and endometrial cancer. He found that 
cases which had a span longer than 39 years had 
4.2 times the risk compared to the women with 
span shorter than 25  years. Long or irregular 
menstrual cycles had also positive relation with 
endometrial cancer [23].

1.3.6  Estrogen-Secreting Tumors

Some ovarian tumors produce estrogen and may 
lead to endometrial carcinoma. Granulosa cell 
tumors are the most likely to be associated with 
endometrial neoplasia. Granulosa cell tumor of 
the ovary is associated with 25–50% of endome-
trial hyperplasia and 5–10% of endometrial car-

cinoma. The carcinomas associated with 
granulosa-stromal cell tumors are usually early 
stage and well differentiated [24].

1.3.7  Family History of Endometrial 
Cancer

A familial history has been suggested for first- 
degree relatives, but no candidate genes have 
been identified till yet [25, 26]. Family history of 
endometrial cancer and colorectal cancer has 
high risk for the disease. They develop endome-
trial cancer at an early age (<50 years) [25]. The 
collective risk of endometrial cancer up to 
70 years of age in women with a first-degree rela-
tive with endometrial cancer was considered to 
be 3.1% compared to less than 2% in the general 
population.

1.3.8  Genetic Factors

1.3.8.1 Lynch Syndrome
Lynch syndrome is a familial tumor syndrome and 
also known as hereditary nonpolyposis colorectal 
cancer (HNPCC). It is an autosomal dominant dis-
order. The women with Lynch syndrome are more 
at risk of developing endometrial cancer at a young 
age as well as higher risk of colon, endometrial, 
ovarian, biliary tract, gastric, small intestinal, and 
ureteropelvic cancer and brain tumors with respect 
to general population [27].

There is significant lifetime risk of endome-
trial cancer in women with Lynch syndrome 
ranging from 25 to 60%. The mean age of diag-
nosis of endometrial carcinoma in women in gen-
eral population is 61  years, whereas it is 
46–54  years in women with Lynch syndrome. 
The histology of the majority of Lynch syndrome- 
associated endometrial carcinomas is endometri-
oid, and it presents at an early stage, similar to 
sporadic endometrial carcinoma.

Lynch syndrome is caused by germline mutation 
in one of the DNA mismatch repair genes. The 
mutation of MLH1, MSH2, MSH6, and PMS2 
genes is related with Lynch syndrome [28], but the 
mutation of gene MSH6 is significantly associated 
with the risk for endometrial cancer [29].
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1.3.8.2 BRCA Mutation
Association of carriers of mutations in the BRCA 
genes with breast and ovarian cancers is known, 
but it was also suggested that endometrial cancer 
has some correlation with mutation in BRCA 1 
genes as well as endometrial carcinoma [30]. 
However, in cases of BRCA mutation carriers on 
tamoxifen, it was also found that the risk of endo-
metrial carcinoma was much higher [31].

1.3.8.3 Other Genetic Factors
Cowden syndrome (CS) and Peutz-Jeghers syn-
drome (PJS) are other genetic diseases which are 
related with endometrial cancer. Hereditary uter-
ine cancers are discussed in detail in Chap. 4.

Cowden syndrome is an autosomal dominant 
disorder, and mutation in the PTEN tumor sup-
pressor gene leads to this disease. The person suf-
fering from Cowden syndrome may have 
characteristic formation of multiple hamartomas, 
distinctive dermal findings, and increased leiomy-
omas and is susceptible for malignant tumors [32].

Cowden syndrome is associated with breast, 
thyroid, and endometrial cancers. The cumulative 
risk of cancer is 85% at the age of 70 years, while 
the prevalence of endometrial cancer is 48.7% in 
this disease [33]. The data for this disease is very 
less, but still lifetime risk of endometrial cancer 
was noted 13–19% by different studies [34, 35].

PJS is an autosomal dominant disorder. It is 
identified by pigmentary lesions in the labium 
and buccal mucosa and multiple gastrointestinal 
polyposis. In 60% of cases of PJS patients, the 
mutation of STK11 gene is found in 60%. Patients 
with this syndrome are associated with more risk 
for developing of malignant tumors. The accu-
mulated risk of all cancers is 93% until 64 years 
of age. The patients with PJS are at high risk of 
breast cancer and gynecological malignant 
tumors especially the sex cord-stromal ovarian 
cancer and cervical adenocarcinoma [36, 37].

1.4  Exogenous Risk Factors

1.4.1  Dietary Factors

There is no specific food or beverages that are 
related with endometrial carcinoma [38]. There 

are studies which found an association between a 
high-glycemic diet and endometrial carcinoma, 
but this is mostly related with obesity [39].

Alcohol use is associated with elevated estro-
gen levels, but it is uncertain whether alcohol 
consumption increases the risk of endometrial 
carcinoma [40]. A meta-analysis of 20 studies 
found no overall association between alcohol 
intake and endometrial carcinoma, but it is sug-
gested that the type of beverage may be impor-
tant, with an increase found for liquor intake, but 
not wine or beer [41].

1.4.2  Unopposed Estrogen Therapy

Systemic (oral, patch, or vaginal ring) estrogen 
therapy without an opposing progestin in a 
woman with a uterus may lead to markedly 
increased chances of hyperplasia of the endome-
trium or development of cancer. When a woman 
uses systemic estrogen therapy without a proges-
tin for 1  year, it was found that endometrial 
hyperplasia developed in 20–50% of women 
[42]. This risk can be significantly reduced by the 
concomitant administration of a progestin [43]. 
An increased incidence of endometrial carci-
noma between 1 and 1.5% has been seen with 
estrogen exposure which is associated with the 
dose and duration of the use of estrogen [44, 45].

It appears that most regimens of combined 
estrogen-progestin postmenopausal hormone 
therapy are not going to increase the chances of 
endometrial carcinoma. Women’s Health 
Initiative randomized trial had illustrated this 
when they compared continuous estrogen- 
progestin therapy with placebo [46].

1.4.3  Tamoxifen

Tamoxifen, an antiestrogen used in the treatment 
of breast cancer, is a risk factor for endometrial 
cancer, but this is still not clear. Tamoxifen use 
increases the risk of endometrial cancer in post-
menopausal women, whereas the risk in pre-
menopausal women is unproven till date [47].

Tamoxifen is a selective estrogen receptor 
modulator and has both agonist and antagonist 
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properties. The affectivity depends on the indi-
vidual target organ and serum estrogen level. In 
breast tissue, it blocks estrogen stimulation and is 
used for prevention and treatment of breast 
 cancer. Women on the standard tamoxifen dose 
(20 mg/day) who develop endometrial carcinoma 
do not differ from other women with endometrial 
carcinoma in terms of stage and histology [48].

The American College of Obstetricians and 
Gynecologists does not recommend routine 
screening for endometrial carcinoma in women 
on tamoxifen but advises that women be coun-
seled about the risks associated with tamoxifen 
and should be monitored closely for symptoms of 
endometrial hyperplasia or carcinoma and 
undergo evaluation if symptoms of endometrial 
carcinoma are present [49].

1.4.4  Phytoestrogens

The effect of phytoestrogens on endometrial carci-
noma risk is not established [50]. Phytoestrogens 
are nonsteroidal compound found in many plants, 
fruits, and vegetables. They have both estrogenic 
and antiestrogenic properties. Studies are not con-
sistent with the ability of their association with 
endometrial hyperplasia or carcinoma. Some 
authors found they are not associated with increased 
risk of endometrial hyperplasia or carcinoma, and 
others found they decrease the risk [51, 52].

1.5  Associated Factors

1.5.1  Nulliparity and Infertility

The relation of parity with risk of endometrial 
cancer is inverse [53]. Nulliparity and infertility 
are not independently associated with endome-
trial carcinoma. The more frequent anovulatory 
cycles in infertile women are likely to be associ-
ated with endometrial cancer. Infertility is asso-
ciated with 3.5-fold increase in risk [54]. Data 
are inconsistent regarding whether ovulation 
induction for treatment of infertility is associ-
ated with an increased risk of endometrial 
carcinoma.

1.5.2  Hypertension and Diabetes

The risk of endometrial cancer is increased in 
women with hypertension and diabetes [55]. 
Obesity is one of the important comorbid factors 
for this risk, but some studies have found both 
hypertension and diabetes with independent 
effects as well [52, 56]. Women with type 2 diabe-
tes are more at risk of developing endometrial can-
cer than type 1 diabetes. Diets with high 
carbohydrates and hyperinsulinemia and elevated 
levels of insulin-like growth factors can cause pro-
liferation of endometrium and may lead to endome-
trial cancer; however, the mechanism is not clear.

Corpus cancer syndrome includes diabetes 
and hypertension in association with endometrial 
carcinoma. All the three are markers of obesity 
and hence are associated.

1.5.3  Breast Cancer

Women with breast cancer on tamoxifen are at 
risk of developing endometrial cancer. This is 
probably due to common risk factors (e.g., obe-
sity, nulliparity) in both malignancies. Some 
data suggest that serous endometrial type of 
endometrial cancer is in women with breast 
cancer who develop endometrial cancer [57].

1.5.4  Tubal Ligation

There are few conflicting studies regarding tubal 
ligation and its association with endometrial car-
cinoma. Opportunistic salpingectomy (performed 
concomitant with a surgery for another indica-
tion) has been proposed to decrease risk of ovar-
ian cancer, but its association to decrease risk of 
endometrial carcinoma is not clear. The Women’s 
Health Initiative Observational Study found no 
significant decrease in risk of endometrial carci-
noma among women who had undergone tubal 
ligation [58]. But another study with 211 women 
with serous endometrial carcinoma found that 
tubal ligation may play a protective role in 
 reducing the chances of positive cytology and 
stage IV disease [59].

R. Khatuja and S. Rai



9

1.5.5  Socioeconomic Status

Earlier studies reported increased risk of endome-
trial cancer in women of higher socioeconomic 
status probably due to more awareness and use of 
estrogen replacement therapy among educated 
women [60].

1.6  Protective Factors

1.6.1  Hormonal Contraception

The use of combined estrogen-progestin oral 
contraceptives decreases the risk of endome-
trial carcinoma by 30% [61]. Long-term use 
reduces the risk, and its protective effect lasts 
for 20 or more years even after discontinuation 
[62]. The presence of progestin is the cause of 
beneficial effect of hormonal contraceptives 
as it plays a preventive role. Studies have 
found that progestin- only contraceptives (e.g., 
depot medroxyprogesterone acetate, progestin 
implants, progestin-releasing intrauterine 
devices) provide protective effect against the 
development of endometrial neoplasia [63, 
64].

1.6.2  Increasing Age at Last Birth

Childbearing at an older age, independent of par-
ity and other factors, was associated with a 
decreased risk of endometrial carcinoma in a 
meta-analysis of 17 studies that included over 
8000 cases of endometrial cancer [65].

1.6.3  Breastfeeding

Breastfeeding appears to be associated with a 
decrease in the risk of endometrial carcinoma. 
At least mean duration of 3 months of breast-
feeding per child is required, to decrease endo-
metrial cancer risk. But the degree of risk did 
not continue to decrease after 6 to 9  months 
[66].

1.6.4  Smoking

Cigarette smoking plays a protective role in decreas-
ing the risk of developing uterine carcinoma in post-
menopausal women due to its antiestrogenic effect. 
But the major health risks associated with tobacco 
far outweigh this single benefit. The effect in pre-
menopausal women is uncertain. The mechanism 
suggested for this effect is that smoking stimulates 
hepatic metabolism of estrogens, leading to lower-
ing of estrogen which eventually lead to reduction 
of incidence of endometrial abnormalities. Thus, 
smoking has been found to have a protective effect 
on endometrial carcinoma [67].

1.6.5  Physical Activity

When physical activity is increased, there will be 
decreased risk of endometrial carcinoma. The 
mechanism involved is possible association 
between high levels of physical activity and 
reduced cancer risk as it leads to decreased obe-
sity as well as central adiposity and favorable 
changes in immune function and in endogenous 
sexual and metabolic hormone levels [68].

1.6.6  Coffee/Tea

A meta-analysis found a decreased risk of uterine 
cancer is directly proportional to the amount of 
coffee consumption [69]. Another meta-analysis 
reported a decreased risk of uterine cancer pro-
portional to the quantity of tea consumed; how-
ever, the correlation was statistically significant 
with consumption of green tea only [70].

1.6.7  Other Factors

There is no association between vitamin D and 
endometrial carcinoma risk; some data suggest 
that the use of calcium supplements may be pro-
tective. Studies have also found association of 
aspirin with a decreased risk of endometrial cancer 
[71, 72].
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1.6.8  Risk Factors for Type II 
Endometrial Carcinoma

Type 2 endometrial carcinoma accounts for 10–20% 
of all cases. There are fewer epidemiologic data 
about them than type I carcinomas. Type II endome-
trial carcinomas tend to present at an advanced 
stage. Approximately 70% of patients with uterine 
serous cancer (USC) and 50% with clear cell can-
cers present with stage III or IV disease [73]. It 
develops in elderly patients, and the probable mech-
anism involved is mutation of the p53 gene in endo-
metrial cells [74].

1.7  Conclusion

Endometrial cancer is the commonest gyneco-
logical malignancy in women with varied inci-
dence worldwide. The number of endometrial 
cancer is increasing day by day, due to changing 
lifestyle, increasing obesity, and extended life 
expectancy. Here, in this chapter we have tried to 
discuss various factors related with endometrial 
cancer. However, still there are many potential 
factors without definite evidence which required 
further studies.

Key Points
• Endometrial cancer is the fourth most com-

mon cancer in women and ranks eighth in 
terms of cancer mortality.

• The incidence has wide variation across coun-
tries with higher incidence among western 
population although it is increasing world-
wide due to change in lifestyle.

• Type I endometrial cancer is most common 
accounting for 80–90% of cancers with well- 
known risk factors, whereas the risk factors 
associated with Type II endometrial cancer are 
not clear.

• Estrogen whether endogenous or exogenous is 
a well-established risk factor for endometrial 
cancer especially type I cancer.

• Clinical conditions like PCOS, unopposed 
estrogen therapy, diabetes, hypertension, obe-

sity, and tamoxifen use increase the risk of 
endometrial carcinoma, while oral contracep-
tive pills, breast feeding, exercise, and coffee/
tea are protective.
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Role of Screening Modalities 
in Endometrial Cancer Detection
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2.1  Introduction

Carcinoma endometrium is the most common 
gynecologic cancer in developed countries; for 
women through age 74  years, the incidence is 
14.7 per 100,000 and the mortality rate is 2.3 per 
100,000. In developing nations, this is the second 
most common gynecologic cancer (cancer of the 
cervix being more common); for women through 
age 74 years, the incidence is 5.5 per 100,000 and 
mortality rate is 1.5 per 100,000. Among the 
developed countries, endometrial cancer is the 
fourth most common cancer (n = 167,900) com-
pared to 151,700 cases in the developing coun-
tries (seventh leading cancer cases) [1]. In the 
United States, 61,380 new cases have been 
reported in 2017 [2]. An increasing trend is seen 
in many countries and is more pronounced in 
some Asian countries (China, Japan, the 
Philippines, Singapore, and India), Belarus, 
Lithuania, Costa Rica, and New Zealand [3]. In 
China, the annual percent change of cases from 
2000 to 2011 was observed as 3.7%. This increas-
ing trend is attributed to increased use of exoge-

nous hormones, reproductive factors, and older 
menopausal age [4]. Most of the patients with 
endometrial cancer are diagnosed at an early 
stage: limited to the primary site (67%), regional 
organ and lymph node involvement (21%), and 
distant metastases (8%) [5].

This disease is more common in perimeno-
pausal and postmenopausal women (50–
65  years). Only 10–15% of women are aged 
below 50  years, and 5% developed the cancer 
younger than 40 years [6]. Risk factors include 
unopposed estrogen, tamoxifen use, increasing 
age, obesity, nulliparity, irregular menstrual 
cycles, smoking (type II endometrial cancer), and 
Lynch syndrome [7].

The most common clinical presentation is 
abnormal uterine bleeding, and majority of women 
presenting with endometrial cancer have pathol-
ogy confined to the uterus with a 5-year survival 
rate more than 90% [8]. The majority of the cancer 
cases are diagnosed at the early stage, thereby 
favoring a better prognosis. The 5-year relative 
survival rates of endometrial cancer from 1975 to 
2009 are stable at 80% (1975–1977 = 87%, 1987–
1989 = 82%, and 2003–2009 = 84%) [9, 10].

2.2  Types of Endometrial Cancer

Endometrial cancer has been divided mainly into 
two types based on their difference in incidence 
in the population, the genetics involved, their 
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 presentation, prognosis, and the treatment strate-
gies. The two types are the endometrioid (type I) 
and the non-endometrioid carcinoma (type II) 
[11]. The more common type is the endometrioid 
adenocarcinoma (type I) and contributes to 
almost three-fourths of the endometrial cancers. 
They usually present as FIGO (International 
Federation of Gynecology and Obstetrics) grade 
1 or 2, have a good prognosis, are estrogen 
responsive, and may be preceded by an intraepi-
thelial neoplasm. The precursor lesion is the 
atypical endometrial hyperplasia (also known as 
endometrial intraepithelial neoplasia) [7]. 
Endometrial hyperplasia is the proliferation of 
endometrial glands and stroma primarily due to 
hyperestrogenism. It has been classified by dif-
ferent systems.

The latest WHO endometrial hyperplasia clas-
sification, 2015 (replacing the 1994 classifica-
tion), has now only two categories. These are (1) 
hyperplasia without atypia (nonneoplastic) and 
(2) atypical hyperplasia (endometrial intraepithe-
lial neoplasm) [12].

The earlier 1994 WHO system classification 
[13] classified endometrial hyperplasia as simple 
hyperplasia without atypia, complex hyperplasia 
without atypia, simple atypical hyperplasia, and 
complex atypical hyperplasia. It was intended to 
correlate the risk of progression of endometrial 
hyperplasia to endometrial carcinoma. However, 
there was a lot of inter-observer variability 
between different pathologists for the nuclear 
atypia that was the main feature described for the 
progression. The new system has helped in avoid-
ing the confusion between the various terms and 
stresses on the fact that hyperplasia without 
atypia is nonneoplastic. On the contrary, hyper-
plasia with atypia is seen to be associated with 
the cellular and genetic changes that are observed 
with the invasive carcinoma and is thus a precur-
sor lesion for the invasive carcinoma.

Type II tumors comprise FIGO grade 3 endo-
metrioid carcinomas along with tumors of non- 
endometrioid histology: serous, clear cell, 
mucinous, squamous, transitional cell, meso-
nephric, and undifferentiated. Carcinosarcomas 
also fall in this category [11]. These typically 
present as high-grade tumors and have poor sur-

vival rates. They usually occur in the atrophic 
endometrium and are so common in the post-
menopausal age group. Estrogen stimulation is 
not a risk factor for type II tumors, and precursor 
lesions are not identified with this subtype.

2.3  Risk Factors

Risk stratification of endometrial cancer divides 
individuals into low risk, moderate risk, and 
high risk.

Low-risk individuals are those with no risk 
factors [14].

Moderate-risk (other terms: average or 
increased risk) individuals are those with risk 
factors like unopposed estrogen use, late meno-
pause, tamoxifen therapy, nulliparity, infertility, 
chronic anovulation, obesity, and diabetes [15].

High-risk individuals are those who carry 
hereditary non-polyposis colon cancer (HNPCC)-
associated mutations, substantial likelihood of 
being a mutation carrier (family history of gene 
mutation), or absence of genetic testing result in 
families with suspected autosomal dominant pre-
disposition to colon cancer [16]. HNPCC or 
Lynch syndrome is an autosomal dominant inher-
ited disorder with germline mutations in DNA 
mismatch repair genes MLH1, PMS2, MSH2, 
and MSH6. These genetic mutations increase the 
risk of an individual to develop gastrointestinal, 
gynecologic, upper urinary tract, pancreatobili-
ary tract, brain, and sebaceous gland malignan-
cies. Carriers of the genetic mutations have a 
lifetime risk of developing endometrial cancer of 
60% [17]. Lynch syndrome contributes to 2–5% 
of all endometrial carcinomas [18].

2.4  Clinical Presentation 
and Diagnosis

The most common symptom of endometrial can-
cer is vaginal bleeding [19]; however, up to 20% 
of patients with endometrial cancer are asymp-
tomatic. The amount of bleeding has no correla-
tion with the risk of having the endometrial 
cancer. The asymptomatic women may present 
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with abnormal findings on cervical cytology. 
Another presentation is of thickened endome-
trium as an incidental finding on imaging per-
formed for other indications.

The diagnostic tools available for symptom-
atic patients are transvaginal sonography and 
endometrial sampling.

2.4.1  Transvaginal Ultrasound 
(TVUS)

TVUS is the most common diagnostic modality 
to evaluate symptomatic patients both in the pre-
menopausal and the postmenopausal age groups. 
This helps to evaluate for other pathologies asso-
ciated with abnormal uterine bleeding specially 
in the premenopausal age group.

Endometrial thickness (ET) is measured in the 
sagittal view of the uterus. The double layer of 
the endometrium measured in an anteroposterior 
dimension from one basalis layer to the other, 
excluding any fluid within the cavity, is reported 
as the endometrial thickness. Any focal endome-
trial lesion requires a biopsy.

2.4.1.1  Symptomatic Postmenopausal 
Women

Postmenopausal women who are not on any hor-
monal therapy, an endometrial thickness of less 
than or equal to 4 or 5 mm is associated with a 
minimal risk of endometrial disease [20, 21]. The 
cutoff for endometrial thickness has been studied 
by various authors. A cutoff value of endometrial 
thickness of 3, 4, and 5  mm has sensitivity of 
98%, 95%, and 90%, respectively, in symptom-
atic postmenopausal women [22].

The American College of Obstetrics and 
Gynecology defines this cutoff as ≤4  mm, and 
the Society of Radiologists in Ultrasound (SRU) 
defines it as ≤5 mm. Both these bodies state that 
either TVUS with abovementioned endometrial 
thickness, respectively, or endometrial sampling 
is effective as the first procedure in postmeno-
pausal symptomatic women [23, 24]. Also, 
ACOG states that TVUS can be useful as a 
second- line diagnostic test when insufficient tis-
sue is obtained after endometrial sampling 

yielded. If the endometrial thickness is ≤4 mm, 
then malignancy is rare. Focal pathologies can be 
visualized on TVUS as mentioned above. To con-
clude, biopsy can be avoided if the thickness is 
<4 mm.

However, if a patient continues to be symp-
tomatic on follow-up, biopsy must be performed.

2.4.1.2  Asymptomatic Postmenopausal 
Women

Yasa et  al. assessed the diagnostic accuracy of 
endometrial thickness measurement of transvagi-
nal ultrasound (TVU) in 276 asymptomatic post-
menopausal women in the detection of endometrial 
carcinoma. Women with endometrial thickness of 
>4  mm underwent hysteroscopy and dilatation 
and curettage (D&C). Out of the 276 women, 
only nine patients (3.3%) had endometrial hyper-
plasia with atypia, and only eight patients had 
endometrial adenocarcinoma. The area under the 
ROC curve was 0.52 (95% CI 0.44–0.57), which 
indicated a poor accuracy of endometrial thick-
ness of TVU for carcinoma in asymptomatic 
women [25]. Another study evaluated the endo-
metrial thickness threshold for endometrial sam-
pling in asymptomatic postmenopausal women. A 
total of 462 women were included, and only nine 
cases of carcinoma and seven cases of atypical 
hyperplasia were identified. Atypical hyperplasia 
is significantly associated with an endometrial 
thickness of or more than 14 mm (odds ratio 4.29; 
95% CI 1.30–14.20; P = 0.02), with negative pre-
dictive value of 98.3%. Endometrial thickness of 
15  mm or more is significantly associated with 
endometrial carcinoma (odds ratio 4.53; 95% CI 
1.20–17.20; P = 0.03), with a negative predictive 
value of 98.5% [26].

At times, TVUS done for postmenopausal 
women for another indication (other than vaginal 
bleeding) shows presence of the endometrial fluid 
with minimal endometrial thickening. The most 
common cause for this is cervical stenosis. It has 
been seen in numerous studies that if the endome-
trial thickness is less than 3 mm with presence of 
fluid, the chances of endometrial cancer are less. 
However, the risk increases when it is greater than 
3  mm. In such cases, biopsy should be done in 
postmenopausal asymptomatic women [27–29].
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2.4.1.3  Premenopausal Women
The role of TVUS as a diagnostic method for 
endometrial cancer in premenopausal women has 
not been clearly defined. In a study of 200 pre-
menopausal women presenting with abnormal 
uterine bleeding, 20% of women with an endo-
metrial thickness measuring as <5 mm was even-
tually given the diagnosis of an endometrial 
polyp or a submucosal leiomyoma as the cause of 
AUB [30].

The timing of the TVUS is also important in 
premenopausal women. It must be on day 4, 5, or 
6 of the bleeding cycle, the reason being that the 
endometrium is the thinnest at this time of the 
menstrual cycle, 4–8  mm in the proliferative 
phase while 8–14 mm in the secretory phase [31].

Since there is no defined threshold cutoff in 
premenopausal women with AUB for endome-
trial thickness on TVUS, it cannot be used as an 
alternative to endometrial sampling other than as 
a first-line imaging method to evaluate for other 
causes of this presentation. Also, it should be 
clear that in asymptomatic premenopausal 
women, only the endometrial thickness cannot be 
used as an indication for the diagnostic biopsy. 
The clinical history and risk stratification are 
more important in such cases.

In women on hormonal therapy whether on 
unopposed estrogen therapy or when estrogen is 
given with cyclic progestogen, TVUS cannot be 
used as a screening or diagnostic modality for 
endometrial cancer [32, 33], the reason again 
being a lack of threshold cutoff for endometrial 
thickness. So, endometrial sampling becomes the 
procedure of choice for this group of women 
when presenting with abnormal bleeding pat-
terns. They should be assessed clinically and 
explained that bleeding does occur when they are 
put on the hormonal therapy and should report if 
it is persistent or occurs after a long phase of 
amenorrhea.

2.4.2  Endometrial Sampling

This is the gold standard diagnostic modality for 
evaluation of any symptomatic woman with sus-
pected endometrial carcinoma. Office endome-

trial biopsy, dilatation and curettage (D&C), and 
hysteroscopy with directed biopsy are the various 
methods to get tissue samples for confirmatory 
evaluation of the endometrium. The sensitivity 
for endometrial sampling is more than or equal to 
90%. False-negative endometrial sampling is 
encountered if there is a personal history of 
colorectal cancer, presence of endometrial pol-
yps, and also in morbidly obese women [34].

The choice of the procedure depends upon the 
clinical situation.

2.4.2.1  Office Endometrial Biopsy
Endometrial sampling is routinely done with an 
office endometrial biopsy that can be performed 
as an outpatient procedure with either no anes-
thesia or local anesthesia and is the least invasive 
approach. This can be done by various suction 
devices or with the use of endometrial brush. The 
suction devices can be low-pressure (e.g., pipelle, 
Endocell) or high-pressure devices (e.g., Vabra 
aspirator, Karman cannula). The low-pressure 
devices are more commonly used for office endo-
metrial biopsy as they are more flexible, and do 
not require cervical dilatation making them more 
comfortable for an outpatient procedure. The 
endometrial brush (Tao brush) works similar to 
the Pap brush used for endocervical sampling.

Among all the devices being used for endome-
trial sampling, the pipelle (Fig.  2.1) has been 
studied the most. It is less painful and is able to 
obtain more tissue when compared to Vabra aspi-
rator [35, 36]. It can be used without cervical 
dilatation in the outpatient department and is also 
more cost-effective. In a study by [37] Abdelazim 

a

b

Fig. 2.1 (a) Pipelle endometrial sampling device (Pipette 
MedGyn, RB Medical Herefordshire, UK). (b) Novak 
Endometrial Curette
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et al. 2013, its sensitivity for endometrial hyper-
plasia as well as carcinoma was 100%. Several 
observational studies are there to support office 
endometrial biopsy with pipelle as a screening 
tool in comparison to D&C with and without hys-
teroscopy. The specimen satisfaction rate varies 
from 73.9% to 100% and the pathological accu-
racy between 62.0% and 96.9% for endometrial 
lesions with greater acceptability for patients 
than D&C [38–47].

However, a few limitations of pipelle have also 
been reported. It is not effective in sampling focal 
pathology like polyps [45], and since  theoretically 
only a small portion of endometrium is sampled, 
it may not be a good screening tool.

In the systematic review by Du et  al. [48] 
comparing the various endometrial sampling 
devices, Tao brush was found to be the most 
effective method for screening endometrial 
pathology but with the limitations of higher cost 
and unsuccessful insertion rate [48].

2.4.2.2  Dilatation and Curettage
At times, one may choose to do a D&C as the 
initial procedure especially in women for whom 
the office biopsy is intolerable, for patients with 
heavy bleeding since D&C acts as both a diag-
nostic and a therapeutic procedure, and in women 
in the high-risk group, i.e., with Lynch syndrome. 
The other indications are cervical stenosis, inad-
equate specimen with office biopsy, or when 
done along with some other diagnostic/operative 
procedure.

2.4.2.3  Hysteroscopic-Directed D&C
Hysteroscopy with D&C becomes the procedure 
of choice when there is suspicion of focal lesions 
like polyps. It is helpful in visualizing the endo-
metrial cavity completely, and simultaneous ther-
apy can be initiated.

A systematic review and meta-analysis con-
sisting of 45 studies with 12,459 patients was 
done to assess the agreement between the three 
preoperative endometrial sampling techniques 
(office endometrial biopsy, dilatation and curet-
tage, and hysteroscopy with directed biopsy) 
with the final histopathologic diagnosis of endo-
metrial carcinoma [49]. Of the 45 studies, nine 

analyzed office endometrial biopsy technique, 
three analyzed hysteroscopic biopsies, and 16 
studies included analyzed D&C.  Hysteroscopic 
technique has a significantly higher agreement 
with the final diagnosis (0.89, 95% CI 0.80–0.98) 
than D&C (0.70, 95% CI 0.60–0.79; P < 0.02). 
There was no significant difference in agreement 
between hysteroscopic biopsies and office endo-
metrial biopsy (agreement of 0.73 (95% CI 0.60–
0.86) (p = 0.08). In clinical practice, hysteroscopic 
biopsy and office endometrial biopsy have higher 
accuracy of getting the final diagnosis than 
D&C. Another finding of this study was the 8% 
clinically relevant upgrading rate from low grade 
in preoperative endometrial sampling to high- 
grade tumor in final diagnosis.

Figure 2.2 represents a suggested algorithm to 
decide whether the sample obtained from the 
endometrium by any technique (office biopsy or 
curettage) is adequate and if there is any need to 
resample the endometrium [50].

2.5  Screening for Endometrial 
Cancer

As mentioned previously, most of the women 
with endometrial cancer have their first symptom 
as abnormal bleeding. Earlier symptomatic pre-
sentation is able to detect most but not all endo-
metrial cancers at an earlier stage. Also, since the 
survival is good if diagnosed early, it is question-
able to adopt a definite screening protocol. So, 
for such a disease, the early presentation with 
abnormal bleeding provides an evidence of sec-
ondary prevention, i.e., diagnosis of a disease 
when its treatment can halt its progression. An 
important hindrance to make a screening guide-
line for this cancer is that there is no screening 
test which is sensitive, specific, and acceptable to 
the population to be screened or to the 
physicians.

Thereby, the primary prevention (screening 
for a disease before the symptomatic presenta-
tion) becomes less cost-effective.

Endometrial sampling is no doubt a sensitive 
and specific test, but at the cost of being invasive 
and also uncomfortable to the individual. On the 
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contrary, measurement of endometrial thickness 
on transvaginal ultrasound, though a sensitive test 
in picking up endometrial cancer postmenopause, 
its sensitivity is roughly 20% lower in asymptom-
atic postmenopausal women as compared to the 
symptomatic women, with the drawback of low 
specificity and high false-positive rate. This even-
tually leads to the option of the invasive endome-
trial biopsy. Though there is a subgroup of patients 
who are diagnosed incidentally on conventional 
Pap smear routinely done for cervical cancer, its 
sensitivity for endometrial cancer is only 40–55%. 
On the contrary, the sensitivity of liquid-based 
preparations is 60–65% [51, 52].

2.5.1  Asymptomatic Women at 
Average or Increased Risk

Routine screening of asymptomatic women at 
average or increased risk of endometrial cancer is 
not advisable due to the lack of satisfactory qual-
ity evidence in favor of screening to reduce the 
mortality from endometrial cancer. The excep-

tion to this includes women with the Lynch syn-
drome (hereditary non-polyposis colon cancer) 
and other genetic association (Cowden syn-
drome) who have a substantially increased risk of 
development of endometrial cancer and should 
therefore go for routine screening and finally a 
hysterectomy to reduce the risks.

2.5.2  American Cancer Society

The ACS recommends that low-risk and 
moderate- risk women at the time of menopause 
should be informed about the risks and symp-
toms of endometrial cancer and strongly encour-
aged to report any unexpected bleeding or 
spotting.

2.5.3  ACOG Practice Bulletin 
for Endometrial Cancer [7]

According to ACOG, evidences on the use of 
imaging tools to evaluate premenopausal women 

Endometrial Biopsy
(pipelle or curettage)

No endometrial tissue Superficial strips of endometrial glands Intact organized tissue

Inadequate sample Unassessable sample Type specimen

Abnormal ultrasound or
strong clinical suspicion

Normal ultrasound
Abnormal ultrasound or strong

clinical suspicion

Re-biopsy No re-biopsy Re-biopsy

Fig. 2.2 Algorithm for assessment of the adequacy of an 
endometrial biopsy specimen. Reproduced from Journal 
of Clinical Pathology, McCluggage WG, 59(8), 801–12, 

Copyright 2006, with permission from BMJ Publishing 
Group Ltd
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with abnormal uterine bleeding are not clear. 
Ultrasound measurement of endometrial thick-
ness in this age group should not be performed 
due to poor diagnostic value. Symptomatic post-
menopausal women should be initially evaluated 
either by endometrial biopsy or transvaginal 
ultrasound. Symptomatic women with endome-
trial thickness of greater than 4 mm warrant fur-
ther evaluation by doing endometrial sampling. 
Office endometrial biopsy is the method of choice 
for endometrial evaluation due to its reliability 
and accuracy in endometrial cancer detection.

2.5.4  Women with Lynch Syndrome

Women with Lynch syndrome who are asymp-
tomatic are advised yearly endometrial sampling, 
beginning at 30–35  years of age or 5–10  years 
earlier than the age at which the first diagnosis of 
the syndrome-related cancer in the family [53].

Some experts have suggested the use of TVUS 
for screening for endometrial cancer; however, 
there is no added increase in the sensitivity when 
combined with endometrial sampling in compari-
son to sampling alone. Its main use has been seen 
in screening for the ovarian cancer in these 
women. There is no sufficient data to differenti-
ate between the endometrial sampling and TVUS 
as screening modalities for this subgroup of 
patients. Studies are required to determine their 
sensitivity in both premenopausal and postmeno-
pausal asymptomatic patients with Lynch syn-
drome. For now, only endometrial sampling is 
considered the procedure of choice; though being 
invasive, it must be performed annually.

2.5.5  Cowden Syndrome

For Cowden syndrome (autosomal dominant 
syndrome with mutation in PTEN tumor suppres-
sor gene, lifetime risk of endometrial can-
cer—13–28%), no guidelines are given at present 
for screening of endometrial cancer. However, 
this should be managed like Lynch syndrome, 
i.e., endometrial sampling and risk-reducing hys-
terectomy [54, 55].

2.5.6  Tamoxifen Users

Women who are on tamoxifen should be 
explained thoroughly at the time of initiation of 
therapy for the symptom of vaginal bleeding and 
endometrial evaluation by transvaginal ultra-
sound, and endometrial sampling should only be 
reserved to symptomatic patients. These women 
have thickened endometrium on TVUS or may 
have cystic appearance due to activation of ade-
nomyotic foci. There is no threshold cutoff for 
endometrial thickness for women on tamoxifen. 
Evaluation of asymptomatic tamoxifen users will 
result in low incidence of endometrial cancer at 
the cost of high rate of unnecessary endometrial 
biopsy and even hysterectomy [56, 57]. This 
group of population must be informed in written 
to report to the physician in case of any change in 
the vaginal bleeding patterns for further 
evaluation.

2.6  Novel Tests as Screening 
Tools for Endometrial Cancer

2.6.1  Liquid-Based Endometrial 
Cytology

Endometrial cytology has been used in Japan as a 
routine initial screening method for endometrial 
cancer since 1987. Its use has not been widely 
accepted due to low diagnostic accuracy owing to 
presence of excessive blood and overlapping 
cells in the cytology samples. Due to the recent 
development of liquid-based cytology technique, 
mainly used for cervical cancer screening, endo-
metrial cytology has now been reevaluated as a 
screening tool for symptomatic women with sus-
picious endometrial pathology. A total of 1672 
women were included in a Chinese study, which 
aimed to investigate the diagnostic accuracy of 
liquid-based endometrial cytology, in compari-
son with histology [58]. All women underwent 
endometrial cytology using the SAP-1 device, 
hysteroscopy, and D&C.  SAP-1 device 
(Saipujiuzhou, Beijing, China) (Fig. 2.3) is pat-
ented and can be used in China. The SAP-1 sam-
pler measures 3 mm in diameter and 250 mm in 
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length. It has a flexible soft latex loop with spines 
to get cytology samples that can be plunged out 
of outer protective tube to prevent contamination 
from cervical and vaginal cells when releasing 
out of the uterine cavity. The cytology samples 
were immersed in the SurePath vial (BD 
Diagnostic, Burlington, NC, USA) and processed 
using AutoCyte PREP automated slide processor 
(Tri-Path Corporation, USA). In postmenopausal 
women, 96% (n = 758/790) had adequate cytolo-
gies as compared to 74.2% (n = 586 of 790) ade-
quacy of histologic samples. SAP-1 device 
provided more adequate samples than D&C 
(p < 0.001). Diagnosing atypical hyperplasia or 
worse as a positive result, the diagnostic accuracy 
of liquid-based endometrial cytology was 86.1% 
with sensitivity, specificity, positive predictive 
value, and negative predictive value of 70.3%, 
88.5%, 48.0%, and 95.2%, respectively. Taking 
endometrial carcinoma as the positive result, the 
diagnostic accuracy of liquid-based endometrial 
cytology was increased to 94.4%, with sensitivity 
of 53.2%, specificity of 98.6%, positive predic-
tive value at 79.8%, and negative predictive value 
of 95.3%. The study showed that liquid-based 
endometrial cytology is a useful method in as a 
first-line approach in detecting endometrial 
malignancy. This result shows promising future 
for endometrial cytology as a screening tool for 

endometrial cancer, but more robust evidences 
are needed to support its use.

2.6.2  Multiplex PCR-Based Tests: 
PapSEEK

The routine screening by Pap smear has improved 
the diagnosis and thereby treatment of patients 
with cervical cancer. No such test has been 
devised for both endometrial and ovarian cancer. 
Wang et  al. [59] performed genetic analysis of 
fluid obtained through routine Papanicolaou test-
ing (PapSEEK), along with the analysis of tumor 
DNA circulating in the blood. They also per-
formed intrauterine sampling with Tao brush/Pap 
brush to increase the sensitivity of detection for 
the less accessible tumors. Tao brush was used to 
sample the endometrial cavity, while Pap brush 
sampled the endocervical canal. The basis of this 
study was a recent study by Kinde et  al. [60], 
which stated that both the endometrial and ovar-
ian cancer cells shed and get collected at the cer-
vix. These can provide sample for testing the 
tumor DNA from the fluid collected during cervi-
cal Pap screening.

This is a minimally invasive procedure and 
samples can be conveniently obtained during 
routine office cervical cancer screening visit. The 
somatic mutation testing was performed for 18 
genes after amplifying the DNA sample obtained 
for the fluid obtained with Tao brush/Pap brush 
by using multiplex PCR. The results of this study 
showed that with PapSEEK, 93% of endometrial 
cancers were detected with Tao Brush and 81% 
with Pap brush. The detection rate for ovarian 
cancers with PapSEEK was 45% with Tao Brush 
and 33% with Pap brush. The advantage of this 
method was the high specificity with only 0 and 
1.4% of women without cancer testing positive 
with Tao and Pap brush samples, respectively. 
The assays for ctDNA in plasma could be used in 
conjunction with PapSEEK on Pap brush sam-
ples, increasing the sensitivity of detecting ovar-
ian cancer to 63%. The combined ctDNA analysis 
with PapSEEK analysis of Tao brush was not 
tested in the study.

Fig. 2.3 The SAP-1 device (Saipujiuzhou, Beijing, 
China). Reprinted from Yang X, Ma K, Chen R, Zhao J, 
Wu C, Zhang N, et al. Liquid-based endometrial cytology 
associated with curettage in the investigation of endome-
trial carcinoma in a population of 1987 women. Arch 
Gynecol Obstet 2017; 296(1): 99–105. With permission 
from Springer from McCluggage WG (50)
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A very important and encouraging finding of 
this study was the pickup of high-grade endo-
metrial cancer (85% detection rate by Pap brush 
and 89% detection rate by Tao brush) which is 
not at all identified by the routine transvaginal 
ultrasound. Though these high-grade (type II) 
endometrial cancers contribute very less to the 
overall incidence of this cancer, the mortality 
with this type is high and they are picked up at 
late stage. With this screening modality, we can 
pick up these high-grade tumors at an early 
stage, thus contributing to the increased sur-
vival rate.

The limitations of the study were that it was a 
retrospective study rather than prospective. Also, 
the samples were obtained from the diagnosed 
endometrial and ovarian cancer patients, though 
a substantial number of samples were obtained 
from the early-stage lesions. We need further 
studies to prove the role of PapSEEK as a screen-
ing tool for the endometrial and ovarian cancer.

The summary of endometrial cancer screening 
is in Table 2.1.

2.7  Conclusion

Since, at present, a good screening method is not 
available for endometrial cancer and it presents 
early in the course of progression, routine screen-

ing is not advised by different oncology societies. 
The exception to this is women with high risk, 
i.e., Lynch syndrome, for which screening is rec-
ommended. Emphasis should be given on provid-
ing adequate information with respect to 
abnormal uterine bleeding to women in the peri-
menopausal age group. For menopausal group, 
any amount of bleeding should be advised to be 
reported.

Key Points
• Endometrial carcinoma is the most common 

gynecological cancer in the developed world 
and is the second most common in the devel-
oping world.

• The available screening modalities for endo-
metrial cancer are transvaginal ultrasound and 
endometrial sampling.

• TVUS is a good first line of investigation for 
women presenting with abnormal uterine 
bleeding, though more beneficial in symptom-
atic postmenopausal women.

• Postmenopausal women with ET on TVUS 
measuring more than 4 mm need further eval-
uation. No specific ET cutoff has been laid 
down for premenopausal women.

• Endometrial sampling remains the gold stan-
dard for diagnosis of endometrial pathology.

• Office endometrial biopsy has considerably 
replaced the traditional D&C for the screening 

Table 2.1 Recommendation for endometrial cancer screening

Low-risk and Moderate-risk 
women [61]

At menopausal age, women should be informed of the risks and symptoms of 
endometrial cancer
Any unexpected bleeding or spotting warrants reporting and evaluation

High-risk women [61] Annual testing by endometrial biopsy should be considered starting age 35 years
Endometrial sampling 
technique [7]

Office endometrial biopsy with disposable devices is reliable and accurate for the 
detection of disease in most cases of endometrial cancer and has become the 
method of choice for histologic evaluation of the endometrium

Premenopausal women [61] Evidences on the use of imaging tools to evaluate premenopausal women with 
abnormal uterine bleeding are not clear
Ultrasound measurement of endometrial thickness should not be performed due to 
poor of diagnostic value

Postmenopausal women [26] Asymptomatic women:
  •  14 mm or above endometrial thickness warrants endometrial sampling
Symptomatic women:
  • Initial evaluation by EITHER transvaginal ultrasound or emdometrial sampling
  • >4 mm endometrial thickness warrants endometrial sampling

Tamoxifen user [56, 57] Asymptomatic: no routine screening method
Symptomatic women: evaluation with TVU and endometrial biopsy
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and diagnosis of endometrial hyperplasia and 
neoplasia. The use of pipelle for office proce-
dure has been evaluated as sensitive, specific, 
and less painful in many studies.

• Screening for endometrial carcinoma is not 
recommended due to its early symptomatic 
presentation and good survival rates in early 
stages.

• The exception to this is the high-risk group, 
i.e., women with Lynch syndrome who require 
screening by endometrial sampling.
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Abbreviations

AUB Abnormal uterine bleeding
BMI Body mass index
BSO Bilateral salpingo-oophorectomy
CT Computerized tomography
D&C Dilatation and curettage
DMPA Depot medroxyprogesterone acetate
EB Endometrial biopsy
EC Endometrial carcinoma
EGF Epithelial growth factor
EH Endometrial hyperplasia
EIN Endometrial intraepithelial neoplasia
ER Estrogen receptors
ERT Estrogen replacement therapy
ET Endometrial thickness
GnRH Gonadotropin-releasing hormone
H&E Hematoxylin and eosin
HRT Hormone replacement therapy
IGF-1 Insulin-like growth factor-1
IL-1β Interleukin-1β
IUD Intrauterine device
LNG Levonorgestrel
MA Megestrol acetate
MPA Medroxyprogesterone acetate
MRI Magnetic resonance imaging
MSI Microsatellite instability

NETA Norethisterone acetate
OCs Oral contraceptives
PCNA Proliferating cell nuclear antigen
PCOS Polycystic ovarian syndrome
PMB Postmenopausal bleeding
PR Progesterone receptor
RCOG Royal College of Obstetricians and 

Gynaecologists
SERM Selective estrogen receptor modulator
SNPs Single nucleotide polymorphisms
TAH Total abdominal hysterectomy
TNF R1 Tumor necrosis factor receptor 1
TNF-α Tumor necrosis factor-α
TVS Transvaginal sonography
USG Ultrasonography
WHO World Health Organization

3.1  Introduction

Endometrial hyperplasia (EH) is a spectrum of 
morphological changes ranging from a slightly 
disordered pattern seen in the late proliferative 
phase of the menstrual cycle to the irregular pro-
liferation of the endometrial glands with an 
increase in gland-to-stroma ratio leading to thick-
ening of the endometrium [1]. It is further classi-
fied on the basis of the complexity of endometrial 
glands and any cytological atypia [2]. In fact, EH 
is the only known direct precursor of endometrial 
carcinoma (EC). These lesions range from 
 anovulatory endometrium to monoclonal 
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 precancers. Menstrual cycle involves a complex 
interaction of estrogen and progesterone hor-
mones which affects the endometrial lining. 
Factors like hormonal balance, molecular mecha-
nisms, age, environment, and so forth maintain 
the fine equilibrium of the endometrium, and any 
disturbance leading to chronic estrogen stimula-
tion may lead to several endometrial abnormali-
ties [1, 3, 4]. In 1900, Cullen described an 
etiologic correlation between EH and EC.  In 
1932, Taylor and also in 1936, Novak and Yui 
supported this observation. In 1947, Gusberg 
focused his attention on the role of estrogenic 
stimulation as a factor that caused EH and EC 
[5]. Speert (1952) introduced the term “adenoma-
tous atypical hyperplasia” for the premalignant 
hyperplasias. EH has been classified by various 
systems over the last 50 years. In 1982, Kurman 
and Norris first published the study describing 
reproducible criteria for differentiating EH from 
well-differentiated EC [6]. The estimated inci-
dence of EH in developed countries is 200,000 
new cases per year [1, 7]. EH incidence without 
atypia and with atypia peaks in the early post-
menopausal years and early 60s, respectively [8].

Prospective studies are difficult to conduct to 
determine the malignant potential of these lesions 
for several reasons. The obstacle to long-term 
surveillance is that the condition is usually 
detected in symptomatic women who therefore 
require treatment so that follow-up to determine 
the natural history of the various histological sub-
types is difficult. There is also difficulty in accu-
rately differentiating between the atypical 
hyperplasia and well-differentiated EC [9].

Diagnosis of EH is important because it may 
cause abnormal uterine bleeding (AUB), indica-
tive of anovulation and infertility, associated with 
estrogen-producing ovarian tumors, and precede 
or occur simultaneously with EC [10]. Sensitive 
and accurate diagnosis can reduce the likelihood 
of development of invasive EC [11]. Regression 
of hyperplasia to normal endometrium represents 
the key to conservative treatment for prevention 
of the development of EC [1].

A brief overview of the development of a cur-
rent understanding of EH will serve to under-
stand their diagnosis and management.

3.2  Etiology and Risk Factors

A relative excess of estrogen, unopposed by pro-
gesterone, whether it is exogenous or endogenous 
is thought to be one of the primary etiological 
factors in both EH and EC. Estrogen stimulates 
endometrial proliferation by binding to estrogen 
receptors (ER) in the nuclei of endometrial cells. 
Known risk factors for EH reflect this etiology [1, 
2, 7, 12–14] (Table 3.1).

Hormone replacement therapy (HRT) and 
obesity are considered as reversible risk factors. 
Postmenopausal women treated with estrogen 
replacement therapy (ERT) without progestins 
are at increased risk of EH.  The risk of EH 
increases by tenfold with each decade of use of 
ERT [1, 2, 15]. Obese women (body mass index 
[BMI] > 30 kg/m2) have a nearly fourfold increase 
in the incidence of atypical EH due to excessive 
peripheral conversion of androgens in adipose 
tissue to estrogen coupled with erratic anovula-
tory cycles [16, 17].

Table 3.1 Risk factors responsible for development of 
EH [1, 2, 7, 12–14]

Category of 
risk factor Risk factor
Nonmodifiable Increasing age (age >35 years)

Caucasian
Family history of endometrium, 
ovarian, breast, or colon cancer

Lifestyle Smoking
Menstrual 
status

Early menarche and/or late 
menopause, postmenopausal

Reproductive 
events

Nulliparity, infertility

Comorbidity Obesity, DM (type II), metabolic 
syndrome, insulin resistance, HT, 
PCOS (anovulation), Lynch syndrome 
(HNPCC), estrogen-secreting ovarian 
tumors (e.g., ovarian granulosa cell 
tumors), androgen-secreting tumors of 
the adrenal cortex

Drug-induced Unopposed ERT/prolonged HRT, 
long-term tamoxifen therapy

Others Immunosuppression, infection
Genetic 
mutations

MSI, PTEN, K-ras, β-catenin, 
PIK3CA, SNPs

Cytokine 
system

TNF-α, PCNA, EGF, Fas, TNF-R1, 
IGF-1, NF-κB, IL-22

B. M. Patel



27

Tamoxifen, which is a selective estrogen recep-
tor modulator (SERM), is used to treat ERα-
positive primary and advanced breast cancers. It 
leads to EH, development of endometrial polyps, 
abnormal vaginal bleeding, and EC due to its 
estrogenic effect on the endometrium [1, 17].

In addition to estrogenic stimulation of the 
endometrium, other elements such as immuno-
suppression and infection may also be involved 
in the development of EH [13].

Genetic alterations like microsatellite instabil-
ity (MSI), PTEN mutations, K-ras mutation, beta-
catenin mutation, PIK3CA mutation, functional 
single nucleotide polymorphisms (SNPs), and so 
forth are observed in endometrial lesions [1, 14].

Inflammation in the endometrium disturbs the 
balanced cytokine system which leads to most 
cases of EH.  Inflammation causes decrease in 
tumor necrosis factor-α (TNF-α), proliferating cell 
nuclear antigen (PCNA), and epithelial growth fac-
tor (EGF) mRNA and increased production of Fas 
mRNA and IGF-1 receptor (IGF-1R). In glandular 
cystic hyperplasia, decreased expression of tumor 
necrosis factor receptor 1 (TNF R1), interleukin-1β 
(IL-1β), and IL-12 genes is found. The expression 
of the insulin- like growth factor-1 (IGF-1) gene is 
reduced only in adenomatous hyperplasia [1].

Risk factors for EH and EC differ in relation to 
reproductive factors. Parity is found to be protec-
tive for EC but not for EH [14]. Long duration of 
oral contraceptive use has some protective effect 
[14, 15].

3.3  Risk of Endometrial 
Carcinoma

EH is a pathologically diversified lesion which 
encompasses histological subtle and spontane-
ously reversible proliferative lesions to emerging 
EC. Women with atypical hyperplasia may have 
coexistent EC or may progress to carcinoma [18].

3.3.1  Coexistent Carcinoma

EC is found more frequently in women with 
cytological atypia. Recent studies have shown 

EC in hysterectomy specimens of up to 50% of 
women with atypia [2, 5]. Dilatation and curet-
tage (D&C) or hysteroscopy-guided biopsy may 
not always be completely representative of the 
entire endometrium. Small foci of malignancy 
left in situ at the first biopsy might have already 
been present in the endometrium. In this situa-
tion, the term “progression to carcinoma” is less 
appropriate than “association with cancer/coexis-
tent carcinoma” [19].

EC with concomitant EH are thought to be 
associated with less aggressive disease, associ-
ated with lower grade and stage, significantly 
lower recurrence risk, and higher 5-year survival 
rates [2]. The strongest predictors of concurrent 
EC among women with EH are older age, obesity, 
diabetes mellitus, and complex hyperplasia [4]. 
Immunohistochemical staining of complex atypi-
cal hyperplasia for PTEN, MIB-1, and p53 
improves the prediction of coexistent EC [10, 20].

3.3.2  Progression to Carcinoma

The natural history of EH is difficult to define, 
but key factors defining the risk for progression 
to carcinoma are the presence and severity of 
cytological atypia and architectural crowding [1, 
18, 21, 22]. Simple hyperplasia represents the 
lowest risk of cancer progression, and the major-
ity spontaneously regress [1]. Among 18% of 
persistent lesions, there are 8% and 3%, rates of 
progression to simple atypical hyperplasia and 
complex atypical hyperplasia and only 1% prog-
ress to EC.  Complex hyperplasia is reported to 
have an intermediate risk of progression with 
22% persistent and 4% progression to EC, with a 
mean duration to progression of approximately 
10 years. Therefore, both simple hyperplasia and 
complex hyperplasia are not recognized as pre-
neoplastic forms [2].

Another study reported progression to EC in 
1%, 3%, 8%, and 29% of patients with simple 
hyperplasia, complex hyperplasia, simple atypi-
cal hyperplasia, and complex atypical hyperpla-
sia, respectively [23].

The lower risks of progression to EC in 
women with EH without atypia can help in 
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decision- making for conservative management, 
whereas the higher risks of atypical hyperplasia 
progressing to EC required consideration of 
aggressive approaches [19]. Meticulous knowl-
edge of rates of progression risks for EH to EC 
encourages better clinical management of EH 
[18, 21–24].

Thresholds for distinguishing precursors (e.g., 
atypical hyperplasia or EIN) from carcinoma in 
biopsies vary among pathologists and by the clas-
sification system, but all of these lesions warrant 
close follow-up. A bigger challenge may be how 
to evaluate and manage the larger group of 
women with less severe abnormalities [22].

3.4  Classification

Among several histological classification sys-
tems proposed for EH since 1963, two prominent 
classifications are commonly used for EH at 
present: the World Health Organization (WHO) 
classification and the endometrial intraepithelial 
neoplasia (EIN) classification (Fig. 3.1).

WHO Classification: It was established in 1994 
and classified EH in four categories, simple 
hyperplasia without atypia, complex hyperplasia 
without atypia, simple atypical hyperplasia, and 

complex atypical hyperplasia. The latest and 
fourth classification published in 2014 is the most 
commonly recognized system with the reduction 
to two categories only, and it reflects a new con-
cept of molecular genetic changes. Hyperplasia 
without atypia (Figs.  3.2 and 3.3) expresses no 
associated genetic changes. They represent 
benign changes and disappear after the endocrine 
background returns to normal. Conversely, in 
atypical hyperplasia (Figs. 3.4 and 3.5), expres-
sions of cellular and genetic changes typical of 
EC (Figs. 3.6 and 3.7) are found. The diagnosis 
of EIN in the WHO 2014 classification is inter-
changeable with atypical hyperplasia [5]. This 
new classification constitutes an important sim-
plification for clinical practice particularly with 
concern to management options: hyperplasia 
without atypia can be treated usually conserva-
tively, while treatment of atypical hyperplasia/
EIN is usually total abdominal hysterectomy 
(TAH) [1, 7, 25].

Gross manifestations of EH are highly differ-
ent. Changes in endometrium range from dif-
fusely thickened (5–10 mm or greater) to vaguely 
nodular, tan, and soft without hemorrhage or 
necrosis. EH may be focal or multifocal in rela-
tion to cycling endometrium and polyp or on the 
diffusely thin endometrium [1, 26–28].

1994 WHO classification

Category Category

Hyperplasia without atypia

Atypical hyperplasia / EIN

Nuclear atypia

Glandular crowding with
little intervening stroma

Architectural irregularity
of gland

Endometrial intraepithelial
neoplasia

Cystic glands

Increased
gland to stroma ratio

Endometrial hyperplasia

Variability in gland size and
shape

Histopathological features

2014 WHO classification EIN classification

Category

Simple hyperplasia
without atypia

Complex hyperplasia
without atypia

Simple atypical hyperplasia

Complex atypical hyperplasia

Fig. 3.1 Schematic representation of 1994 WHO classification, 2014 WHO classification, and EIN classification [7]
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Fig. 3.2 Hyperplasia 
without atypia (low 
power 10×): Increased 
gland-to-stroma ratio is 
evident. Glands are 
mildly crowded and 
dilated

Fig. 3.3 Hyperplasia 
without atypia (high 
power 40×): Glands are 
lined by columnar 
epithelium and do not 
show any atypia

Fig. 3.4 Hyperplasia 
with atypia (low power 
10×): Crowded back to 
back glands are evident 
with little intervening 
stroma
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Fig. 3.5 Hyperplasia 
with atypia (high 
power). Cells show loss 
of polarity. Nuclei are 
enlarged with irregular 
nuclear membrane, 
coarse chromatin, and 
prominent nucleoli. 
Atypical mitoses are 
evident

Fig. 3.6 Endometrial 
carcinoma (low power 
10×): Tumor nests 
invade the myometrium

Fig. 3.7 Endometrial 
carcinoma (high power 
40×): Tumor cells with 
glandular confluence, 
complex architecture, 
and lack of intervening 
stroma. Individual cells 
show high N/C ratio, 
pleomorphism, 
prominent nucleoli, and 
atypical mitosis
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EIN Classification It is an alternative classifica-
tion which is based on molecular, morphometric, 
and morphologic data and has been proposed by 
the International Endometrial Collaborative Group 
in 2000. It is developed to improve prediction of 
clinical outcome, improve inter-observer reproduc-
ibility, and reduce subjective bias inherent to 1994 
WHO classification [7, 13, 29]. In this, nonatypical 
anovulatory or prolonged estrogen-exposed endo-
metrium is classified as EH. The criteria for diag-
nosis of EIN are as follows [11, 22, 27, 30].

 1. Size of the lesion is at least 1 mm
 2. Glandular volume is more than the stromal 

volume
 3. Changes in cytology in relation to 

background
 4. Exclusion of benign mimics like endometrium 

in secretory phase, effect of exogenous estro-
gen and polyps and malignancy

The EIN classification can be assigned using 
computer-assisted morphometric analysis, which 
provides a D-score or diagnostic criteria that can be 
applied to standard hematoxylin and eosin (H&E) 
stained slides subjectively by pathologist [22, 27, 
28]. Prior to the formation of EIN classification, it 
was believed that unopposed estrogenic stimulation 
will lead to EH. The EIN classification suggests that 
the initial event in EH is a genetic alteration, and 
eventually it separates two events: mutational acti-
vation and estrogenic stimulation [7]. The EIN sys-
tem has not gained widespread acceptance, most 
likely due to cost and/or lack of experience with the 
computerized D-scoring component [3, 4].

Comparison Between WHO and EIN 
Classification: Although EIN classification cate-
gories do not correspond directly to particular cat-
egories in the WHO 1994 classification, there is 
some distinguishable overlap [7, 25]. The EIN 
classification may better arrange the distorted cel-
lular architecture and nuclear characteristics, but 
adequate comparative studies are lacking. The 
WHO classification is more widely used. The risk 
of progression to endometrial carcinoma using the 
WHO and EIN classification was found to be simi-
lar [4, 11, 22]. Lesions that cause glandular over-

activity (such as decidua basalis or polyps) can be 
confused with both the WHO (i.e., as EH) and EIN 
(i.e., as EIN) classifications. Due to sampling 
errors with endometrial biopsy (EB) specimens 
and the uncertain natural history of endometrial 
precursors, it is difficult for any classification to 
have both high sensitivity and specificity [22].

3.5  Clinical Presentation

Women with EH are diagnosed by EB performed 
for AUB including menorrhagia, intermenstrual 
bleeding, irregular bleeding on HRT or tamoxi-
fen, and postmenopausal bleeding (PMB). 
Consequently, it is the most common symptom 
for EH. It is common in perimenopausal, in early 
postmenopausal, or with increasing age in pre-
menopausal women. EH accounts for approxi-
mately 15% of women with PMB [2, 12]. In 
asymptomatic women, EH is detected acciden-
tally, when workup is done for prolonged HRT 
use or cervical cytology demonstrating endome-
trial/abnormal glandular cells. The age at presen-
tation relies on the source of excess estrogen. EH 
secondary to anovulation at menarche is uncom-
mon and easily reversible [3, 4].

3.6  Diagnostic and Surveillance 
Methods

Management of EIN requires its accurate diagnosis 
and exclusion of coexistent carcinoma [11]. 
Women with symptoms suspicious for EH are eval-
uated at first with physical examination. Diagnosis 
of EH by cytology is generally unsatisfactory [10].

Histopathological Diagnosis: Diagnosis of EH 
needs histological confirmation of the endome-
trial tissue obtained by different techniques which 
include office EB, D&C, and directed EB by hys-
teroscopy. Other investigations include transvagi-
nal sonography (TVS) and saline  infusion 
sonography [2, 31]. Apart from diagnosis, endo-
metrial sampling is also required in monitoring 
regression, persistence, or progression [13].
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Office EB technique is usually performed 
using the several commercially available devices 
(e.g., Pipelle, Vabra aspirator, Gyno Sampler) 
and is convenient and safe and has high accuracy 
for diagnosing EH or EC. It has replaced the pro-
cedure of D&C for the diagnosis of EH or EC [3, 
32]. Despite a negative biopsy result, 2% of 
women will still have EH [2, 3, 13]. Mass lesions 
that encroach on the uterine cavity, for example, 
polyps or uterine fibroids, may divert Pipelle, 
which is flexible, preventing sufficient evaluation 
of the endometrial cavity. In this situation, EB 
may be performed by a rigid curette during D&C 
[11]. Office EB can cause some discomfort, and 
in approximately 8% of patients, it is not possible 
to perform due to stenotic cervical os [20]. Both 
Pipelle and D&C are blind sampling techniques 
and are not representative of the entire endome-
trial cavity [2]. If hysterectomy is planned for the 
woman for any reason, then the method of sam-
pling is less important. The accuracy of D&C 
compared with Pipelle EB in diagnosing a EH, 
and excluding concurrent EC, is not clear. Both 
have been reported to have equal rates of cancer 
detection in patients with AUB [2, 11]. In one 
meta-analysis, EB with Pipelle was found to be 
superior to other sampling techniques in the 
detection of EC and atypical hyperplasia [32].

Diagnostic hysteroscopy is used to examine the 
entire surface of the endometrium and biopsy sus-

picious or focal lesions under direct visualization 
(Figs. 3.8, 3.9, and 3.10). It is especially important 
when an outpatient sampling fails or is inconclu-
sive, if abnormal bleeding persists or if intrauter-
ine structural abnormalities such as polyps or other 
discrete focal lesions are suspected on TVS [2, 13, 
33]. Office hysteroscopy is conducted in the out-
patient setting using miniature hysteroscope and 
without the requirement of anesthesia or vaginal Fig. 3.8 Normal endometrium on hysteroscopy

Fig. 3.9 Endometrial hyperplasia on hysteroscopy

Fig. 3.10 Hysteroscopy demonstrating endometrial 
polyp in the background of atrophic endometrium in 
woman on tamoxifen
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instrumentation. Hysteroscopy is more precise in 
detecting than excluding endometrial lesions and 
has a higher precision for EC than EH [13].

Hysteroscopy with targeted biopsy or D&C 
compared to hysteroscopy performed alone has 
very good sensitivity and specificity for detecting 
EH. The combination of hysteroscopy with D&C 
or EB is considered to be a superior diagnostic 
tool compared with hysteroscopy, D&C, or EB 
performed alone [2].

Practical aspects of diagnosis: Problem in 
reproducibility of detection of atypical hyperpla-
sia: Diagnostic reproducibility is limited by the 
size of the lesion, inadequate sample, poor quality 
of fixation, processing, and staining of tissues [5, 
6]. Current diagnostic strategy should include 
evaluation of sample adequacy, as is recommended 
for evaluating cervical cytology [5, 9, 11]. There is 
need to apply multiple diagnostic criteria, and due 
to imperfect sampling, only few of them may be 
present in a given specimen. In short, sample or 
lesion size may be a factor responsible for inaccu-
rate assessment of risk  [11]. It is important to 
remember that atypical hyperplasia is frequently 
associated with concomitant adenocarcinoma and 
low level of reproducibility associated with the 
diagnosis of atypical hyperplasia in EB [6].

Awareness of the artefactual changes generated 
by EB is necessary to ensure that EH is not overdi-
agnosed [15]. When the woman is on exogenous 
progestin, it is better to perform EB after with-
drawal of hormones. If EB specimen is compro-
mised by sampling errors or regenerative epithelial 
changes, either instant additional EB is done or 
regular follow-up with repeat EB is done after 
6 months to detect the presence of pathology in the 
endometrium. Pathologists must develop their own 
approach to differentiate between proliferative 
endometrium and EH especially in women with 
anovulation or unopposed estrogen exposure [29].

An important issue is the availability of a 
pathologist experienced in gynecological pathol-
ogy. As mentioned, there are a range of abnor-
malities seen in hyperplastic endometrium, and 
differentiation between them can be quite diffi-
cult. Only those with frequent exposure to such 
specimens are likely to be skilled in interpreting 
these lesions [9].

Ultrasonography: TVS, a noninvasive diagnos-
tic method, is of proven value for evaluation of 
endometrial thickness (ET) and contour as a part 
of investigation for PMB [2, 34] (Figs. 3.11 and 
3.12). It can detect an irregularity of the endome-
trium or an abnormal double-layer ET measure-
ment. These findings will guide the clinician to 
determine which women should undergo EB with 
PMB [13, 33]. Meta-analysis of 5892 symptom-
atic women with PMB in 35 published studies 
demonstrated that an ET of 5 mm or more identi-
fied 95% of those with EH and EC. In contrast, 
among them, a woman with an ET of less than 
4  mm only had a 1% probability of EC.  This 
 cutoff did not differ remarkably between women 
with and without HRT [2, 9, 11, 34]. However, 
other systematic reviews have recommended a 

Fig. 3.11 Endometrial hyperplasia as imaged by trans-
vaginal sonography in postmenopausal woman. 
Endometrial thickness 13.6 mm

Fig. 3.12 Thickened endometrium as imaged by transab-
dominal sonography in unmarried patient on tamoxifen 
(longitudinal view). Endometrial thickness 27 mm
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cutoff of 3 mm or 4 mm to rule out EC. By using 
this cutoff value, the probability of diagnosis of 
EC is reduced to less than 1%. A larger cutoff 
value has been recommended for women on HRT 
or tamoxifen presenting with AUB or asymptom-
atic woman with thickened endometrium on TVS 
[13]. ET more than 1 cm on TVS in postmeno-
pausal women is associated with an increased 
risk of EC [34]. Overall, assessment of endome-
trial thickness on TVS is of value in mainly post-
menopausal women as there are no cutoff values 
for endometrial thickness in premenopausal 
women in whom normal ET can be similar to that 
with EC [11]. The role of ultrasonography (USG) 
in premenopausal women is restricted to identi-
fying structural abnormalities, as there appears to 
be an overlap between normal ET and that caused 
by endometrial disease. Royal College of 
Obstetricians and Gynaecologists (RCOG) guid-
ance recommends TVS for women with polycys-
tic ovarian syndrome (PCOS) or AUB.  In a 
woman with PCOS, possibility of EH is less 
likely if ET is less than 7 mm [13]. It is recom-
mended that both TVS and saline infusion sonog-
raphy should be performed simultaneously with 
EB [2]. Occasionally a palpable adnexal mass 
with solid features on USG should raise the pos-
sibility of a coexistent granulosa cell tumor. It is 
responsible for EH in 40% of cases due to exces-
sive estrogen production [12, 13].

To summarize, a woman with risk factors for 
EC and with ET more than 5  mm after meno-
pause should undergo EB.  However, routine 
screening for women at high risk of EH has not 
proven successful or cost-effective except for all 
Lynch syndrome mutation carriers where annual 
EB is recommended by National Comprehensive 
Cancer Network (NCCN) guidelines. An inade-
quate EB is an indication for further investiga-
tion. Even if an office EB is adequate and reported 
as negative, additional evaluation with TVS and/
or D&C/hysteroscopy should be done if symp-
toms persist or recur [2, 13].

Computerized tomography (CT) and 
diffusion- weighted magnetic resonance imaging 
(MRI) in the diagnosis and management of EH 
are not commonly used. There are no studies 

evaluating use of CT scan for follow-up of a 
woman with EH treated conservatively. CT scan 
is an expensive test and is not routinely advo-
cated because of the radiation exposure associ-
ated with it. Diffusion-weighted MRI has the 
future potential to diagnose EH and other endo-
metrial lesions. It may be a useful imaging for 
follow-up of a woman with atypical hyperplasia 
as a predictor for malignant change, but more 
evidence is needed [13].

Immunohistochemical Biomarkers: Prediction 
of cases which will progress to EC can increase 
with the use of several immunohistochemical 
biomarkers. In some instances, such as for 
women with hereditary nonpolyposis colon can-
cer, biomarker may have a role in diagnosis. To 
date, not a single biomarker is found to merit its 
clinical utility [2, 11, 13].

3.7  Differential Diagnosis

The differential diagnosis of EH includes other 
conditions that present with AUB. Confirmation 
of the source of bleeding is the most important 
step in evaluation of women with AUB, and 
bleeding from any other part of the genital tract, 
anus, or rectum should be excluded. In women 
with abnormal cervical cytology, the differential 
diagnosis includes benign endometrial and cervi-
cal neoplasia [4].

Even at the level of histopathology, it has to be 
differentiated from atrophic or weakly prolifera-
tive endometrium with the architecture of 
 hyperplasia, endometrial metaplasia, and EH 
with superimposed secretory changes well- 
differentiated adenocarcinoma [15, 20, 35].

3.8  Management Options

The choice of management for the woman with 
EH is determined mainly by woman’s age, health, 
desire for fertility, as well as the risk factor for 
progression to EC and the type of EH [1, 9, 33, 
36]. Nuclear atypia is the main factor, and older 
age, obesity, and ovulatory dysfunction are 
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 additional risk factors in determining the risk for 
coexistent or progression to EC [4, 37]. EH with-
out atypia is usually treated with hormone ther-
apy. Younger women who desire fertility can be 
treated by medical management, regardless of the 
type of EH [1]. However, perimenopausal and 
postmenopausal women having EH with atypia 
or symptomatic women having EH without 
atypia are treated by surgical management unless 
contraindicated. Regardless of the type of EH, 
the woman with risk factors for recurrence or 
progression to EC requires active management 
and surveillance [1, 9, 30].

All management options should be accompa-
nied by removal of the exogenous or endogenous 
source of estrogen exposure as it is the main fac-
tor contributing to EH. This may be done by dis-
continuation of ERT without progestin, treatment 
of ovulatory dysfunction (e.g., PCOS or hyperp-
rolactinemia), weight loss in obese women, or 
even by removal of estrogen-producing tumor 
(e.g., granulosa cell tumor) [37].

3.8.1  Observation

In the woman with EH without atypia, spontane-
ous regression usually occurs during follow-up, 
and the risk of progression to EC is less than 5% 
over 20 years [1]. Observation alone can be con-
sidered if the risk for coexistent or progression to 
EC is low and reversible risk factors are identified 
and treated. The slow progression of EH without 
atypia to EC offers a window of opportunity to 
manage these reversible risk factors [1, 12].

Anovulatory cycles can lead to EH especially 
in a woman with PCOS or in a premenopausal 
woman. Once a woman with PCOS resumes ovu-
lation or perimenopausal woman reaches meno-
pause, regression of EH occurs. A detailed history 
regarding the use of exogenous hormones (e.g., 
long-term use of HRT, unopposed ERT without 
progestin) should be elicited. The indication and 
type of HRT should be reviewed especially in 
relation to dose and mode of administration. 
Change in the dosage of HRT or discontinuation 
is often sufficient to induce regression of EH 
without atypia. The woman on tamoxifen treat-

ment, who developed EH, should be reviewed 
regarding continuation or change of medicine in 
conjunction with her treating oncologist. A base-
line USG is indicated which also helps to rule out 
estrogen-secreting granulosa cell tumor of the 
ovary [1, 37].

However, the woman should be informed that 
the treatment with progestogen has higher rates 
of regression of EH compared with observation 
alone. When a woman with EH fails to regress 
following observation alone for 12 months, pro-
gestogen treatment is required. Observation 
alone in the symptomatic woman with AUB is 
rarely advised [1, 12, 13]. In view of a high spon-
taneous regression rate and a very low rate of 
progression to more severe disease, it is uncertain 
whether medical management is appropriate for 
all women with EH without atypia [1].

3.8.2  Medical Management

Hormonal therapy used in the management of EH 
includes progestins, selective estrogen receptor 
modulators, aromatase inhibitors, sulfatase 
inhibitors, gonadotropin-releasing hormone 
(GnRH) antagonists, synthetic androgen (dan-
azol), metformin, and protein-tyrosine kinases 
inhibitor (genistein) [1, 11] (Table 3.2).

3.8.2.1  Progestin Therapy
Progestins, which are synthetic progestogens 
mimicking natural progesterone, are used most 
frequently to induce regression of endometrial 
hyperplasia in women with EH without atypia, 
those who desire fertility, those who refuse sur-
gery, or those who have contraindications to sur-
gery due to significant medical comorbidities [1, 
11, 19]. Therapeutic aims of progestin therapy are 
complete regression of EH, return to normal endo-
metrial function, and the prevention of EC [11].

Progesterone brings about secretory changes 
in the normal endometrium. It produces these 
effects by increasing the catabolism of estrogen 
receptors and increasing the activity of enzymes 
17-b-hydroxysteroid dehydrogenase and sulfo-
transferase thereby decreasing estrogen levels [1, 
19]. It causes apoptosis leading to decreased 
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glandularity and inhibits angiogenesis in the 
myometrium. Eventually, this causes sloughing 
and thinning of the endometrium [1, 11].

Contraindications to progestin therapy include 
current or past history of thromboembolic disor-
ders/stroke, severe liver dysfunction, known or sus-
pected malignancy of progesterone receptor 
(PR)-positive breast cancer, vaginal bleeding of 
unknown etiology, pregnancy, and known allergic 
reaction to progestins [37]. Various routes of admin-
istration can be used – oral, intramuscular, and vagi-
nal routes or through intrauterine devices [1].

Unfortunately, optimal progestin regimen and 
duration have not been investigated, and posttreat-
ment long-term follow-up has not been reported 
adequately [20, 38]. Sixty-one percent of women 
on estrogen-only replacement therapy and atypical 
hyperplasia responded to progestin therapy and 
were cured [1]. The response to progestin therapy 
usually begins at 10  weeks and is complete by 
6 months. Cyclic progestin has a low regression rate 
for EH, compared to continuous oral progestin or 
LNG-IUD [12, 13, 39]. Prognostic factors include 
low gland-to-stroma ratio, low mitotic activity,  loss 
of cytologic atypia and other changes in histology, 
cytoplasm or architecture [11]. Progestins used and 
their dosages are shown in Table 3.3.

 a. Megestrol acetate (MA)—It is a steroidal pro-
gestin and is effective in EH because of its 

progesterone-like and antigonadotropic 
effects [1]. It is considered a “chemotherapeu-
tic agent” but best classified as a strong pro-
gestin. Dosages vary between 160 and 
320  mg/day. At these doses, the beneficial 
effects on endometrium are maximum with 
minimal effects on blood glucose levels or 
lipid profile [1].

 b. Medroxyprogesterone acetate (MPA)—It is a 
synthetic steroidal progestin commonly used 
in hormone replacement therapy in postmeno-
pausal women in whom its use helps in 
 prevention of EH. The dose commonly given 

Table 3.2 Drugs used in medical management of endometrial hyperplasia

Type of therapy Routes of administration
Progestin therapy
  Megestrol acetate Oral
  Medroxyprogesterone acetate Oral/injection
  Norethisterone acetate Oral
  Micronized progesterone Oral/vaginal pessary
  Levonorgestrel Oral/implant/intrauterine insert (IUD)
Therapy other than progestin
  Aromatase inhibitor Oral
  Metformin Oral
  GnRH therapy Injection/implant/nasal spray
  Danazol Oral
  Genistein Oral
Combination therapy
  Megestrol acetate + metformin Oral
  LNG-IUD + metformin IUD + oral
  LNG-IUD + GnRh agonist IUD + injection/implant/nasal spray

Table 3.3 Different types of progestin therapy for treat-
ment of endometrial hyperplasia [1, 11, 37]

Type of progestin Dose
Megestrol acetate 40–200 mg daily in 

divided doses or
10 mg × 14 days/month

Medroxyprogesterone 
acetate

10–20 mg daily or
10–20 mg × 14 days/
month

Depot 
medroxyprogesterone 
acetate

150 mg intramuscularly 
every 3 months

Micronized vaginal 
progesterone

100–200 mg daily or
100–200 mg × 14 days/
month

Levonorgestrel IUD 20 μg/day × 1–5 years
Norethisterone acetate 15 mg daily
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is 10  mg/day continuously for 6  weeks or 
2 weeks/month for 3 months (safer and more 
acceptable than continuous therapy). If the 
response is not complete, the therapy can be 
continued for the next 3 months [1].

 c. Norethindrone acetate/norethisterone acetate 
(NETA)—It is a synthetic, orally active steroi-
dal progestin with antiandrogenic and anties-
trogenic effects. It has been shown to reduce 
EH in postmenopausal women on HRT [1, 
37]. The recommended dosage is 15 mg/day.

 d. Micronized progesterone—It is a relatively 
weak progesterone and usually not recom-
mended for first-line treatment of EH. In doses 
of 200–300  mg daily, it is reserved only for 
women who are at low risk for progression and 
cannot tolerate stronger synthetic progestins or 
refuse levonorgestrel intrauterine device 
(LNG-IUD). Till date, there are no studies on 
the use of vaginal micronized progesterone for 
the treatment of EH.  Theoretically, it can be 
used as maintenance treatment, as high endo-
metrial concentrations may be gained due to 
local effects [37].

 e. Levonorgestrel (LNG)—It is a second- 
generation progestin (synthetic progestogen) 
and the intrauterine device containing LNG is 
an attractive option for managing EH.  It 
releases a constant amount of LNG inside the 
uterus and effectively opposes the estrogenic 
effect [1, 11, 40]. The LNG 52/5 starts with an 
initial dose of 20 mcg/day, and by 5 years the 
daily dose is approximately 10 mcg/day [37]. 
The LNG-IUD initially results in irregular 
bleeding as with other progestin-only therapy, 
but eventually, most women become amenor-
rheic or have light tolerable bleeding. For the 
best outcomes, medical treatment of EH 
should require LNG-IUD use for up to 5 years 
[12, 13, 39]. LNG-IUD is also available in 
lower daily doses (13.5, 17.5, and 18.6 mcg/
day) and varies from 3- to 5-year formula-
tions, but these have not been studied in 
women with EH to determine whether the 
lower progestin dose is as effective as the LNg 
52/5 [37].

Comparison of oral progestins with LNG- 
IUD—LNG-IUD has high intrauterine but 

low systemic levels of progestin. Therefore, it 
has an effect on the endometrium several 
times stronger without causing side effects 
such as breast tenderness, mood changes, and 
weight gain. In addition to higher efficacy, it 
offers long-acting contraception, does not 
require daily dosing, and is better tolerated 
when compared to oral progestins [11, 39, 
41]. Other limitations of LNG-IUD are a 1 in 
1000 uterine perforation risk and invasive 
placement in the uterus [39]. There is no sig-
nificant difference in rates of irregular vaginal 
bleeding with the LNg 52/5 compared with 
oral progestins [37].

Oral progestins are preferred over LNG- 
IUD in women who refuse or cannot tolerate 
an IUD because of side effects (e.g., dysmen-
orrhea), women with uterine factors that make 
placement or retention of an IUD difficult 
(e.g., severe distortion of the uterine cavity 
due to fibroids or congenital anomaly), and 
women who plan to conceive as soon as a 
complete therapeutic response is achieved. 
Progestins are contraindicated in pregnancy, 
and the patient can stop an oral medication 
without requiring a clinician to remove the 
device, as with an IUD [37].

 f. Progestin injections and implants—Depot 
medroxyprogesterone acetate (DMPA) is a 
long-acting progestin, provides contraception, 
and requires only four injections per year. It 
has not been well studied for the treatment of 
EH.  In one study, the intramuscular DMPA 
(150  mg every 3  months) was found to be 
more successful than NETA (15 mg daily for 
14 days/cycle) in the treatment of nonatypical 
EH. Regarding side effects, nausea and breast 
discomfort were more with NETA, while 
amenorrhea was more with DMPA [37].

  Common side effects of progestins include 
weight gain, headache, nausea, vomiting, 
menstrual irregularities, and sometimes hyper-
tension and depression. The incidence of 
venous thrombosis and embolism may also be 
slightly increased [1, 9, 20]. In addition to sys-
temic side effects, oral progestins are associ-
ated with poor compliance that may limit its 
overall efficacy [41]. Bothersome side effects 
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may require an adjustment in dose or a switch 
to a different progestin therapy. For women on 
systemic progestins, change over to the LNG- 
IUD can be considered [37].

  Almost 12–53% women with EH fail to 
respond to progestin therapy [1, 11]. Response 
to progestins depends not only on patient’s age 
and the type and grade of hyperplasia but also 
the number of PR and activity of co-activators 
and co-repressors, insulin resistance, and 
altered activity of TGF-α and EGFR in endo-
metrial glandular cells [1]. Rarely, resistance to 
progestin therapy could be a result of paracrine 
effects. The histologic response of the glands of 
atypical EH/EIN is strongly coupled to the 
decidual response in the stroma, so the possibil-
ity of a paracrine effect is convincing [11]. 
Hence, regular follow-up and EB are recom-
mended for patients while on progestin therapy 
[1]. Recently, the role of HE4 as a novel tissue 
marker for predicting therapy response and 
progestin resistance in EH has been studied and 
proved to be effective in it [42].

3.8.2.2  Therapy Other than Progestins
 a. Ovulation induction—In the reproductive-age 

group, ovulation induction done with clomi-
phene or aromatase inhibitors will lead to cor-
pus luteum formation, exposure to endogenous 
progesterone, and resolution of EH in some 
women. Pregnancy is highly unexpected in the 
setting of ongoing EH. Careful surveillance is 
needed to confirm EH regression. This 
approach is recommended for women with EH 
without atypia who desire pregnancy [37].

 b. Metformin—EH is associated with obesity, 
metabolic syndrome, PCOS, insulin resis-
tance, and type II diabetes which directly have 
a mitogen effect on the endometrium. 
Metformin (N,N-dimethylbiguanide) is a big-
uanide and decreases gluconeogenesis in the 
liver which in turn decreases insulin resistance 
[41]. Long-term progestin therapy causes 
decreased level of progesterone receptors. 
Metformin induces PR expression in endome-
trial cells which helps to overcome resistance 
to progestin therapy [1]. Metformin is also 

especially helpful in obese women in whom it 
helps to decrease weight and thereby causes 
decrease in peripheral conversion of androgen 
to estrogen and better response to progestins 
[1, 38, 41]. Metformin is now being studied in 
combination with LNG-IUD and MA [1, 39].

 c. GnRH therapy—GnRH agonists inhibit estro-
gen by inhibiting the hypothalamic pituitary 
ovarian axis thereby exerting antiproliferative 
effect on the endometrial cells. Women with 
EH, both with and without atypia, can be given 
GnRH at a dose of 1 ampule/3.75  mg intra-
muscularly monthly for 6 months [1, 9]. In a 
study using GnRH and tibolone (a synthetic 
steroid with both estrogenic and progestagenic 
effects) for treatment of EH, it was seen that 
though a complete response was seen in all 
patients, recurrence occurred within 2 years in 
19% after cessation of therapy [1]. In another 
study, GnRH agonists and LNG-IUD were 
used in combination with a release rate of 19.5 
mcg/day for 5 years (Mirena; LNg52/5) to suc-
cessfully treat 24 premenopausal women with 
either atypical EH or early-stage EC [37].

 d. Danazol—It is a synthetic androgen which 
causes atrophy of the endometrium through its 
ability to produce a hypoestrogenic and 
hypoandrogenic state [1, 9, 36]. It has been 
proven to be effective in treatment of EH with 
a relapse rate of approximately 8 to 9% [1, 9]. 
The side effects of oral danazol (weight gain, 
acne, hirsutism, and muscle cramps) are the 
limiting factors in its use for EH which can be 
curtailed to some extent by using danazol- 
containing IUD [1, 37].

 e. Genistein—It is an isoflavonoid extracted 
from soy products. It decreases estrogen level 
by inhibiting protein-tyrosine kinases and 
topoisomerase-II.  It has still not been estab-
lished for management of EH till the time 
more clinical trials are conducted [1].

3.8.3  Surgical Management

Currently, surgical options include hysterectomy 
with or without bilateral salpingo-oophorectomy 
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(BSO) by abdominal, vaginal, and minimally 
invasive procedures (such as laparoscopic or 
robotic approach). Total extrafascial hysterec-
tomy is the procedure of choice providing a 
definitive assessment of a coexistent EC and 
effectively treating EH. Supracervical hysterec-
tomy is unacceptable due the potential for local 
extension of endometrial neoplasia into the cer-
vix and hence risk of leaving behind residual dis-
ease [11, 13]. Morcellation of the uterus should 
be avoided due to risk of dissemination of coex-
istent EC [13]. Disadvantages of vaginal hyster-
ectomy include technical difficulty in removing 
the ovaries and comprehensive surgical staging, 
if required, is not feasible [11]. During the hys-
terectomy, gross inspection in routine and frozen 
section especially in high-risk cases should be 
performed to evaluate for EC [37]. Discrepancy 
between the frozen-section interpretation of 
endometrial tissue and the final diagnosis based 
on permanent section is problematic. Despite 
preoperative endometrial sampling and intraop-
erative evaluation, some women with atypical 
EH will have EC detected only on final pathol-
ogy evaluation [13, 37]. Regardless of surgical 
approach, women with high-risk factors should 
be explained regarding the need for additional 
staging surgery if an EC is identified. Following 
a total hysterectomy, if there is no EC in the 
specimen, no further surveillance for EH is 
 necessary [11].

For women undergoing hysterectomy as treat-
ment for atypical EH, the choice of bilateral BSO 
should be decided after weighing the risk of pre-
mature menopause and potential risks of oopho-
rectomy versus the risk of a second surgery if EC 
is found postoperatively. Some women may prefer 
to undergo bilateral salpingectomy alone instead 
of oophorectomy, for possible prevention of ovar-
ian, fallopian tubal, or peritoneal cancer (level 3 or 
4 evidence) [11, 13]. Endometrial ablation using 
thermal or electric cautery device is not recom-
mended for the treatment of atypical EH/EIN. No 
methods are available to confirm the completeness 
of ablation. Moreover, because of subsequent 
adhesions, the cavity may be partly inaccessible 
for surveillance after ablation [11, 13].

3.9  Management Algorithm 
According to the Type 
of Endometrial Hyperplasia 
(Fig. 3.13)

3.9.1  Woman with EH Without 
Atypia

Premenopausal women—The initial step in the 
management of EH is the identification of risk 
factors and removal of the exogenous and endog-
enous source of unopposed estrogen. The pre-
menopausal woman with EH without atypia can 
be managed with observation or low-dose pro-
gestins for 3–6  months. Hysterectomy can be 
considered in women aged >40 years [1, 37].

Options for progestin therapy are oral proges-
tins, LNG-IUD, or combined estrogen and pro-
gestin oral contraceptives (OCs). Choice of 
therapy is also according to the need for contra-
ception of patient since many oral progestins do 
not provide it [37].

If there is a good response after progestin ther-
apy, i.e., menstrual pattern has normalized, annual 
EB is advised [1, 17]. EB can be performed even 
with IUD in place [1, 33]. Some authors prefer 
waiting for a withdrawal bleed before EB, while 
others perform EB while the patient is on proges-
tin therapy. The rationale behind this dilemma is 
the decidual reaction that occurs with progestin 
therapy making it more difficult to interpret 
pathologic findings [29, 37]. If the bleeding pat-
tern does not normalize, high dose of progestins 
can be considered after performing repeat EB. If 
office EB demonstrates abnormal report, D&C or 
hysteroscopy-directed biopsy is mandatory to rule 
out coexistent EC or more severe EH.  It was 
reported that the median time to complete 
response of EH to progestin was 6  months [1]. 
The best plan for follow-up is undetermined. 
Follow-up schedules should be individualized. In 
women with high risk for EH relapse, persistence, 
or progression, long-term annual follow-up is rec-
ommended [12, 13]. If repeat EB shows atypical 
EH or persistent EH without atypia despite high 
progestins or if symptoms persist, hysterectomy 
can be considered [1, 13].
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Postmenopausal women—Hysterectomy is 
usually recommended in the postmenopausal 
woman with EH without atypia, especially with 
risk factors for EC or with contraindications to 
progestin therapy. If there are contraindications 
to surgery or patient refuses surgery, progestin 
alone is recommended. OCs are not preferable as 
these women do not need contraception and also 
to avoid unnecessary exposure to estrogen [1, 
37]. If regression to normal endometrium does 
not occur after 6 months of progestin therapy, the 
patient may be treated with higher dose of oral 
progestin or combination of LNG-IUD and oral 
progestin after excluding atypical EH or coexis-
tent EC by EB (D&C/hysteroscopy). In the set-
ting of persistent EH, hysterectomy is the 
standard treatment approach [1, 37].

3.9.2  Women with Atypical 
Hyperplasia/EIN

Women with atypical hyperplasia have a high 
risk of coexistent EC or progression to 
EC. Hysterectomy is curative and the treatment 
of choice in majority of women who have com-
pleted childbearing, do not desire preservation of 
their fertility, or do not respond to hormone 
 therapy [11, 13]. If diagnosis of atypical EH is 
made by office EB, further evaluation with D&C/
hysteroscopy is recommended to exclude 
 coexistent EC [37].

Women who desire fertility or have contrain-
dication to surgery—Women with atypical EH 
who desire fertility or have contraindication to 
surgery can be treated with progestin therapy. 

Contraindication
to surgery/ Refuses

surgery

Low dose
progestins

No response

No response

Hysterectomy

High dose
progestins

Pre
Menopausal

Address
risk factors

Observation Low dose
progestins

Good response

Annual EB

No response

No response

Hysterectomy

High dose
progestins

Hysterectomy
(if age > 40 years)

Hysterectomy

Post
Menopausal

EH without atypia EH with atypia/EIN

Desires Fertility

Hysterectomy

No response Good response

Hysterectomy Annual EB

High dose
progestins

Pre Menopausal / Post
Menopausal

Abnormal Uterine Bleeding

Clinical Examination
TVS

EB(Office /D&C/Hysteroscopy)

Fig. 3.13 Management algorithm for endometrial hyperplasia
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Women should be extensively counseled regard-
ing the risks including a lack of response or 
even progression or coexistent EC during hor-
monal therapy. These discussions and patient 
understanding should be reflected in informed 
consent. Compliance with medical therapy and 
adequate and regular follow-up with EB are a 
prerequisite for medical management [13, 33]. 
Management is planned after reviewing clinical 
evaluation, histology, and imaging in multidis-
ciplinary meeting. LNG-IUD is preferred, as it 
is easy to comply with, is well tolerated, and has 
a regression rate to normal endometrium in 
about 90% of cases. Among oral progestins, 
megestrol acetate is preferred for management 
of atypical EH in dose of 80 to 160 mg twice per 
day. It is more potent than MPA. Median time 
for regression of atypical EH to normal endo-
metrium on progestin therapy is usually 6 to 
9  months. If no EH is detected on subsequent 
EB, a woman can be allowed to consider for 
natural conception. A decision for assisted 
reproduction immediately after stopping of pro-
gestogen treatment should be made with consul-
tation of a multidisciplinary team weighing 
between risks of disease progression and fertil-
ity prospects. In women with atypical EH, hys-
terectomy should be recommended once fertility 
is no longer required because of the high rates 
of EH recurrence and the potential for EH pro-
gression [13]. If there is persistent atypical EH 
or coexistent EC on subsequent EB, hysterec-
tomy is recommended regardless of fertility 
issue [13, 36].

3.9.3  Special Issues

Use of HRT in women with endometrial hyper-
plasia: In women with EH on a sequential HRT, 
change to continuous combined HRT or LNG- 
IUD is recommended. In women with EH on 
continuous combined HRT, review of need of 
HRT or replacement with LNG-IUD is recom-
mended [13].

Management of endometrial hyperplasia with 
ongoing tamoxifen use for breast cancer treat-
ment: Women should be informed about increased 
risk of EH and EC with tamoxifen use and coun-
seled for prompt reporting of AUB. In the pres-
ence of EH, use of tamoxifen is reassessed in 
consultation with medical oncologist and alterna-
tive drug is sought. Aromatase inhibitors are 
studied as an alternative treatment option without 
increasing the risk of EH and EC. Prophylactic 
progestin therapy is not recommended in women 
on tamoxifen [13].

3.10  Prevention of Endometrial 
Hyperplasia

In women with AUB, it is appropriate to evaluate 
woman past their fourth decade of life. Women 
with an intact uterus should never be prescribed 
ERT as this increases the risk of EC. For women 
on exogenous estrogens, addition of progestin 
may prevent EH. Another preventive measure is 
periodic treatment with a progestin to produce 
scheduled withdrawal bleeding in the amenor-
rhoeic or hypermenorrheic perimenopausal 
women with fluctuating levels of estrogen [27].

Key Points
• A thorough history (age at menarche and 

menopause, parity, history of infertility, his-
tory of dose and duration of HRT and tamoxi-
fen therapy, and family history of uterine or 
colon cancer) and complete pelvic examina-
tion are the key aspects for evaluation of EH.

• The classifications commonly used for endo-
metrial hyperplasia are WHO and EIN 
classification.

• In the woman with EH without atypia, sponta-
neous regression usually occurs during fol-
low- up and the risk of progression to EC is 
less than 5% over 20 years.

• The presence of cellular atypia carries highest 
chance of persistence, recurrence, and pro-
gression to EC or coexistent EC.
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• Routine screening for women at high risk of 
EH has not proven to be successful or cost- 
effective except for Lynch syndrome mutation 
carriers.

• Histological examination by an experienced 
gynecological pathologist is essential to dis-
tinguish between different types of EH that 
are managed differently.

• In younger women with a desire to retain fer-
tility, medical treatment with progestins is 
appropriate, while in older women especially 
with atypical hyperplasia, hysterectomy is the 
treatment of choice.
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Hereditary Endometrial 
and Ovarian Cancers
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4.1  Introduction

The most common cancers affecting women all 
over the world are breast cancers, epithelial ovar-
ian cancers, and endometrial cancers, with large 
number of new cases being diagnosed every year. 
Ovarian cancer alone accounts for about 2.25 lac 
new cases diagnosed worldwide and around 1.54 
lac deaths every year mainly because ovarian 
cancers are diagnosed in advanced stages second-
ary to subtle or absent symptoms [1]. The origin 
and progression of cancer cells are secondary to 
genetic alterations resulting from either accumu-
lation of multiple somatic mutations or inheri-
tance of one or more germline mutations in 
various genes controlling cell growth, prolifera-
tion, and apoptosis. About 12% of all ovarian 
cancers and 5% of endometrial cancers are con-
sidered to be hereditary [2, 3]. Germline muta-
tions require multiple mutations at various gene 
loci for tumor genesis to occur. Hence, by identi-
fying the specific germline mutations associated 
with particular hereditary cancer syndromes, tar-
geted genetic diagnosis and therapies can be used 

to reduce morbidity and mortality associated 
with these malignancies.

Hereditary cancers are usually suspected in 
women who present with gynecological malig-
nancies at a relatively young age or with a family 
history of cancer, usually of a specific cancer 
syndrome, in two or more relatives. The presence 
of ovarian cancer in a single first-degree relative 
increases a woman’s chances of developing this 
disease by three- to fourfold [4]. Various studies 
have documented a relative risk of 1.2–2.8 for 
developing endometrial cancer, if it ever affected 
any first-degree relative [5–7]. The familial 
aggregation of cancers can be attributed to both 
genetic and environmental factors common 
within families, but genetic factors are thought to 
be more important [8].

4.2  Cancer Genetics

Two types of genes determine the origin and pro-
liferation of cancer cells. The first ones are the 
“gatekeeper genes” which control cellular prolif-
eration like various oncogenes and tumor sup-
pressor genes. The second ones are the “caretaker 
genes” which are mainly involved in DNA repair. 
On the genomic level, the pro-oncogenes may get 
converted to oncogenes following gain of func-
tional gene mutation; similarly, loss of functional 
gene mutations can inactivate tumor suppressor 
genes and hence can favor unchecked growth of 
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tumor cells. Various genetic and epigenetic 
changes can also cause activation of oncogenes 
or deactivation of tumor suppressor genes allow-
ing the cells to invade and metastasize, grow 
independently of growth factor support, and 
escape from antitumor immune responses. In all 
the developmental stages of genital malignan-
cies, genomic alterations like point mutations, 
gene amplification, gene deletions, and rear-
rangements have been identified [9].

4.2.1  Types of Genomic Alterations 
in Hereditary Ovarian 
and Endometrial Cancers

Amplification It refers to an increase in the num-
ber of copies of a gene resulting in increased 
amount of template DNA undergoing transcrip-
tion, thus leading to an overall increase in gene 
expression. Pro-oncogene overexpression fol-
lowing amplification is a relatively common 
event in various malignancies affecting women, 
e.g., overexpression of HER2/neu was demon-
strated in about 30% of breast cancers, 20% of 
advanced ovarian cancers, and as many as 50% of 
endometrial cancers [10].

Point Mutation It refers to an alteration of a 
codon sequence and subsequent disruption of the 
normal function of a gene product. The most 
common genetic mutations described in solid 
tumors is the p53 point mutation. The nonfunc-
tional normal p53 within a cancer cell results in 
uninhibited cell proliferation where the DNA 
damage repair mechanism is not effective leading 
to genetic instability. P53 gene has been found to 
be affected in approximately 50% of advanced 
ovarian cancers and 30–40% of endometrial can-
cers [11, 12]. Similarly, point mutations in the 
BRCA1 and BRCA2 genes, which mainly func-
tion as DNA repair genes, can cause accumula-
tion of genetically instable cells and predispose 
to genesis of breast and ovarian cancers [13]. 
Table 4.1 provides the list of various hereditary 
cancer syndromes associated with gynecological 
tumors.

4.3  Hereditary Endometrial 
Cancers

4.3.1  Hereditary Nonpolyposis 
Colorectal Cancer (HNPCC) 
Syndrome or Lynch Syndrome

Lynch syndrome has autosomal dominant trans-
mission and can lead to both ovarian and endo-
metrial cancer in the affected individual. It is 
caused by the germline mutation in one of the 
DNA mismatch repair (MMR) genes like MSH2, 
MSH3, MSH6, MLH1, and PMS2. This syn-
drome is associated with multiple malignancies, 
most common being colorectal cancers and 
 endometrial cancer followed by ovarian, renal, 

Table 4.1 Hereditary cancer syndromes associated with 
gynecological tumors

Hereditary 
syndrome

Gene 
mutation Tumor phenotype

Li-Fraumeni 
syndrome

TP53, 
CHEK2

Breast cancer, soft tissue 
sarcoma, adrenal cortical 
carcinoma, brain tumors

Cowden 
syndrome, 
Bannayan- 
Zonana 
syndrome

PTEN Breast cancer, hamartoma, 
glioma, endometrial 
cancer

Hereditary 
breast and 
ovarian cancer

BRCA1, 
BRCA2

Cancer of the breast, 
ovary, fallopian tube

Hereditary 
nonpolyposis 
colorectal 
cancer 
(HNPCC)

MLH1, 
MSH2, 
MSH3, 
MSH6, 
PMS2

Cancer of the colon, 
endometrium, ovary, 
stomach, small bowel, 
urinary tract

Multiple 
endocrine 
neoplasia type 
1

Menin Cancer of the thyroid, 
pancreas, and pituitary, 
ovarian carcinoid

Multiple 
endocrine 
neoplasia type 
2

RET Cancer of the thyroid and 
parathyroid, 
pheochromocytoma, 
ovarian carcinoid

Peutz-Jeghers 
syndrome

STK11 Gastrointestinal 
hamartomatous polyps; 
tumors of the stomach, 
duodenum, and colon; 
ovarian sex cord tumor 
with annular tubules 
(SCTAT)
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stomach, pancreas, small bowel, and brain 
 cancers [14]. Although colorectal cancer is con-
sidered as a primary cancer in Lynch syndrome, 
more than 50% of women in Lynch syndrome 
families present with malignancy of either the 
endometrium or ovaries [15–17]. The lifetime 
cumulative risk of endometrial cancers as discov-
ered by various authors in women with MMR 
gene mutations is listed in Table 4.2.

The lifetime risk of developing ovarian cancer 
in women with a germline MMR mutations is 
around 6.7% as estimated in European and 
American population [23], and the cumulative life-
time risk of ovarian cancer increases to 10% by the 
age of 70 in hMLH1 or hMSH2 mutation carriers 
[24]. In the general population, MMR gene muta-
tions are present in 2% of ovarian cancer irrespec-
tive of age [25, 26] and in 9% of endometrial 
cancer cases under 50 years of age [27, 28]. If a 
woman is diagnosed with endometrial cancer at 
<50 years of age along with a positive family his-
tory of Lynch syndrome-related cancers in the first-
degree relative, the chances of her being a carrier 
for MMR mutation is around 45%. In the presence 
of two or more first-degree relatives with endome-
trial cancer, MMR gene mutations can be present 
in 10% of women with such families [29]. Ovarian 
and endometrial cancers in Lynch syndrome are 
mostly endometrioid or clear cell type, which pres-
ent at an early stage and have relatively better 
prognosis in terms of stage-specific survival.

4.3.1.1  Screening Recommendations 
for Mutation Positive

Women with proven HNPCC genetic mutations 
are at high risk for developing endometrial can-
cer and must undergo genetic counseling in order 
to explain the associated risk, need for genetic 
testing in other family members (cascade test-
ing), and options for preventive surgeries. 
Evaluation of the endometrium by transvaginal 
sonography and endometrial sampling may be 
offered, starting from age 35 to 40 years for early 
detection [30]. Lynch syndrome is usually associ-
ated with endometrioid-type pathology, which 
has a relatively better prognosis, and presents at 
an early stage; thus, it has been argued that 
screening would not result in a survival advan-
tage for mutation-positive women. With respect 
to the prophylactic risk-reducing surgery in 
women with Lynch syndrome, proper recom-
mendations are missing, but in light of the associ-
ated high risk, total laparoscopic hysterectomy 
and bilateral salpingo-oophorectomy (TLH- 
BSO) may be planned in these women once they 
have completed their families [31].

For patients with HNPCC syndrome, who 
choose against risk-reducing surgery, the 
National Comprehensive Care Network (NCCN) 
recommends follow-up starting from the age of 
35 years, using transvaginal sonography and CA 
125 measurement every 6 months during the pro-
liferative phase of menstrual cycle. Screening for 
endometrial and ovarian cancer can also begin 
5–10 years earlier than the earliest age of diagno-
sis of genital cancer in the family.

4.3.1.2  Cowden Syndrome
Cowden syndrome is a rare disorder with autoso-
mal dominant transmission. This syndrome 
results secondary to the germline mutations in 
the PTEN tumor suppressor gene leading to the 
development of hamartomas and an increased 
risk of breast and non-medullary thyroid cancers. 
Cowden syndrome is found to be associated with 
increased chances of endometrial cancers (up to 
30% of affected women); thus, the revised crite-
ria for Cowden syndrome also include endome-
trial cancer as an important component cancer 

Table 4.2 Lifetime cumulative risk of endometrial can-
cer in women with Lynch syndrome

Study Gene defect
Cumulative 
lifetime risk (%)

Dunlop et al. [18] hMLM and 
hMSH2

42

Aarnio et al. [15] hMLH1 and 
hMSH2

60

Vasen et al. [19] hMLH1 and 
hMSH2

42 (hMLH1); 61 
(hMSH2)

Hendriks et al. 
[20]

hMLH1
hMSH2
hMSH6

27
40
71

Hampel et al. [21] hMLH1 and 
hMSH2

54

Baglietto et al. 
[22]

hMSH6 44
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and were supported by NCCN panel for research 
purpose and clinical practice until robust data is 
available to disapprove this association [32].

4.3.2  Hereditary Ovarian Cancers

4.3.2.1  Hereditary Breast and Ovarian 
Cancer (HBOC) Syndrome

BRCA1 and/or BRCA2 gene mutations are 
detected in a majority of families with history of 
four or more members affected by either breast or 
ovarian cancer as components of HBOC syn-
drome [33, 34]. Around 65–85% of hereditary 
ovarian tumors are because of germline muta-
tions in BRCA1/BRCA2 genes, which mainly 
function as DNA repair genes. The cumulative 
risk of ovarian cancer by age 70 is found to be 
44–63% in BRCA1 carriers and 27–31% in 
BRCA2 carriers as suggested by case-based stud-
ies, although a relatively lower risk was estimated 
in population-based studies (39% for BRCA1 
and 11% for BRCA2) which may be explained 
by the various lifestyle and environmental genetic 
modifiers that segregate the families (Table 4.3) 
[35, 36].

The ovarian tumors associated with BRCA1/2 
mutations are found to be either serous, mixed 
malignant mesodermal tumors or undifferentiated 
type with high genomic instability. A novel 
hypothesis proposes that these tumors mostly arise 
in the tubal fimbria from intraepithelial lesions 
also known as serous tubal intraepithelial carci-
noma (STIC). These abnormal cells may implant 
on the ovarian surface and the peritoneum. These 
hereditary ovarian cancers are  usually high-grade 

pelvic serous tumors, which are aggressive in 
nature and present at advanced stages [37, 38]. 
Another theory proposed by Kurman and Sama 
et  al. suggests that normal epithelium from the 
fimbria implants onto the ovarian surface during 
the process of ovulation and forms a cortical inclu-
sion cyst (CIC) where malignant transformation of 
ovarian epithelium occurs [37, 39].

4.3.2.2  Ovarian Cancers Associated 
with Mutations Other than 
BRCA1/2

Majority of the hereditary ovarian cancers are 
found to be associated with BRCA1 or BRCA2 
mutations, but more than 15% of these cancers 
are found to be secondary to genetic mutations 
other than BRCA genes, several of which still 
remain unknown [40]. Interestingly the clinico-
pathological features and behavior of non- 
BRCA- related tumors are also different from 
those associated with BRCA genes and TP53 
gene (Table 4.4).

Screening Recommendations
The United States Preventive Service Task Force 
(USPSTF) recommends genetic counseling and 

Table 4.3 Prevalence of BRCA1 and BRCA2 genes in 
women with family history of breast and ovarian cancers

Family history of breast and/or 
ovarian cancer

Prevalence of 
BRCA1 and/or 
BRCA2

Two or more first-degree 
relatives with ovarian cancer

37% and 9%

Three cases only of ovarian 
cancers

54% for BRCA1/2

Three or more cases of ovarian 
cancer and at least one case of 
breast cancer

81% for BRCA1/
BRCA2

Table 4.4 Types of hereditary ovarian cancers and their 
clinicopathological features

Type 1 Type 2
Prevalence 30% 70%
Histology Serous, 

endometrioid, 
mucinous, and 
clear cell tumors

Serous, mixed 
malignant 
mesodermal tumors, 
carcinosarcomas, and 
undifferentiated 
tumors

Grade Low and 
borderline

High

Mutations PTEN, KRAS, 
BRAF, PIK3CA, 
ERBB2, CTNNB1, 
ARID1A, 
PPPR2R1A, and 
microsatellite 
instability

TP53
BRCA1/2

Clinical 
behavior

Large cystic 
masses confined to 
the ovary with a 
relatively indolent 
course

Diagnosed at 
advanced stages and 
have aggressive 
behavior
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offering BRCA testing in women who have a 
family history suggestive of cancers associated 
with BRCA1 or BRCA2 gene mutations as elab-
orated in Table 4.5.

Evidence supports that BRCA1 and BRCA2 
mutation testing should be offered to every 
woman diagnosed with high-grade pelvic serous 
tumors (epithelial ovarian, fallopian tube, and 
primary peritoneal carcinoma), regardless of age 
and family history. This approach could be useful 
in offering cascade testing in close blood rela-
tives in whom there is a role of routine screening 
and risk-reducing surgeries [41].

Next-generation sequencing with multigene 
panels: It is important to identify these cancer 
susceptibility genes not only to prevent ovarian 
cancers in high-risk population but also to guide 
treatment. In women already affected with ovar-
ian cancer, genetic evaluation might help in 
 identifying potential targets for emerging thera-
pies like PARP (poly (ADP-ribose) polymerase) 
inhibitors in selected pathologies. Next- 
generation sequencing (NSG) offers a higher sen-
sitivity and specificity in analyzing multiple 
cancer susceptibility genes in a single setting. 
Various panels of multiple genes including 

known ovarian cancer-associated loci have been 
introduced to screen germline mutations, thus 
reducing the cost and delay and optimizing the 
molecular diagnosis of hereditary ovarian can-
cers [42–44]. Despite the abovementioned advan-
tages, geneticists and clinicians face challenges 
while interpreting and managing the results of 
these multigene panels secondary to identifica-
tion of various mutations which are variants of 
unknown significance (VUS). Therefore, the cli-
nician has uncertainties about interpreting the 
results and counseling the affected individual 
about future course of management. Hence, 
genetic screening and counseling using NSG 
technology should only be carried out at special-
ized family cancer clinics wherein a multidisci-
plinary expert can manage these families over an 
extended period of time.

Management Options for BRCA1/2 
Mutation Positive
• Prophylactic risk-reducing bilateral salpingo- 

oophorectomy (RRBSO) is the main risk- 
reducing approach for preventing ovarian 
malignancies in women who are carriers of 
BRCA1 or BRCA2 mutation. Breast surgery 
like bilateral mastectomy or routine screening 
using modalities like self-breast examination, 
clinical breast examination, and breast imag-
ing can be offered, in order to reduce the risk 
of breast cancer in BRCA mutation carriers 
[45]. It has been observed that removal of 
bilateral tubes and ovaries can decrease ovar-
ian cancer risk largely (80–96%) [46–49]. 
Hence, all the women with BRCA gene muta-
tions must be counseled for risk-reducing 
bilateral salpingo-oophorectomy (RRBSO), 
once their families are complete. The pro-
posed age for undergoing RRBSO is between 
35 and 40 years, as there is significant increase 
in the risk of developing ovarian cancer after 
the fourth decade. Upcoming evidence sup-
ports the role of RRBSO in reducing the risk 
of breast cancer by 56% in BRCA1 mutation 
carriers and 46% in BRCA2 mutation carriers, 
although more robust evidence is needed, 
before the information about this additional 
benefit becomes a standard part of counseling 

Table 4.5 Family history associated with hereditary 
breast and ovarian cancer syndrome

Ethnicity Family history of malignancy
Ashkenazi 
Jewish women

One first-degree relative with breast or 
ovarian cancer
Two second-degree relatives on the 
same side of the family with breast or 
ovarian cancer

All other 
women

Two first-degree relatives with breast 
cancer, one of whom was diagnosed 
by 50 years of age
Three or more first- or second-degree 
relatives with breast cancers
A combination of breast and ovarian 
cancers among first- and second- 
degree relatives
One first-degree relative with bilateral 
breast cancer
Two or more first- or second-degree 
relatives with ovarian cancer
One first- or second-degree relative 
with a combination of breast and 
ovarian cancers
Breast cancer in a male relative
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[50, 51]. However, in BRCA mutation carri-
ers, the need for routine breast screening con-
tinues even after RRBSO.

• In BRCA gene mutation carriers, who chose 
against RRBSO and need lifetime screening, 
the role of transvaginal scan or CA 125 is still 
not established but can be offered after the age 
of 30–35 years at clinician’s discretion.

• Role of poly (ADP-ribose) polymerase 
(PARP) inhibitors in hereditary ovarian can-
cers: PARP1 and PARP2 help in DNA repair 
and are active components of repair of single- 
strand breaks (SSBs) and base excision repair 
(BER). These enzymes are activated by DNA 
damage and help in subsequent survival of 
tumor cells by helping in DNA repair of these 
cells. Brief suppression of PARP enzymes 
using PARP inhibitors will lead to the accu-
mulation of unrepaired SSBs causing accumu-
lation of double-strand breaks (DSBs) which 
are toxic for the survival of tumor cells. 
Notably, BRCA1- and BRCA2-mutated cells 
are highly dependent on PARP enzymes for 
DNA repair and hence are potential targets for 
PARP inhibitors.

• The most recent phase III trials of several 
PARP inhibitors like talazoparib, niraparib, 
olaparib, and veliparib have shown promise in 
terms of clinical use, efficacy, and safety pro-
file. Olaparib has been granted accelerated 
approval to be used only in life-threatening 
disease, with or without platinum-based che-
motherapy although more evidence is needed 
to understand the whole biological spectrum 
of PARP inhibitors in terms of their target 
tumors and safety index [52].

4.3.2.3  Li-Fraumeni Syndrome (LFS)
Li-Fraumeni syndrome is caused by mutations in 
the tumor suppressor gene TP53 and has autoso-
mal dominant transmission. The cardinal cancers 
in this syndrome are early-onset sarcomas, breast 
cancers, and adrenocortical carcinomas, which 
account for 77–80% of LFS-associated tumors. 
Other tumors, leukemia, and lung, skin, gastroin-
testinal, and epithelial ovarian malignancies 
account for the remaining LFS-associated can-
cers [53]. The median age for ovarian cancers 

secondary to TP53 gene mutation is 40 years as 
against 64.3  years for sporadic cases [54]. 
Looking at the rarity of gynecological malignan-
cies in this syndrome, there are no available 
guidelines for routine screening.

4.3.3  Peutz-Jeghers Syndrome

Peutz-Jeghers syndrome (PJS) is caused by the 
germline mutations in the STK11 gene and has 
autosomal dominant transmission. It is typically 
a gastrointestinal polyposis disorder, which is 
also associated with increased risk of gynecolog-
ical and breast tumors. The presence of pig-
mented lesions on the lips and buccal mucosa is a 
typical sign, which can indicate toward the diag-
nosis of PJS. The characteristic female malignan-
cies are sex cord stromal tumor of the ovary and 
minimal deviation adenocarcinoma of the cervix, 
previously known as “adenoma malignum.” 
Hence, annual screening with cervical cytology 
from the age of 18 years and transvaginal ultra-
sound along with CA 125 measurement starting 
from 25  years have been suggested in known 
mutation carriers [55] although a definitive 
advantage and guidelines for screening are not 
available.

4.3.4  Multiple Endocrine Neoplasia 
(MEN) Syndrome

Multiple endocrine neoplasia is a cancer syn-
drome that typically affects various organs of the 
endocrine system. The major forms of MEN 
syndrome are type 1, type 2, and type 4, and the 
associated tumors can be either benign or malig-
nant. MEN type 1 has an autosomal dominant 
inheritance caused by mutations in the MEN1 
gene and comprises of tumors of the pituitary 
gland, parathyroid gland, and pancreas along 
with several other benign tumors like lipomas, 
angiomyofibromas, and uterine fibroids, along 
with malignant carcinoid tumors of the lungs, 
thymus, and colon. MEN2 syndrome is caused 
by RET gene mutations and includes tumors like 
medullary thyroid cancer, pheochromocytoma, 
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and hyperparathyroidism. MEN syndrome is 
reported to be associated with ovarian carcinoids 
and granulosa cell tumors of the ovary [56]. 
Carney complex is the most recent addition to 
MEN syndrome, and it refers to tumors of the 
gonads, thyroid gland, adrenal cortex, and pitu-
itary gland. This complex occurs secondary to 
the mutations in the gene that codes for regula-
tory subunit type 1A of protein kinase A (PKA) 
(PRKAR1A) [57].

4.3.5  Muir-Torre Syndrome

Muir-Torre syndrome is a subtype of Lynch syn-
drome (HNPCC) most commonly associated 
with MSH2 gene mutation and has autosomal 
dominant transmission like HNPCC.  The syn-
drome is characterized by rare skin lesions like 
adenoma, epithelioma, and carcinomas of the 
sebaceous glands along with visceral malignan-
cies in more than 50% of affected patients. 
Various visceral malignancies in Muir-Torre syn-
drome are cancers of the gastrointestinal tract, 
followed by genitourinary cancers (endometrial 
and ovarian), parotid gland cancers, lung and 
breast cancers, and hematological malignancies 
[58]. Diagnosis of sebaceous tumor can point 
toward Muir-Torre syndrome, and affected indi-
viduals should undergo screening for associated 
malignancies. Individuals with proven mutation 
and their first-degree relatives are offered a yearly 
breast examination, CA 125 levels, pelvic exami-
nation along with a transvaginal scan, and annual 
endometrial biopsy [59].

4.3.5.1  Small Cell Carcinoma 
of the Ovary-Hypercalcemic 
Type (SCCOHT)

Small cell carcinoma of the ovary is an extremely 
rare and highly aggressive cancer affecting 
women of younger age group, with hypercalce-
mia occurring in around 65% of cases. The diag-
nosis is based on histopathological evidence of 
small cells with hyperchromasia, scanty cyto-
plasm, and high mitosis along with necrosis. 
Immunohistochemically, these tumors are posi-
tive for vimentin, along with focal expression of 

epithelial markers. In 75% of cases, the affected 
gene identified is SMARCA4; leading to nonpro-
duction of BRG1 protein which is a product of 
the SMARCA4 gene. This genetic mutation 
involving SMARCA4 is also found in malignant 
rhabdoid tumors which are also found to be 
hereditary on occasions and are frequently asso-
ciated with hypercalcemia; thus, SCCOHT 
tumors can also be termed as “malignant rhab-
doid tumors of the ovary” [60]. In early stages, 
radical surgery including panhysterectomy, 
omentectomy, and pelvic and para-aortic lymph-
adenectomy followed by adjuvant chemotherapy 
with cisplatin and etoposide is recommended. 
Since SCCOHT affects young women, fertility 
preservation surgery, which involves proper stag-
ing and removal of the affected ovary only, fol-
lowed by chemotherapy, must be considered. For 
advanced stages, neoadjuvant chemotherapy 
should be the first-line treatment, followed by 
debulking surgery [61]. The long-term, disease- 
free survival is very poor in these patients even in 
patients with an early-stage disease.

4.4  Conclusion

It is estimated that around 5% of endometrial and 
20% of ovarian cancers are hereditary. Hereditary 
gynecological cancers are usually suspected when 
these tumors arise in young females with family 
history of these cancers. The most common syn-
drome associated with hereditary endometrial can-
cers is the Lynch syndrome (HNPCC) and that 
with ovarian cancers is hereditary breast and ovar-
ian cancer syndrome. Several genetic mutation loci 
have been identified for diagnosing the susceptibil-
ity of an individual to develop these cancers. It is 
important to confirm these genetic mutations in 
potentially susceptible women with a strong family 
history, not only to prevent the development of can-
cers by advising them risk reduction procedures 
but also to offer them targeted therapies against the 
identified genetic mutations.

For the prevention of hereditary gynecological 
cancers in individuals with confirmed genetic 
mutations, proper screening must be done accord-
ing to the above laid guidelines after proper 

4 Hereditary Endometrial and Ovarian Cancers



52

genetic counseling. These patients must be man-
aged by multi-speciality teams at dedicated fam-
ily cancer clinics. After the identification of 
multiple genetic mutations in hereditary gyneco-
logical cancers, the use of next-generation 
sequencing (NSG) has provided the opportunity 
to analyze even non-BRCA gene-related muta-
tions in the same reaction. The clinicians must 
understand the importance of taking family his-
tory in detail in endometrial and ovarian cancers 
in order to offer genetic counseling and testing in 
the index patient and also in the unaffected indi-
viduals of the family. If a genetic mutation is 
present in the affected women, other family 
members can undergo targeted testing also 
known as “cascade testing,” thus saving resources. 
Prophylactic risk reduction surgeries can be 
offered, once the genetic mutation has been iden-
tified and risk assessment has been done. There is 
an emerging evidence in support of the chemo-
protective therapies besides the time-tested 
platinum- based chemotherapy, which indicates 
that PARP inhibitors can be proven to be effec-
tive in managing BRCA-related ovarian 
malignancies.

Key Points
• Approximately 5% of endometrial carcinomas 

and 20% of epithelial ovarian carcinomas are 
hereditary.

• Majority of these hereditary cancers have 
autosomal dominant inheritance, and the com-
monest disorders are hereditary breast and 
ovarian cancer (HBOC) syndrome and Lynch 
syndrome.

• The family history of single first-degree rela-
tive affected with ovarian cancer increases a 
woman’s chances of developing this disease 
by three- to fourfold.

• For endometrial cancer, having an affected 
first-degree relative increases the chances of a 
woman with a relative risk of 1.2–2.8.

• More than 50% of women in Lynch syndrome 
families present with malignancy of either the 
endometrium or ovaries as their first 
malignancy.

• Screening of high-risk women, i.e., women 
with proven MMR pathway mutations or 

women with family history of Lynch syn-
drome, must begin by the age of 35–40 years 
using transvaginal ultrasound and aspiration 
biopsy.

• Around 65–85% of hereditary ovarian tumors 
are because of BRCA1/BRCA2 gene mutations.

• Every woman with high-grade pelvic serous 
tumors should be offered BRCA1 and BRCA2 
gene testing, regardless of the family history.

• Women who carry BRCA1 or BRCA2 muta-
tion must be offered risk-reducing bilateral 
salpingo-oophorectomy (RRBSO) and risk- 
reducing breast surgery or breast screening.

• Various other genes, besides BRCA genes, 
have now been identified using massive gene 
sequencing, and targeted therapies against 
these mutations are being evaluated.
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Chemoprevention for Endometrial 
Cancers

Monisha Gupta

5.1  Introduction

Endometrial cancer (EC) is the sixth leading 
cause of cancer-related death in women world-
wide, with the majority of cases arising in post-
menopausal women. Endometrial adenocarcinoma 
originates in the inner lining of the uterus, and it 
accounts for about 90% of uterine cancers, while 
uterine sarcoma originates in the myometrium 
and accounts for less than 10% of the cases [1, 2]. 
Endometrioid adenocarcinoma is the most com-
mon histology (90% cases of EC) and has a good 
prognosis in early stage (5-year survival rate 
>90%) [2].

5.2  Why Chemoprevention 
for Endometrial Cancer?

Chemoprevention for cancer means ingestion of 
any drug (allopathic, homeopathic, or ayurvedic) 
to prevent, suppress, or reverse the pathogenesis 
of cancer in an individual with no signs and 
symptoms. To identify individuals/patients who 
may require chemoprevention, it is advisable that 
their chances of developing cancer must be 
weighed against toxic effects of such drugs. 

Thus, an ideal chemoprevention study should 
recruit individuals from a high-risk population 
and should involve the drug/chemical agent with 
minimal side effects.

Cancer chemoprevention for certain high-risk 
population as well as for certain cancers is the 
current topic of interest. For instance, in the case 
of hormone-dependent cancers like breast cancer, 
hormone modulators such as tamoxifen, raloxi-
fene, and aromatase inhibitors have shown to sig-
nificantly decrease the risk of breast cancer [3]. 
Likewise, the use of oral contraceptive pills has 
already been documented to reduce the risk of 
ovarian cancer in women with BRCA 1 and 
BRCA 2 germline mutations, thus an alternative 
to prophylactic oophorectomy in young pre-
menopausal women [4].

Recent literature indicates toward increasing 
interest for chemoprevention of EC.  Its occur-
rence is related to both endogenous and exoge-
nous hormone exposures and that too in a 
dose-response relationship. Combination oral 
contraceptives (COC) and menopausal hormone 
therapy are the most common forms of exoge-
nous hormones. Other risk factors that lead to 
excess hormonal levels and, thus, increase the 
risk of EC are increasing age, obesity, low parity, 
late menopause, HRT, polycystic ovarian disease 
(PCOD), and certain estrogen-secreting ovarian 
tumors.

Also, family history (having close relatives 
with EC and/or colorectal cancer) pointing 
toward Lynch syndrome or self-history of  ovarian 
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or breast cancer significantly increases the risk 
for EC. Thus, EC is among certain cancers that 
have a well-defined risk factor profile and, thus, 
gives an easy access to identify women at high 
risk of developing EC.

Currently, various studies on a variety of hor-
monal and non-hormonal agents for chemopre-
vention of EC are being conducted. In the chapter, 
we will discuss the rationale of their use, their 
side effects, and their effect on EC risk 
reduction.

5.3  Chemoprevention 
of Endometrial Cancer

5.3.1  Hormonal Contraception 
and Endometrial Cancer Risk 
Reduction

In the early 1980s, hormonal chemoprevention of 
endometrial cancer with OCs was first demon-
strated, and it was shown that the protection was 
clinically highly significant and dependent on the 
duration of use: 5 years of OC use provides 46%, 
and 10 years of use gives 71% reduction in risk of 
cancer [5]. Thus, irrespective of type and dose of 
progestins, longer duration of COC use provides 
significant reduction in risk of EC [6, 7]. 
Moreover, this reduction persists for about 
20 years even after stopping COC [8].

Majority of risk factors for EC are explained 
by the mitogenic action of estrogen in the absence 
of progestin (so-called unopposed estrogen) in 
stimulating endometrial cell division. The age- 
incidence curve of cancer of the endometrium 
shows a distinct decrease at the age of menopause 
as the concentration of unopposed estrogen 
reduces to very low level at menopause (Fig. 5.1). 
Thus, early menopause reduces the risk of EC to 
a very low level. Progesterone effectively reduces 
the effect of unopposed estrogen throughout 
pregnancy; thus increasing parity also decreases 
endometrial cancer risk. Obesity significantly 
increases the serum estradiol levels in both pre-
menopausal (increased anovulation) and post-
menopausal women (also decreases sex 
hormone-binding globulin) and, thus, signifi-
cantly increases the risk for EC. Estrogen replace-
ment therapy in postmenopausal women 
significantly increases endometrial cancer risk.

A dose-response relationship between unop-
posed estrogen and EC has also been suggested 
in literature (5–50 pg/ml) [5].

The high dose of progestins in OCs protects 
endometrial cells from unopposed estrogen for 
about 21 days in 28 day cycle; thus, only during 
7 days (when OCs are not taken), the endome-
trial cells are exposed to unopposed estrogen. In 
this way, various epidemiological studies show 
an 11.7% reduction in EC risk per year of 
OC use [5].
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Since the most immediate effect of COC use 
on risk of EC is well documented, how COC use 
results in long-term protective effects remains 
largely unknown. It has been hypothesized that 
progestin antagonizes the estrogens’ proliferative 
effect on endometrial cells and that is exactly 
how COC provides risk reduction for EC [9]. A 
randomized trial by Lu et al. has also shown the 
same results [10]. Various studies have shown a 
variety of molecular effects of progestins, i.e., it 
promotes cell cycle arrest, induces apoptosis, and 
also regulates expression of multiple signaling 
pathways involved in oncogenesis [11]. Another 
study has suggested that COC use has a long- 
term effect on various hormone levels, estradiol, 
estrone, androstenedione, testosterone, and sex 
hormone-binding globulin in our body [12], and 
also, age at menopause is also older in COC users 
as compared to nonusers [13]. The exact mecha-
nism of action behind all these effects of proges-
tins is largely unknown; however, enduring 
epigenetic changes, progestin-mediated decrease 
in receptor expression and long-term effects on 
hormone metabolism are speculated to be the 
prime reasons [13, 14].

To have a minimal effect on breast tissue, pro-
gestins need to be delivered to the endometrium 
in such a manner so as to have minimal serum 
concentration such as vaginal route or direct 
endometrial route. The vaginal route provides a 
high endometrial progestin level with very low 
serum levels [15]. The direct endometrial route of 
administration with an intrauterine device has 
even lower serum progestin levels [1].

5.3.1.1  Chemoprevention for Lynch 
Syndrome-Related Endometrial 
Cancer

Lynch syndrome (LS) is an autosomal dominant 
cancer syndrome carrying a high risk of colorectal 
cancer (CRC) as well as non-colonic cancers such 
as endometrial cancer (second most common), 
ovarian cancer, gastric cancer, intestinal cancer, 
etc. LS has been reported to affect as many as 1 in 
370 individuals [16]. The increase risk of cancer 
is due to inherited mutations in MSH2, MLH1, 
MSH6, and PMS2 genes that impair DNA mis-
match repair mechanism. The cumulative risk of 

endometrial cancer is 54% for MLH1, 21% for 
MSH2, and 16% for MSH6 carriers with syn-
drome-related EC manifesting 10  years earlier 
than their sporadic counterpart [17]. For many 
women with LS, the risk of EC is comparable or 
even exceeds their risk of CRC [18]. However, 
studies regarding the efficacy of chemopreventive 
agents in LS-associated EC are few.

Women with LS are at high risk for endome-
trial cancer and are ideal candidate for prophylac-
tic surgery. However, most women are eager for 
alternatives to surgery (as are relatively young at 
age) and, thus, should be offered chemopreven-
tion because the risk-benefit profile of potential 
chemopreventive agents for EC is favorable.

Lu and colleagues [19] have demonstrated 
that oral contraceptive pills (OCPs) and depoMPA 
induce an expected physiologic endometrial 
response when administered to premenopausal 
women with Lynch Syndrome. With each woman 
as her own control, after 3 months of treatment, 
there was a significant decrease in endometrial 
epithelial cell proliferation (Ki-67) in both dMPA 
and OCP arms. Also on histology, 20 of the 23 
women in depoMPA arm and 21 of 22 women in 
the OCP arm demonstrated the presence of secre-
tory type glands. This suggests that both 
depoMPA and OCPs can be used as chemopre-
ventive agents in women with LS. However, right 
now, it will be premature to conclude that this 
effect of hormonal agent will decrease the inci-
dence of EC in this high-risk population. Thus, 
further large studies are needed to clearly delin-
eate the molecular mechanism of development of 
EC in women with LS and whether that mecha-
nism can be prevented or reversed with hormonal 
agents.

5.3.2  Effect of Metformin on Obesity-
Related Endometrial 
Proliferation and Cancer

It is a well-known fact that being overweight and 
obese are significant risk factors for cardiovascu-
lar diseases and type II DM as well as for many 
cancer types [20, 21]. In females, increased BMI 
associated very strongly with risk of EC with 

5 Chemoprevention for Endometrial Cancers



60

>50% of all EC attributed to obesity [22]. In 
obese female, fat cells are prime site for conver-
sion of estrogen to estradiol: an active form of 
female hormone that leads to endometrial cell 
proliferation. Moreover, other factors including 
hyperinsulinemia also contribute to cancer patho-
genesis as well as progression. It has been sug-
gested in a study that an obese female is at 2.5 
times higher risk of death due to EC as compared 
to nonobese counterpart [22].

Metformin which is an antidiabetic drug from 
biguanide class commonly used to treat type II 
diabetes has recently been demonstrated to exert 
chemopreventive and antiproliferative effects for 
a variety of cancers in diabetic patients, including 
those with endometrial cancer [23–25]. Metformin 
inhibits cell growth both by insulin- and non-insu-
lin-dependent mechanisms. Metformin increases 
insulin receptor sensitivity and increases insulin 
uptake, thereby reducing systemic insulin levels. 
It also inhibits cell proliferation by activating the 
growth inhibitory AMPK, which counteracts 
signaling through both the PI3K/AKT and 
MAPK pathways downstream of the insulin and 
IGF1 receptors (Fig. 5.2) [26]. Metformin fur-

ther downregulated signaling through the 
MAPK pathway, as demonstrated by a decrease 
in phospho-ERK1/2  in estrogen- treated obese 
rat endometrium. Finally, metformin effectively 
hindered induction of the estrogen-responsive, 
pro-proliferative transcription factors c-myc and 
c-fos [27].

Metformin induces changes in signaling both 
upstream and downstream of insulin and IGF1 
receptors [27, 28]. Also, it has direct growth- 
inhibitory effects on cells via activation of the 
AMPK pathway [29]. Thus, metformin controls 
cell division as it increases AMP relative to ATP 
levels inside the cells, thus regulating the ATP 
consuming pathways [27].

Regarding non-endometrioid endometrial can-
cer, diabetic endometrial cancer patients with 
non-endometrioid tumors who were taking met-
formin (dose is gradually increased from 500 mg/
day to 2 gm/day over 1 month) were demonstrated 
to have a lower risk of mortality than that of 
patients with endometrial cancer who did not use 
metformin [29]. Metformin may therefore func-
tion as an adjuvant therapy for the treatment of 
non-endometrioid endometrial cancer.
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Fig. 5.2 Proposed mechanism by which metformin 
causes translocation of activated K-Ras from the plasma 
membrane and promotes cell death. Previous studies have 
shown that metformin activates atypical PKC (PKCζ) 
through an AMPK-, ERK-, and PDK1-dependent mecha-
nism. PKCζ then phosphorylates the lysine-rich tail of 

activated K-Ras, acting as an electrostatic switch that 
causes K-Ras to be repelled from the membrane. This 
phosphorylation also promotes association between onco-
genic K-Ras and Bcl-XL on the mitochondrial outer 
membrane, inducing apoptosis
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Thus, there is enough epidemiological evi-
dence that metformin exerts chemopreventive 
and antiproliferative effects for a variety of can-
cers by modulating insulin receptor and IGF1R 
autophosphorylation and also by attenuating the 
proliferative pathways of the endometrium in 
response to estrogen in the context of obesity.

5.3.3  COX-2 Inhibitors 
as Chemopreventive Agents

Molecular targets identified as a result of increas-
ing knowledge of the molecular biological struc-
ture and genetic defects have been useful in 
designing new antineoplastic agents that can halt 
the progression of human malignancies with 
minimal systemic damage [30], and cyclooxy-
genase- 2 (COX-2) is emerging as one of the 
major players among them [30, 31]. Both cyclo-
oxygenase- 1 (COX-1) and COX-2 are catalytic 
enzymes involved in prostaglandin synthesis. 
Prostaglandin E2 (PGE2) functions to promote 
the primary process of carcinogenesis and its fur-
ther consolidation and progression via increased 
cell proliferation, decreased natural killer cell 
activity, in situ immune down-modulation, induc-
tion of neoangiogenesis, and the elevated expres-
sion of antiapoptotic protein Bcl-2 [32]. COX 
enzyme overexpression has been associated with 
neoplasms at various sites, including the gastro-
intestinal tract, lung, and skin.

COX-2 is the form of the enzyme cyclooxy-
genase that is inducible by cytokines, mitogens, 
and growth factors [30] and has emerged as one 
of the principal targets of the current antineoplas-
tic chemotherapy regimens. In fact, COX-2 
inhibitors that have been employed in cancer che-
moprevention are now under active investigation 
for systemic cancer therapy.

During the last few years, there has been an 
emerging interest in the study of COX-2  in 
human gynecological neoplasms, and the clinical 
role of COX-2 inhibitors in this area is currently 
a subject of investigation [33, 34]. While COX-2 
overexpression generally localizes to the 
 adenocarcinoma cells [33], some authors have 
identified increasing COX-2 presence in the neo-

plastic cells with increasing FIGO grades of 
endometrioid adenocarcinoma (EACAs) [35] and 
have shown an association between COX-2 posi-
tivity and shorter disease-free survival [35].

5.3.3.1  How is the COX-2 Expression 
Tested on Samples in Various 
Studies?

The immunohistochemical antigen detection was 
performed using a DAKO autostainer employing 
3-micron-thick paraffin sections from each of the 
representative tumor blocks selected [36]. The 
sections were deparaffinized, rehydrated, and 
subjected to antigen retrieval by using EDTA/
Tris buffer at pH 8.0 for 10 min in a microwave 
oven. Endogenous peroxidase was blocked with 
3% H2O2. The sections were then incubated 
overnight with a 1:100 dilution of the primary 
antibody, human monoclonal anti-COX-2 
(Cayman Chemical, Ann Arbor, MI, USA), 
according to the COX-2 staining protocol opti-
mized in our laboratory. The sections were then 
washed in TBS/Tween, and the COX-2 immuno-
reactivity was detected using a LSAB staining kit 
and DAB (diaminobenzidine) liquid chromogen 
(DAKO, Carpenteria, CA, USA). After light 
counterstaining with modified Mayer’s hematox-
ylin, the sections were cleared, mounted in 
Permount, and examined under a light micro-
scope (Fig. 5.3a and b).

In a study by Nasir et al. [36], the overall fre-
quency of COX-2 expression increases from pre-
cursor lesions to EACAs, i.e., 1 out of 5 (20%) of 
the cases with foci of atypical complex hyperpla-
sia (ACH) and 1 out of 9 (11%) cases with foci of 
endometrial hyperplasia (EH) showed moderate 
expression of COX-2 protein, while 17 of 22 
(77%) EACAs showed moderate to strong COX-2 
expression. These findings seem to be of  potential 
clinical relevance in supporting the role of COX-2 
inhibition in designing chemoprevention strate-
gies for patients with precursor lesions of endo-
metrial adenocarcinoma. Also, since COX-2 is 
one of the principal targets of COX-2 inhibitor 
therapy, identifying COX-2-positive EACAs may 
provide an objective tool to identify a subset of 
EACAs that may receive a potential therapeutic 
benefit from COX-2 inhibitor therapy.
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Also, in the same study, Nasir and colleagues 
[36] observed that the degree of expression of 
COX-2 in ACH (mean COX-2 IHC score 70) is 
comparable to EACAs (mean COX-2 IHC score 
76) rather than EH (mean COX-2 IHC score 
22), and it suggested that higher expression of 
COX-2 may be an early event in the neoplastic 
progression of EH to ACH and EACA. Similar 
observations have been reported in another 
study [32], in which the expression of COX-2 
was found to be higher in cases with atypical 
endometrial proliferations as compared to nor-
mal endometrium and cases with endometritis 
[37]. However, more evidence in the form of 
studies on a larger series of cases are warranted 
to study the expression of COX-2 in EACA and 
precursor lesions. If the trend toward increasing 
COX-2 expression from precursor lesions to 
invasive EACA remains evident in such studies, 
COX-2 inhibitors (celecoxib 50 ppm in diet or 
exemestane 50 mg/kg weekly) may be consid-
ered as potentially useful chemopreventive 

agents to slow down the progression of EH 
toward ACH and EACA.

Knowledge about COX-2 staining in vari-
ous FIGO grades of endometrial cancer will 
also have clinical utility. In a study by Cao 
et al. [38], well-differentiated EACAs showed 
minimal COX-2 staining, while moderately 
and poorly differentiated EACAs demonstrated 
the strongest COX-2 expression (Fig.  5.3) 
making a case for a possible role of COX-2 in 
tumor progression rather than tumor initiation. 
Similar observations were reported by 
Ferrandina et al. [38].

COX-2 inhibitors may play an important role 
in the clinical management of endometrial cancer 
and may also have a potential chemopreventive 
role in inhibiting the progression of precursor 
lesions into invasive endometrial adenocarci-
noma. Inhibitors of COX-2 represent another 
component to be considered when developing the 
“cocktail” that will lead to the most efficacious 
treatment of neoplastic disease.

a

b

Fig. 5.3 Representative 
sections of endometrial 
cancer with strong 
cytoplasmic staining of 
COX-2 in tumor cells 
presented by the asterisks 
(a) endometrioid 
adenocarcinoma with 
grade 3 and enriched 
infiltration of CD8+ T cells 
presented by the arrow (b) 
endometrioid 
adenocarcinoma with 
grade 1 are shown
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Thus, routine evaluation of COX-2 status of 
formalin-fixed, paraffin-embedded human endo-
metrial cancer tissues and precursor lesions may 
be of potential clinical utility in the effective con-
trol of human endometrial cancer and precursor 
lesions. However, more evidence in the form of 
larger case-controlled studies is needed.

5.3.4  Chemopreventive Effect 
of Statins

As already stated, obesity (and increased BMI) is 
a well-known risk factor for EC.  However, the 
relation between other comorbid conditions like 
dyslipidemia, HT, and EC is less clear.

Statins or 3-hydroxy-3-methylglutaryl-coen-
zyme A (HMG-CoA) reductase inhibitors are the 
drug of choice to reduce plasma cholesterol lev-
els and prevent cardiovascular diseases. Statins 
block the HMG-CoA reductase, the enzyme 
required for conversion of HMGCoA to the cho-
lesterol precursor mevalonic acid. Thus, statins 
are thought to lead critical changes at molecular 
level through inhibition of the mevalonic acid 
pathway. Also, it has been postulated that statins 
have antiproliferative and anti-metastatic effects 
in endometrial cancer cells, possibly through 
regulation of the MAPK and AKT/mTOR 
 pathways [39].

Recently, relationship between statin use and 
endometrial cancer risk has been evaluated in a 
number of studies [39, 40]. However, the findings 
from these studies are controversial, with no ben-
eficial effect in the majority of studies [40], 
whereas others supported a reduced risk.

To date, most of the available results of statin 
use and endometrial cancer risk are from obser-
vational studies; only two RCTs reported endo-
metrial cancer risk as a secondary end point.

5.3.5  Progestin Therapy 
for Chemoprevention 
of Endometrial Cancer

EC is a disease of postmenopausal women. 
However, 5% of EC and endometrial hyperplasia 
commonly presents in premenopausal younger 
age group, where fertility and hormonal function 

preservation usually remain desirous. Thus, these 
women are ideal candidate for conservative man-
agement with progestins that usually has 70% 
success rates. Thirty percent of women may fail 
to respond [41], and currently, there is no way to 
identify this subgroup of women.

In the last two decades, significant research 
work has been done to understand the mechanism 
of progestin resistance as it will help immensely 
to choose the suitable candidates for progestin 
therapy as well as to counsel them about the suc-
cess rate, so that they can make their own decision 
[42, 43]. One of the postulated theories for such 
progestin resistance is downregulation of proges-
tin receptors (PR) due to continuous progestin 
administration leading to desensitization of recep-
tors [44]. On the other hand, intermittent proges-
tin therapy has shown to significantly increase the 
apoptotic rate of EC cells [45]. In another study, 
other molecular pathways including EGF/EGFR 
and insulin hormones have been speculated to be 
involved in progestin resistance [46].

NF-E2-related factor 2 (Nrf2), a transcription 
factor, has a critical role in cancer development 
as well as its recurrence and resistance to adju-
vant chemotherapy and radiation therapy [47, 
48]. It has been shown that both Nrf 2 and 
AKR1C1 are overexpressed in both partially 
responding and nonresponding endometrial can-
cer and endometrial hyperplasia. On the other 
hand, for women who respond completely to pro-
gestin therapy, their endometrial sampling shows 
either normal or no expression of Nrf-2 and 
AKR1C1. Thus it can be concluded that normal 
or reduced Nrf-2-AKR1C1 function may indicate 
good response to progestin therapy [48].

5.3.6  Rosiglitazone: Peroxisome 
Proliferator-Activated 
Receptor Gamma Agonist

For development of endometrial cancer, loss of 
PTEN (phosphatase and tension homolog) func-
tion plays an important role. The PTEN gene is 
located at chromosome 10q23.31. The PTEN pro-
tein plays a crucial role in the control of the PI3K-
AKT pathway through dephosphorylation of PIP3 
at the cell membrane. The absence of functional 
PTEN protein leads to unopposed action of PI3K 
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with resultant uncontrolled PIP3 production. One 
major effector of the PI3K-AKT pathway is 
mTOR, which stimulates protein synthesis, initi-
ates entry into G1 phase of the cell cycle, and 
interacts with proteins that regulate apoptosis. 
PTEN mutations have been found in 55% of pre-
cancerous endometrial lesions and in up to 83% 
of endometrioid endometrial cancer [49].

Peroxisome proliferator-activated receptor 
gamma (PPAR-y) is a member of the nuclear hor-
mone receptor superfamily of transcription factors 
[50]. Upon ligand binding, PPAR-y forms het-
erodimers with the retinoid X receptor (RXR) and 
modulates gene expression via binding to a spe-
cific DNA regulatory element [51]. It has been 
shown that PPAR-y ligands exert chemopreventive 
effects through both PPAR-y-dependent and 
PPAR-y-independent pathways [52]. In a recent 
study, PPAR-y agonists have been shown to have 
an inhibitory effect on mammary and gastric carci-

nogenesis in different animal models [53]. 
Although the exact mechanism is not clear, vari-
ous possible pathways of PPAR-y agonist (thia-
zolidinediones) induced anti-tumorigenic effects, 
cell cycle arrest, induction of apoptosis, inhibition 
of angiogenesis, modulation of differentiation, and 
stemness processes, and cross talk with other sig-
naling pathways has been suggested and also spec-
ulated to be involved in proliferation and survival 
[53]. All of these events may be exerted by PPAR-γ 
genomic or non- genomic actions (Fig. 5.4) [54]. 
Another study has suggested that the tumor sup-
pressor actions of PPAR-y agonists are also medi-
ated via upregulation of PTEN [55].

Recently, in a study by Celestino and col-
leagues [56], it has been shown that PPAR-y ago-
nist rosiglitazone inhibits the proliferation and 
induces apoptosis in both PTEN wild-type and 
PTEN-null cancer cell lines and that too in a 
dose-dependent manner. Both a low dose (4 mg/
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Fig. 5.4 Mechanisms underlying anti-tumorigenic 
actions of peroxisome proliferator-activated receptor 
(PPAR)-γ agonists. CDKs cyclin-dependent kinases, 
RhoB rho-related GTP-binding protein, Rb protein 
retinoblastoma- associated protein, Bcl-2 B-cell lym-
phoma 2, Bcl-xL B-cell lymphoma-extra large, Cox-2 

cyclooxygenase-2, VEGF vascular endothelial growth 
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cancer stem cells, TERT telomerase reverse transcriptase, 
ENAH enabled homolog, ETS E26-transformation- 
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kg) and a high dose (8  mg/kg) of rosiglitazone 
showed similar results. Similar results are also 
shown in relation to endometrial hyperplasia.

PPAR-y agonist is currently used clinically as 
an insulin sensitizer in patients with type II dia-
betes to control high blood glucose. Because obe-
sity and diabetes are high-risk factors for the 
development of endometrial cancer, further stud-
ies are necessary to determine whether PPAR-y 
agonists may be useful in both insulin sensitiza-
tion and chemoprevention.

Thus, rosiglitazone may be a reasonable pri-
mary chemopreventive agent against the develop-
ment of PTEN-mediated endometrial hyperplasia 
and subsequent cancer.

5.4  Summary

 1. Endometrioid adenocarcinoma is the most 
common histology (90% cases of EC) and has 
a good prognosis in early stage (5-year sur-
vival rate >90%).

 2. Endometrial cancer, like breast cancer, is pre-
sumed to be an estrogen-driven malignancy. 
EC is among certain cancers that has a well- 
defined risk factor profile and, thus, gives an 
easy access to identify women at high risk of 
developing EC.

 3. Hormonal chemoprevention of endometrial 
cancer is seen with OCPs: 5 years of use pro-
vides a long-term reduction in risk of about 
46%, and 10 years of use causes a reduction of 
about 71%. In addition, studies report that 
after cessation of COC use, a reduction in risk 
persists for 20 years or more.

 4. Women with LS are at high risk for endome-
trial cancer and thus represent an ideal popula-
tion for chemoprevention. OCPs and depoMPA 
induce an expected physiologic endometrial 
response when administered to premenopausal 
women with Lynch syndrome.

 5. Metformin exerts chemopreventive and antip-
roliferative effects by modulating insulin 
receptor and IGF1R autophosphorylation and 
also attenuates the proliferative pathways of 
the endometrium in response to estrogen in 
the context of obesity.

 6. COX-2 inhibitors may play an important role 
in the clinical management of endometrial 
cancer and may also have a potential chemo-
preventive role in inhibiting the progression of 
precursor lesions into invasive endometrial 
adenocarcinoma.

 7. PPAR-y agonist rosiglitazone may be a reason-
able primary chemopreventive agent against 
the development of PTEN-mediated endome-
trial hyperplasia and subsequent cancer.

 8. Progestin resistance may be related to the 
intrinsic overexpression of Nrf2-AKR1C1 
signal transduction pathway, while normal or 
decreased Nrf2AKR1C1 function may be 
indicative of good response to progestin 
treatment.
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Cervical Squamous Intraepithelial 
Lesions: A Pathologist’s 
Perspective

Charanjeet Singh and Grace N. Kim

6.1  Introduction

The histologically well-defined precursor squa-
mous lesions and their temporal relationship with 
invasive squamous carcinoma were recognized 
more than a century ago; however, their associa-
tion with human papillomavirus (HPV) is rela-
tively recent (1970s). The evolution from 
precursor to cervical cancer is not only temporal; 
the lesion also has a spatial preference. 
Anatomically, the squamocolumnar junction of 
the cervix is a sharp border between the stratified 
squamous epithelium of ectocervix and the 
mucin-producing columnar epithelium of endo-
cervix. However, puberty and menarche- 
associated physiological changes result in a more 
gradual and functional border characterized by 
metaplastic squamous epithelium, the so-called 
“transformation zone” mucosa. HPV infection 
and, therefore, virtually all cervical neoplasms 

and their precursors have a predilection for this 
transformation zone.

The clinical ease of recognition of this col-
poscopically visible transformation zone perhaps 
underlies the success of cervical cancer screening 
and that of the management of the precursor 
squamous lesions of cervix.

6.2  Evolution of the Terminology 
of Cervical Squamous 
Precursor Lesions

The terminology for histopathological classifica-
tion of cervical squamous precursor lesions has 
evolved over the last century, driven primarily by 
the understanding of the natural history of HPV 
infection and secondarily by evolution of the 
management options. Historically, the terms sur-
face carcinoma, intraepithelial carcinoma, and 
carcinoma in situ (CIS) were used to describe the 
precursor lesions in which the cells looked malig-
nant but did not invade into the stroma. The two- 
tiered CIS and non-CIS terminology meant 
hysterectomy for women with CIS and no treat-
ment for the latter group. Studies by Reagan, 
Hicks [1], Seidemann [2], and other investigators 
showed that some of these surface lesions of the 
cervix, despite having abnormal looking cells, 
were not as aggressive as CIS and had lower risk 
for progressing to invasive cancer. These lesions 
were termed variously as anaplasia, basal cell 
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hyperplasia, and atypical hyperplasia. Reagan 
et al. proposed the term “dysplasia” in 1953 [2] 
and graded it as mild, moderate, or severe based 
on the degree of squamous epithelial differentia-
tion with respect to CIS, giving rise to a four- 
tiered system of precursor lesions. Based on this 
system, the women with CIS underwent hyster-
ectomy, while the patients with “severe dyspla-
sia” were subjected to cold knife conization.

The seminal investigation from Richart in 
1969 [3] established that morphologic changes in 
the form of mild dysplasia to cervical cancer rep-
resented a disease continuum and that there was 
an absence of objective evidence to separate 
severe dysplasia from CIS. This led to the pro-
posal of cervical intraepithelial neoplasia (CIN) 
terminology as follows: CIN1 for mild dysplasia, 
CIN2 for moderate dysplasia, and CIN3 for 
severe dysplasia. Due to proposed disease con-
tinuum of all lesions, CIN1 and CIN2 were 
treated with ablation (such as laser, CO2, etc.), 
and CIN3 was treated with hysterectomy.

The work by zur Hausen [4] and colleagues in 
1976 hypothesized the role of HPV in cervical 
cancer with identification of types HPV16 and 
HPV18 in cervical cancers in 1983–1984. Further 
understanding of the HPV biology led to increas-

ing recognition that CIN1 was a more indolent 
lesion, while CIN2 was at the action threshold 
with CIN3. Based on this, the lesions were bio-
logically regarded as “low-grade squamous 
intraepithelial lesion” (LSIL, which included 
CIN1/mild dysplasia) and “high-grade squamous 
intraepithelial lesion” (HSIL, which included 
CIN2/moderate and CIN3/severe dysplasia). The 
discovery of two-tiered biological significance of 
the cervical lesions coincided with the US 
Congress passing the Clinical Laboratory 
Improvement Amendments (CLIA) in 1988. The 
Bethesda system (TBS) [5] for reporting of cervi-
cal cytology was a by-product of CLIA 1988 
amendment. TBS adopted the terminology of 
“LSIL” and “HSIL” for reporting cervical pre-
cursor lesions, along with the use of terms “nega-
tive for squamous intraepithelial lesion and 
malignancy (NILM)” and its most controversial 
term “atypical squamous cells of undetermined 
significance (ASCUS),” for lesions that were 
indeterminate morphologically (Fig. 6.1).

In the 1990s and early 2000s, despite the 
usage of LSIL and HSIL terminology for report-
ing cervical cytology, the three-tiered system of 
CIN1, CIN2, and CIN3 remained in use for 
 cervical biopsy, cone, and LEEP reporting. 

Fig. 6.1 Note a single 
cell in the group shows 
slight nuclear 
enlargement and 
irregularity, along with 
cytoplasmic clearing, 
consistent with atypical 
squamous cell of 
undetermined 
significance. This cell, 
by itself, is not 
diagnostic of an HPV 
infection-related lesion 
(Pap stain, ThinPrep 
smear, 600× 
magnification)
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This  discrepant use of terminology by patholo-
gists was a result of utilization of three-tiered ter-
minology for clinical management by the 
American Society for Colposcopy and Cervical 
Pathology (ASCCP) Consensus Guidelines: 
expectant management was advocated for CIN1, 
and in-office excision using cold knife cone or 
LEEP was advised for CIN2 and CIN3.

As is now well-recognized that HPV is associ-
ated with intraepithelial lesions and invasive can-
cers in the entire anogenital region and in both 
genders, a task force called the Lower Anogenital 
Squamous Terminology (LAST) Project was co- 
sponsored by the College of American 
Pathologists (CAP) and the ASCCP in order to 
unify the terminology between cytology and his-
tology. The LAST terminology recommenda-
tions of 2012 [6] unified the terminology across 
all lower anogenital sites and created a nomen-
clature system that reflected the current knowl-
edge of HPV biology and current use of HPV 
biomarkers, in order to facilitate clear communi-
cation for management of these lesions, across 
different medical specialties. As per the LAST 
recommendations:

• A two-tiered nomenclature is recommended 
for noninvasive HPV-associated squamous 
proliferations of the lower anogenital tract.

• The recommended terminology for HPV- 
associated squamous lesions is LSIL and 
HSIL, which may be optionally classified by 
the –IN subcategorization.

• The –IN refers to intraepithelial neoplasia. For 
a specific location, the appropriate complete 
term such as CIN (cervix), VaIN (vagina), and 
VIN (vulva) should be used.

6.3  Morphology of Squamous 
Intraepithelial Lesions

Cytological examination of Pap smears is the pri-
mary method of recognition of SIL lesions, fol-
lowed subsequently by histopathological 
examination of tissue based on the ASCCP 
guidelines. Herein, we are using the two-tiered 
system and the most current LSIL and HSIL ter-

minology to describe the morphological changes 
associated with these lesions. The cytological 
appearances of these lesions are discussed first, 
followed by their histological counterparts.

6.3.1  Cytological Diagnosis of LSIL 
and HSIL

The Bethesda system of cervical cytology pro-
vides criteria for diagnosing various categories, 
beginning at NILM, ASCUS, LSIL, HSIL, and 
cancer, for liquid-based cytology (such as 
ThinPrep and SurePath) and conventional 
cytology.

The cytological criteria used for the diagnosis 
of LSIL (Fig. 6.2) include:

• Enlarged superficial cells with distinct bor-
ders; cells present singly or in groups.

• Enlarged nuclei of the squamous cells with at 
least 3× nuclear enlargement compared to the 
background intermediate cell nuclei; nuclear-
to-cytoplasmic ratio is only slightly increased.

• Perinuclear cytoplasmic vacuolation (the so- 
called koilocytic change), which has sharp 
delineation from dense, peripheral orangeo-
philic cytoplasm, in the presence of appropri-
ate nuclear changes.

• The nuclei tend to show hyperchromasia and 
slight irregularity (raisinoid appearance) and 
often show binucleation.

• The chromatin is coarsely granular to dense 
opaque, and nucleoli are either absent or small 
and inconspicuous.

As opposed to LSIL, the cytological changes of 
HSIL are seen more so in the intermediate and 
basal-like cells, which have cytoplasmic  appearance 
like that of “metaplastic” squamous cells. The cri-
teria diagnostic of HSIL (Fig. 6.3) are:

• Affected cells are present singly more often 
than in LSIL, and when present in clusters, the 
cells tend to have syncytial appearance with 
ill-defined borders.

• Nuclear hyperchromasia with variation in 
nuclear size and shape, marked nuclear 
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enlargement, and high nuclear-to-cytoplasmic 
ratios.

• Nuclear irregularities are marked and grooves 
are common. The nuclear membranes are 
thicker and pronounced.

• The chromatin is finer and evenly distributed. 

Similar to LSIL, the nucleoli are still 
uncommon.

• Also uncommon is keratinized cytoplasm in 
HSIL lesions; and when present, differential 
diagnostic consideration is with squamous 
carcinoma especially together with necrosis.

Fig. 6.2 Classic 
example of “koilocytic 
change” diagnostic of 
low-grade squamous 
intraepithelial lesion. 
The superficial cells 
show nuclear 
hyperchromasia, 
irregularity, and 
enlargement. The 
cytoplasm shows a 
clearly demarcated 
perinuclear halo (Pap 
stain, ThinPrep smear, 
600× magnification)

Fig. 6.3 Compared to 
the cells of LSIL (see 
Fig. 6.2), note the HSIL 
cells have marked 
variation in sizes of 
individual nuclei and 
thickened nuclear 
membranes (Pap stain, 
ThinPrep smear, 600× 
magnification)

C. Singh and G. N. Kim



75

6.3.2  Histological Findings 
of Squamous Intraepithelial 
Lesions

As discussed in detail elsewhere in this book, 
patients with cytological diagnosis of LSIL, 
depending on the age, may undergo co-testing for 
HPV and/or colposcopy-guided biopsy of the cer-
vix and/or endocervical curettage. Usually, on the 
other hand, patients with HSIL on cytology almost 
always have colposcopy followed by a biopsy or 
LEEP or cold knife cone. The purpose of the biopsy 
is either to confirm the cytological diagnosis or find 
a more worrisome component so that definitive 
management can be performed timely. As previ-
ously alluded to, the changes are usually first and 
often best seen at the functional border of endocer-
vical and squamous epithelium, the so-called 
“transformation zone” mucosa. The normal trans-
formation zone cells show proliferation of imma-
ture/basal layer and early squamous differentiation, 
but not keratinization/epidermidalization.

The LSIL (CIN1) lesions are generally flat; 
however, less commonly they may be exophytic 
(condyloma) or papillary. The major histologic 
criteria for diagnosis are prominent nuclear 
enlargement in superficial cells, at least three 
times the normal nuclear size. The transition 
from normal epithelium to LSIL is generally dis-
crete. As previously noted, the cells may show 
binucleation and/or multinucleation, and at least 
two such cells [7] are needed for a convincing 
diagnosis. Parakeratosis may be present, but is 
not required for the diagnosis. The basal layers 
are normal and do not show dysplastic features in 
LSIL.  When the surface epithelial features of 
LSIL coexist with loss of polarity, the presence of 
abnormal mitoses or a high mitotic rate, and 
atypia beyond the parabasal layers, it should 
invoke the diagnosis of HSIL and more particu-
larly CIN2.

The cells in CIN2 show surface epithelial 
koilocytosis or abnormal keratinization and/or 
bizarre nuclei; on the contrary, a complete lack of 
maturity characterizes CIN3 (HSIL). In the CIN3 
lesions, nuclear hyperchromasia involves full 
thickness of epithelium, with minimal to no 

 surface maturation and with irregularly spaced 
nuclei. The mitoses, both typical and atypical, 
can be seen in any layer of the squamous 
epithelium.

6.4  Morphology of Glandular 
Intraepithelial Lesions

Endocervical adenocarcinoma in situ (AIS) is a 
premalignant, high-risk HPV-related glandular 
counterpart of HSIL. Most cases of AIS are asso-
ciated with HPV18 followed by HPV16. Despite 
the continuity of glandular epithelium of endo-
cervix with squamous epithelium of ectocervix, 
at the transformation zone, AIS is less frequent 
than HSIL. However, most cases of AIS tend to 
have coexistent SIL.

Cytological criteria for diagnosis of AIS 
(Fig. 6.4), as detailed in the Bethesda system for 
reporting of cervical cytology, include:

• Sheets, clusters, or strips of glandular cells 
with nuclear crowding and overlap

• Nuclear elongation, stratification, and varia-
tion in size

• Hyperchromatic nuclei with coarsely granular 
to evenly distributed chromatin

• Presence of mitoses and/or apoptosis
• Inconspicuous to absent nucleoli
• Absence of tumor diathesis (tumor necrosis)

It is noteworthy that in glandular lesions, on 
cytological examination, the presence of 
 prominent nucleoli (Fig.  6.5) and/or diathesis 
should invoke the consideration for an invasive 
adenocarcinoma. A well-differentiated invasive 
adenocarcinoma can lack both the nucleoli and 
diathesis and is a challenging differential of AIS 
on cytology and histology.

Histologically, AIS can involve the epithelium 
of a group of glands or a single gland, either in 
entirety or in patches. Paramount to its diagnosis 
are preserved glandular architecture and enlarged, 
hyperchromatic, stratified nuclei with high 
mitotic and apoptotic rate. The cytoplasm can be 
muco-depleted to abundant and basophilic or 

6 Cervical Squamous Intraepithelial Lesions: A Pathologist’s Perspective



76

eosinophilic. Presence of glandular complexity 
and/or desmoplasia, AIS-like features in deeper 
glands and/or marked nuclear atypia even in 
superficial glands, should invoke the consider-
ation for invasive adenocarcinoma. This is an 
important distinction to make, and in difficult 
cases, review by multiple pathologists and/or 

consultation with an expert gynecologic patholo-
gist should be considered. Compared to the risk 
of squamous carcinoma in HSIL, AIS has a 
higher risk to transform to invasive adenocarci-
noma, which when stage-matched with squa-
mous carcinoma has higher risk of nodal 
involvement.

Fig. 6.4 Endocervical 
adenocarcinoma in situ 
with a hyperchromatic 
cell group that shows 
nuclear crowding. Noted 
at the periphery of the 
clusters are individual 
cells with “feathering” 
and high nuclear-to-
cytoplasmic ratios (Pap 
stain, ThinPrep smear, 
600× magnification)

Fig. 6.5 In this group, 
compared to that in 
Fig. 6.4, the nuclei have 
prominent nucleoli, and 
there is a variation in 
nucleolar size. Some 
cells have more than one 
nucleoli. These features 
are more suggestive of 
an invasive 
adenocarcinoma, 
compared to AIS (Pap 
stain, ThinPrep smear, 
600× magnification)
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6.5  Stratified Mucin-Producing 
Intraepithelial Lesion 
(SMILE)

These are uncommon lesions which are thought 
to arise from the reserve cells at the transforma-
tion zone. The current Bethesda terminology for 
cytologic reporting does not recognize SMILE as 
a diagnostic category, given that it would be a 
challenging lesion to diagnose on cytology and 
that its histologic features are like that of 
HSIL. SMILE have stratified immature cells that 
display intracytoplasmic mucin or cytoplasmic 
vacuoles. These mucinous cells are typically seen 
in the mid to lower layers of the epithelium. AIS- 
like gland formation is not identified in 
SMILE.  Most of the cases with SMILE-like 
lesions have coexistent HSIL or AIS or both.

6.6  Morphologic Evaluation 
of Cone and LEEP Excision 
Biopsies

Both cone and LEEP biopsies are procured once the 
diagnosis of cervical squamous or glandular intraep-
ithelial lesions has been established. The role of the 
pathologist in LEEP and cone biopsies includes:

• To estimate the burden of intraepithelial lesion 
or adenocarcinoma in situ (i.e., the number of 
quadrants involved)

• To identify if there is a potential more worri-
some component (e.g., invasive carcinoma in 
the setting of a previous CIN-3)

• To establish if the dysplasia extends higher 
into the endocervical canal

As such, during the evaluation of these speci-
mens, the endocervical margins of the cone and 
endocervical curetting specimen (which may be 
separately submitted depending on the local 
practice) must be evaluated carefully. Due to the 
location at the transformation zone, it is not 
uncommon for CIN3 to involve and extend into 
the endocervical glands; this phenomenon should 
be carefully distinguished from stromal invasion. 
In such cases, evaluation of the deep margin of 
cone or LEEP is equally important.

6.7  Differential Diagnoses

Apart from extension of the CIN into endocervi-
cal glands, and mimicking invasion, the other sig-
nificant differential diagnoses of cervical 
squamous intraepithelial lesions include radia-
tion atypia, immature repair, atrophy, immature 
metaplasia, polyp-associated atypia, and preg-
nancy implantation-associated atypia. The differ-
ential diagnoses for AIS include tubal or 
endometrioid metaplasia, reactive endocervical 
gland atypia, Arias-Stella-like reactions, etc.

While LSIL, HSIL, and AIS can be distin-
guished from each other and from reactive atypia 
in most cases, ancillary studies are both useful 
and required in others. Studies [8] have also 
shown that routine use of ancillary studies lowers 
the rate of major cytohistologic discrepancies 
and is associated with a higher rate of HSIL 
(CIN2+) diagnoses and lower CIN1/CIN2+ 
ratios. To understand HPV ancillary testing, an 
understanding of the HPV types and life cycle is 
critical.

6.8  The Human Papillomavirus

HPV, for which more than 200 different types 
have been studied thus far, is a circular, double- 
stranded DNA virus. It has strains that range 
from innocuous, nearly commensal to pathologic 
and infectious. While HPV infections are com-
monplace, and most infections are cleared by the 
host’s robust immune system, a persistent HPV 
infection can lead to stepwise and temporal pro-
gression from preneoplastic lesions to neoplasia 
[6]. Within the lower anogenital tract, HPV 
viruses are recognized as part of the alpha genus 
and are generally divided into two broad, mutu-
ally exclusive families: “low-risk” HPV and 
“high-risk” HPV.  The most common types of 
“low-risk” HPV include HPV 6 and 11, while 
“high-risk” types include 16, 18, 31, 33, 35, 39, 
45, 51, 52, 56, 58, and 59, to name a few. Viral 
oncogenic potential is the main distinguishing 
characteristic between the “low-risk” and “high- 
risk” groups, in that “low-risk” HPV types con-
tribute to the pathogenesis of benign mucosal 
lesions without potential for significant clinical 
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progression, while the “high-risk” HPV types 
carry notable malignant potential, not only as 
mucosal carcinomas but also as precursor muco-
sal lesions [4–6, 9].

High-risk HPV types distinguish themselves 
from low-risk types by their ability to integrate 
the viral genome into the host DNA.  However, 
depending on the specific high-risk HPV type, a 
viral genome may or may not be integrated within 
the affected tumor cells of cervical carcinoma. In 
particular, the most common high-risk HPV 
strain that occurs in cervical carcinoma, HPV 16, 
exhibits integration of viral genome into the 
host’s DNA in approximately 70% of cervical 
cancer cases. Similarly, nearly 100% of HPV 
18-infected carcinomas have integration of viral 
sequences [10]. The remainder of the cases dem-
onstrates viral episomes within the affected cell 
without integration.

6.8.1  Life Cycle of the Human 
Papillomavirus

Despite the significant differences between low- 
risk and high-risk HPV types, the broad princi-
ples of the HPV life cycle are comparable. The 
episomal genome of the HPV virus has three dis-
tinct sets of encoding regions: (a) the early genes 
(E1, E2, E4, E5, E6, E7, E8), (b) the late region 
(proteins L1 and L2 coding the viral capsid), and 
(c) the long control region (LCR) or the upstream 
regulatory region (URR) [9]. The first inciting 
event in the HPV life cycle is infection, which 
introduces virions into the nucleus of the squa-
mous epithelial basal cells secondary to surface 
epithelial trauma. At this point in the life cycle, 
the viral episome remains extrachromosomal and 
undergoes viral genome replication, with copy 
numbers ranging from 50 to 200 copies per 
infected cell. Once a constant copy number is 
reached, the life cycle enters a maintenance phase 
[10]. The vital players in the steps of replication 
and maintenance are the E1 and E2 genes which 
regulate transcription and replication.

After replication, a daughter cell of the infected 
undifferentiated basal cell travels away from the 
basal layers and into the superficial layers where 

it enters a period of squamous differentiation. 
Differentiation normally halts replication within 
suprabasal cells; however, in infected cells, repli-
cation is maintained. This process is called “cell 
cycle reentry,” signifying aberrant reentry of 
superficial cells into S-phase of the cell cycle to 
allow for viral amplification. Of note, in some 
scenarios of high-risk HPV infection, the infec-
tion may remain dormant in the basal cells with-
out further propagation into the upper squamous 
layers and without clinical evidence of an HPV-
driven lesion. As such, the detection of high-risk 
HPV by ancillary testing does not necessarily 
equate to the presence of a dysplastic lesion [11]. 
In such cases of dormancy, as well as in low-risk 
HPV infections, the significance of the two pro-
teins vital for neoplastic cellular proliferation, E6 
and E7, is not well known. On the contrary, the 
role of E6 and E7 protein in high- risk HPV types 
is critical for neoplastic growth [10].

E6 and E7 are proteins transcribed from early 
viral genes, which are critical in high-risk HPV 
types as oncogenic drivers. E6 binds and targets 
tumor suppressor protein p53 for inactivation, 
which renders p53 incapable of its normal func-
tion of pausing cell cycle progression and signal-
ing cell death when cell cycling is overstimulated. 
Only in high-risk HPV types is p53 marked for 
ubiquitination and degradation [10]. E7, on the 
other hand, binds with retinoblastoma (Rb) pro-
tein, also signaling this protein for degradation. 
The absence of Rb protein function prevents the 
proper functioning of proteins that usually regu-
late S-phase entry [4]. Interestingly, a critical dif-
ference in low-risk and high-risk HPV types is 
the affinity of E7 protein to Rb. The binding 
affinity of E7 to Rb in low-risk HPV is ten times 
weaker when compared to that of high-risk HPV 
types. Low-risk HPV also lacks affinity to the 
entire family of Rb proteins, while high-risk 
HPV can target all members. In addition, integra-
tion of the viral genome into the host’s DNA is 
not a calculated event but rather one of chance, 
often occurring at weak points in the host’s 
genome [10]. During integration, the E2 locus, 
which is responsible for keeping E6 and E7 gene 
products at lower levels, is often damaged allow-
ing for uncontrolled E6 and E7 production [6].
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One of the late events during the HPV life 
cycle is the assembly of virions that solely occurs 
in the superficial squamous cells. L1 and L2 are 
late gene products for major and minor capsid 
proteins. A single viral genome is packaged in 
the capsid, and this virion is then released during 
natural cell shedding of terminally differentiated 
keratinocytes [4, 6, 12].

6.8.2  Laboratory Testing for HPV

The confirmation of HPV in tissue samples has 
become an adjunctive test in the diagnosis and 
management of dysplastic lesions and, more 
recently, the prognosis of malignant tumors. For 
instance, the finding of high-risk HPV in a head 
and neck squamous cell carcinoma has been 
shown to have improved therapy response and 
disease-free survival compared to HPV-unrelated 
carcinomas [13]. HPV detection methods are of 
two types, indirect methods and direct methods. 
The indirect methods rely on the life cycle of 
HPV, and since HPV virus cannot be cultured in- 
vitro, the direct methods of detection are predom-
inantly molecular-based [14].

Various tests for HPV detection and their clini-
cal implications are discussed in Chap. 9, and the 
reader can refer to that chapter for details. Only a 
brief mention of the tests will be done here.

6.8.2.1  Indirect Methods
The indirect methods use surrogate markers of 
HPV infection, such as p16 immunostaining and 
Pro-Ex C.

P16 Immunostaining
Immunostaining for p16 exhibits block positivity 
(strong nuclear and cytoplasmic reactivity) in 
high-grade lesions (CIN-2 and CIN-3, and AIS). 
This relies on the principle that the p16 protein is 
upregulated with disruption of Rb protein func-
tion by E7  in high-risk HPV-associated lesions. 
Consequently, it is more so a surrogate marker of 
high-risk HPV type. The staining in reactive 
atypia and in low-risk HPV-associated lesions 
tends to be patchy and weak. The advantage in 
using p16 immunostain is the ease and objectiv-

ity in interpretation by pathologists on routine 
tissue biopsies, obtained for follow-up after Pap 
smear or a previous diagnosis of dysplasia. The 
published literature shows large inter-observer 
variability found by multiple studies in the diag-
nosis and grading of CIN by pathologists. This 
has been attributed variously to:

• Technical factors: Small biopsy, poor process-
ing, incomplete representation, thermal crush, 
and other artifacts.

• Patient-related factors: Pregnancy, meno-
pause, exogenous hormone, coexistent infec-
tions, and prior radiation.

• Pathologist-related factors: These are mainly 
seen in grading, especially when the epithe-
lium is thin, metaplastic, or denuded.

Study by Singh et al. [8] has shown that the 
more frequent use of an objective marker such as 
p16, alone or together with Ki-67 (which is a 
marker of proliferation), in difficult cases, allows 
pathologists to modify their diagnostic thresholds 
and render a more objective diagnosis between 
low-grade (CIN-1) and high-grade (CIN-2 +) 
lesions. The LAST working group advocates the 
use of p16 in the following situations:

• To differentiate HSIL from benign mimics 
(such as immature metaplasia or atrophy)

• To classify indeterminate lesions (essentially 
CIN 2 in the old terminology) as either LSIL 
or HSIL

• To reach a consensus on possible cases of HSIL 
with differing pathologists’ interpretation

Pro-Ex C Assay
Pro-Ex C is another immune-cytochemical assay, 
which is an S-phase proliferation marker with a 
specific pattern of staining. TOP2A and MCM2 
are S-phase proteins, which are induced upon 
integration of HPV viral DNA into the host 
genome, leading to increased levels of E6 and E7 
proteins. This leads to aberrant S-phase induction 
and at the morphological level correlates with 
high-grade dysplasia. In cervical biopsies, posi-
tive staining for Pro-Ex C is defined by staining 
of nuclei of more than half of the mucosal 
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 thickness. While Pro-Ex C has been shown to be 
a more specific marker than Ki-67, its specificity 
and sensitivity are lower compared to p16. For 
this reason and due to difficulties in laboratory 
validation and standardization of Pro-Ex C stain, 
p16 immunostaining continues to be the pre-
ferred marker for indirect testing of high-risk 
HPV in dysplastic lesions.

6.8.2.2  Direct Methods
The predominance of innovation in HPV detec-
tion has been in the arena of direct methodology. 
The most frequently used assays currently are 
signal amplification assays and nucleic acid tar-
get amplification assays, five of which are FDA- 
approved in the United States. The majority of 
these tests detect HPV genomic DNA. The first to 
be FDA-approved was the Digene Hybrid 
Capture 2  in 2003, followed by Hologic’s 
Cervista HPV HR and Cervista HPV 16/18  in 
2009. The Roche Cobas HPV test was more 
recently approved for testing in 2011.

 1. Signal Amplification Tests
• The Digene Hybrid Capture 2 High-Risk 

HPV DNA Test: RNA probes are utilized 
directly against HPV DNA of 13 high-risk 
HPV types (HPV 16, 18, 31, 33, 35, 39, 45, 
51, 52, 56, 58, 59, and 68). If these viral 
genotypes are present, a DNA-probe hybrid 
is formed in a solution of isolated DNA 
from the patient’s sample and recognized 
by a chemiluminescent compound. The 
intensity of the emitted light is propor-
tional to high-risk HPV DNA content, and 
a semiquantitative value beyond a desig-
nated cutoff determines reporting of the 
specimen as positive or negative for 
HPV. This assay can be automated on the 
Qiagen Rapid Capture System resulting in 
high-throughput processing [14].

• The Cervista HPV HR Test: This test by 
Hologic utilizes a specific proprietary 
method called Invader. A cocktail of oligo-
nucleotide probes targeting 14 high-risk 
HPV genotypes (16, 18, 31, 33, 35, 39, 45, 
51, 52, 56, 58, 59, 66, 68) and the Invader 
probes are added to the isolated specimen 

DNA, which ultimately results in a confor-
mational change at the target. The Cervista 
assay is automated, and the presence of an 
internal control is beneficial in that it 
accounts for specimen cellularity. Cervista 
HPV 16/18 is a reflex test similar to the 
Cervista HPV HR and also uses the same 
Invader chemistry technology; however, 
the probes are specific to HPV strains 16 
and 18 only [14].

• Cobas 4800 HPV Test: It is the newest edi-
tion of a real-time PCR assay that is spe-
cific to 14 high-risk HPV types and also 
HPV16/18 as a distinct duo. Hence, the 
Cobas test is unique in that it can simulta-
neously report a pooled result on 12 high- 
risk HPV types and also individual HPV 16 
and 18 genotype results without extra cost. 
In contrast, all prior PCR-based assays tar-
get a combination of both low- and high- 
risk HPV types. The Cobas 4800 HPV test 
is the only FDA-approved test that can be 
used singularly without an adjunctive Pap 
test for cervical cancer screening in women 
over the age of 25 years. Additionally, all 
the aforementioned FDA-approved HPV 
tests are approved only for ThinPrep cervi-
cal specimens and not SurePath, with the 
exception of the Cobas HPV test, which 
was approved for use on SurePath- collected 
cells on July 7, 2016 [14].

• Aptima HPV Assay: A FDA-approved 
HPV assay which utilizes the fully auto-
mated GenProbe TIGRIS DTS System. It is 
the only assay which detects E6 and E7 
mRNA via transcription-mediated amplifi-
cation. Detection of viral oncogenes E6 and 
E7 serves as direct evidence of HPV tran-
scriptional activity, and this is regarded as 
the gold standard in confirmation of clini-
cally relevant HPV infection [13]. E6 and 
E7 mRNA transcripts are highly specific to 
HPV genotypes, and as such, the Aptima 
assay can detect mRNA of 14 high-risk 
HPV genotypes. Unlike the Cobas system, 
the Aptima assay cannot differentiate 
between the 14 genotypes nor specify the 
presence of HPV 16/18. In women in which 
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the Aptima HPV assay is positive, the spec-
imen can be further tested by the Aptima 
HPV 16 18/45 genotype assay [14].

 2. Nucleic Acid Hybridization Assays
• Historically, the Southern blot and dot blot 

hybridizations have been available; how-
ever, due to their labor-intensive tech-
niques, high DNA content requirements, 
and low overall sensitivity, these methods 
are not being used [15].

• HPV DNA in situ hybridization (ISH) test: 
This test is no longer commercially avail-
able, though laboratory-validated editions 
do still exist. It targets 21 HPV genotypes 
inclusive of the most common high-risk 
HPV genotypes and few low-risk geno-
types [16]. In situ hybridization is per-
formed on a tissue section similar to 
immunohistochemistry, and thus, advanta-
geously, the morphologic context of the 
lesion in question remains intact during the 
evaluation process, though the sensitivity 
of the DNA ISH test is low.

• RNA in situ hybridization tests: These tests 
use a similar technique, and only one, the 
Ventana Inform HPV III, is currently com-
mercially available for clinical use [17]. 
The Inform HPV III ISH test targets E6 
and E7 mRNA of either a pooled high-risk 
HPV panel of 18 subtypes (16, 18, 26, 31, 
33, 35, 39, 45, 51, 52, 53, 56, 58, 59, 66, 
68, 73, and 82), a pooled low-risk HPV 
panel of 10 subtypes (6, 11, 40, 43, 44, 54, 
69, 70, 71, and 74), or a focused detection 
of HPV 16/18. The Ventana Inform HPV 
III demonstrates different patterns of stain-
ing that can detect either episomal or inte-
grated HPV genetic material; however, the 
test has been plagued by interlaboratory 
variability, with complications of back-
ground staining and low sensitivity [17].

• RNA ISH test: The latest addition to the 
armamentarium of HPV tests is developed 
by Advanced Cell Diagnostics. It has been 
studied to have superior sensitivity and 
specificity compared to p16 immunohisto-
chemistry, DNA ISH, and DNA PCR [11, 
13, 18, 19], along with a high concordance 

rate with p16 immunostaining. Mills et al. 
[14] recently in mid-2017 demonstrated its 
usage on the clinically available Leica 
Bond III. Compared to DNA-based detec-
tion systems and particularly PCR assays, 
RNA ISH testing is promising in that it is 
not overly sensitive in detecting HPV DNA 
in samples without cytologic or histologic 
changes of viral infection but also direct 
detection of E6 and E7 mRNA viral onco-
genes may be more clinically relevant 
since E6 and E7 mRNA detection corre-
lates with active HPV transcription and 
proliferation of lesions [11, 18].

The choice between the abovementioned 
direct methods of HPV testing is largely based on 
extraneous factors such as the size of the labora-
tory, the test volume, the available infrastructure, 
and the preference of the clinicians between HPV 
testing and cytology for primary screening of cer-
vical lesions. It is noteworthy though that in April 
of 2014, the FDA approved the use of the Roche 
Cobas HPV assay for primary cervical cancer 
screening in women over the age of 25 years, 
without the concomitant Pap test. This approval 
recommended either colposcopy or a Pap cytol-
ogy for patients with specific high-risk HPV 
types detected by the HPV test.

6.9  Conclusion

In conclusion, this chapter highlights the differ-
ent aspects of life cycle of HPV and upregulation 
of p16 due to integration of genome of hrHPV in 
the host DNA.  In the biopsy specimens, p16 
immunostain can serve as a surrogate marker for 
hrHPV detection and in differentiating low-grade 
squamous intraepithelial lesions from high-grade 
squamous intraepithelial lesions. Alternatively, in 
cellular material obtained for Pap smear, molecu-
lar methodologies detailed in this chapter may be 
used to detect and sub-type HPV into high-risk 
and low-risk groups. Detection of hrHPV and/or 
a HSIL lesion is the action threshold for a more 
frequent follow-up and/or a cone/LEEP proce-
dure, based on the current ASCCP guidelines.
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Key Points
• The cytological criteria used for the diagnosis 

of LSIL include enlarged superficial cells with 
nuclear enlargement to at least three times the 
reference intermediate cell and perinuclear 
cytoplasmic vacuolation.

• The important cytological features of HSIL 
include nuclear hyperchromasia with very 
high nuclear-to-cytoplasmic ratio, marked 
nuclear irregularities with grooves, and thick 
nuclear membranes.

• The cytological features of glandular intraepi-
thelial lesions include sheets, clusters, or strips 
of glandular cells with nuclear crowding and 
overlap, nuclear elongation, stratification and 
variation in size, presence of mitoses and/or 
apoptosis, and inconspicuous to absent 
nucleoli.

• SMILE are uncommon lesions which are 
thought to arise from the reserve cells at the 
transformation zone; Bethesda terminology 
does not recognize SMILE as a diagnostic cat-
egory, given that it would be a challenging 
lesion to diagnose on cytology and that its his-
tologic features are like that of HSIL.

• Tests for HPV detection include indirect 
methods (p16 immunostaining and Pro-Ex C) 
and direct methods (signal amplification tests 
and nucleic acid hybridization assays).
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7.1  Introduction

Cervical cancer is the only female genital tract 
cancer which can be diagnosed and treated in 
precancerous state by simple screening tech-
niques. The incidence of the disease has come 
down drastically in countries which have suc-
cessfully implemented the screening pro-
grammes. Cytology, visual inspection with acetic 
acid, visual inspection with Lugol’s iodine and 
various HPV diagnostic tests have been used 
alone or in sequencing for screening. With the 
advent of newer diagnostics tests with better sen-
sitivity and specificity, it has been possible to tri-
age patients more effectively. This has also 
helped in increasing the screening interval lead-
ing to better compliance. Cytology and HPV test-
ing are the two main methods which are 
universally adopted for primary screening of cer-
vical cancer.

7.2  Cytology

Cervical cytology involves evaluation of exfoli-
ated cervical cells. The cells from the cervix are 
collected with the help of cytobrush and spatula 
and examined microscopically for any abnormal-

ity. The concept of cytology was introduced by 
George Papanicolaou in 1920 and is named after 
him as Pap smear. There have been many modifi-
cations in the reporting system since then [1]. He 
originally classified findings of cervical cytology 
into five major categories (classes I–V) depend-
ing upon their resemblance to malignant cells 
(Table 7.1).

The concept of dysplasia was then introduced 
by Reagen et  al. [3] in the 1950s and cervical 
intraepithelial neoplasia by Richart et  al. [4] in 
the 1960s leading to modification of classifica-
tion by the World Health Organization. In 1988, 
The Bethesda system (TBS) was devised to stan-
dardize cervical cytology nomenclature [5]. It 
broadly categorized clinically similar intraepithe-
lial lesions into low-grade squamous intraepithe-
lial lesion (LSIL) and high-grade squamous 
intraepithelial lesion (HSIL). Koilocytic changes 
in the smear and early precancerous lesions, i.e. 
cervical intraepithelial neoplasia I (CIN I), were 
clubbed as LSIL. Higher-grade lesions like CIN 
II and III were labelled as HSIL.  TBS is now 
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Table 7.1 Classification of cervical cytology [2]

Class Description
I Absence of atypical or abnormal cells
II Atypical cytology, but no evidence for 

malignancy
III Cytology suggestive of, but not conclusive for, 

malignancy
IV Cytology strongly suggestive of malignancy
V Cytology conclusive for malignancy
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internally accepted as a standardized method of 
reporting cervical cytology. The reporting system 
was re-revised in 2006 in the Bethesda Workshop 
and is being followed all over the world.

Decrease in incidence of cervical cancer with 
the use of conventional Pap smear in primary cer-
vical cancer screening itself strongly supported 
the efficacy of the method. However, the accu-
racy of technique was questioned on critical 
 evaluation of the results. Meta-analysis of 62 
studies by Fahey et al. compared Pap tests with 
histology and found sensitivity of cytology rang-
ing 11–99% and specificity ranging 14–97%. Pap 
test was unable to achieve both high sensitivity 
and specificity, concurrently [6]. False negative 
rate of Pap test was about 14–33% and usually 
occurred due to sampling or slide preparation 
limitations [7]. As only a small part of the sample 
is taken and smeared on the Pap slide and most of 
the sample is discarded with the collecting 
device, using this method leads to inaccuracies 
and equivocal diagnosis.

To overcome these limitations, in the mid- 
1990s, liquid-based cytology (LBC) was intro-
duced. The first LBC approved by US Food and 
Drug Administration (FDA) was ThinPrepR Pap 
test (Hologic, Inc., Marlborough, MA) followed 
by the SurePathTM Pap test (Becton, Dickinson 
and Company, Franklin Lakes, NJ) in 1999. In 
this method a spatula with sample was immersed 
directly into the preservative solution rather than 
being spread on a slide. An automated process is 
used to process the sample, so that the impurities 
and dead cells are filtered out. The processed sam-
ple is then used to form a monolayer on the slide 
which is first analysed by a computer-based 
imager and then reviewed by a pathologist and/or 
cytotechnologist. With the change in sample col-
lection technique and betterment of sample qual-
ity, the clinical sensitivity of single LBC test in 
detection of high-grade lesions is reported from 
88% to 93% which is much better than conven-
tional Pap smear [8, 9]. Hence, the advantage of 
LBC over conventional Pap test became obvious 
not only in advancement in technology but also in 
detecting precancerous lesions or cervical cancer.

The advantage of ThinPrep Pap test was 
emphasized in the pivotal trial where it was 
shown that ThinPrep test provides a 65% increase 

(P < 0.001) in diagnosis of LSIL or greater cytol-
ogy and better specimen quality compared with 
conventional Pap test (P < 0.001) [10]. Similarly, 
the SurePath Pap test showed increased detection 
rate of LSIL by 47% (P = 0.0011) and high-grade 
squamous intraepithelial lesions by 116% 
(P = 0.0002), respectively, as compared with the 
conventional Pap test [11]. After these results in 
early 2000, there was a drastic increase in lab 
offering only liquid-based cytology (9.3% vs. 
25.5%) as compared to only conventional Pap 
testing (24.4% vs. 13.7%) [12].

Contrasting results were however shown in a 
meta-analysis of 109 studies by Arbyn et al. that 
compared test adequacy and results of conven-
tional Pap with LBC. In only six studies, cytology 
tests were verified with histopathology. Pooled 
sensitivity and specificity in these studies with 
gold standard verification for HSIL were 57% and 
97%, respectively, for LBC and 55.2% and 96.7% 
for conventional Pap smear. When atypical squa-
mous cells of undetermined significance (ASCUS) 
were taken as cut-off, the pooled sensitivities and 
specificities were 90.4% and 64.6% for LBC and 
88.2% and 71.3% for conventional Pap, respec-
tively. Hence, it was concluded that for detection 
of HSIL, LBC and conventional cytology have 
equal sensitivity and specificity [13].

Despite liquid-based cytology showing con-
troversial data in some studies, it is being widely 
adopted all over the world, including cancer 
screening programmes in developed countries. 
To add to it, many high-income countries are 
investigating molecular testing as a complemen-
tary screening test to cytology. Being objective in 
nature, molecular-based HPV testing has been 
shown to be of importance in identifying women 
at risk for developing preinvasive lesions of the 
cervix and later invasive cancer, decreasing sub-
jective errors in cervical cytology reporting [14].

7.3  HPV DNA Testing

Human papillomavirus (HPV) has around 40 
genotypes which can affect the genital mucosa of 
which around 13 are high-risk type. Infection and 
persistence of these high-risk types lead to the 
development of precancerous conditions of the cer-
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vix, which can further progress to invasive cancer. 
Ninety-nine percent of cervical cancers are caused 
by HPV infection. Genotype 16, 18, 31 and 33 are 
responsible for 80% of the cervical cancers [15]. 
So, HPV molecular-based detection and genotyp-
ing technologies may have an added advantage 
when used for screening cervical cancer.

HPV DNA is presently detected by three prin-
cipal methods: (1) direct probe methods (e.g. 
Southern transfer hybridization and in situ 
hybridization [ISH]); (2) signal amplification 
(e.g. hybrid capture second-generation [HC2] 
assay); and (3) target amplification (polymerase 
chain reaction [PCR] variants).

7.3.1  Direct Probe Method

This method involves direct hybridization with 
DNA probes like in situ hybridization or Southern 
blotting. In 1980, in situ hybridization using 
cloned or synthetic oligonucleotide probes was 
first used for HPV detection. This clinically 
applicable method had the benefit of retaining the 
cellular structure and localization [16, 17]. 
However, Southern blot test used initially for 
hybridization technique showed variable results. 
Hence, clinical utility of this test was question-
able and not recommended for routine practice.

7.3.2  Signal Amplification

Signal amplification, as the name suggests, 
amplified the detection signals without causing 
any modification in initial amount of nucleic 
acids in the sample. Hence, as compared from 
direct methods, lower amount of DNA could be 
detected with this method. It includes the second- 
generation hybrid capture assays [18].

7.3.2.1  Hybrid Capture HPV DNA Assay 
(Digene, Gaithersburg, MD)

This technique utilizes two non-isotopic single- 
stranded long RNA probes. Five low-risk types 
(6, 11, 42, 43 and 44) are detected by probe A, 
and 13 high-risk types (16, 18, 31, 33, 35, 39, 45, 
51, 52, 56, 58, 59 and 68) are detected by probe 
B mixture. Each probe is separately used for 

hybridization with patient’s sample which con-
tains whole HPV DNA. The specific HPV DNA 
-RNA hybrids thus formed are added to antibod-
ies specific to RNA-DNA hybrids coated microti-
ter plate leading to capture or immobilization of 
previously formed HPV DNA-RNA hybrids on 
the plate. The captured hybrids are bound to anti-
bodies conjugated to alkaline phosphatase. 
Chemiluminescent substrate is added to it after 
removing the excess antibodies and non- 
hybridized probes. Viral load is calculated by 
using a luminometer (detects remaining immobi-
lized hybrids) in which the intensity of light emit-
ted by the sample is divided by the light emitted 
by a positive control which corresponds to the 
quantity of target DNA in the patient’s specimen. 
However, this is an expensive and time- 
consuming test. To reduce the expenses, only 
high-risk probes are mostly used, and the result is 
interpreted as positive or negative for a high-risk 
group.

7.3.2.2  Care HPV (Qiagen, 
Gaithersburg, MD)

The major limitation with all the above tests is the 
high cost and time taken for the results. Care HPV 
is a rapid test broadly based on the principle of 
HC assay. It takes less than 2.5 h in contrast to 6 h 
with HC2 and requires minimum infrastructure. 
The contributing factor to this advantage is the 
unique reagents used in patient collection device 
which does not need prolonged mechanical agita-
tion. The surfactant in it is nontoxic and quickly 
solubilizes cervical specimens. Also, magnetic 
beads are used in place of microtiter plates, and 
temperature requirements are varied in some steps 
as compared to HC2. Care HPV efficacy was first 
evaluated in a comprehensive study done in 
Shanxi province of rural China, where screening 
tests Care HPV, HC2 and simple visual inspection 
with acetic acid (VIA) were compared with gold 
standard colposcopy with biopsy. With Care HPV, 
the sensitivity and specificity to detect high-grade 
CIN (CIN 2 and higher) were 90% and 84% as 
compared to HC2 (97% and 86%) and VIA (41% 
and 95%) [19]. This test is ideal for developing 
countries as it is a rapid test, does not require 
much expertise and can be performed under limi-
tation of space and temperature.
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7.3.2.3  Target Amplification
Nucleic acid amplification techniques have 
brought into light the natural history of HPV 
infection. PCR has high sensitivity in detecting 
most genital HPV types and in variant analysis of 
HPV types. Type-specific PCR and consensus 
PCR are the two principle techniques in detecting 
HPV. Type-specific PCR test targets a sequence 
of viral genes leading to amplification of single 
HPV genotype. Practical feasibility of type- 
specific PCR is however questionable due to a 
large number of HPV in genital infections. 
Consensus PCR assay amplifies the majority of 
anogenital HPV genotypes in one reaction. 
Amplified genes are then typed using filters by 
hybridization with type-specific oligonucleotide 
probes [18].

7.3.2.4  Line Blot HPV Test
It is a L1 consensus primer-based PCR assay 
which uses PGMY09/11 following which line 
blot assay is done. In this test multiple probes are 
fixed as lines on a membrane strip. Twenty-seven 
HPV genotypes (6, 11, 16, 18, 26, 31, 33, 35, 39, 
40, 42, 45, 51–59, 66, 68, 73, 82, 83, 84) are 
detected using reverse line blot hybridization. 
Additional 11 non-oncogenic types (61, 62, 64, 
67, 69–72, 81, 82, 89) can also be detected by an 
extended version of this test. This test has been 
used in multiple past studies in research settings 
to examine the molecular epidemiology of 
HPV. Commercial version of this test, LINEAR 
ARRAY test, is widely used in research settings 
but is not US FDA cleared. This qualitative test 
detects 37 high- and low-risk HPV genotypes. 
Comparison between linear assay and HC2 test 
was evaluated in a study on 3,488 women with 
ASCUS on Pap testing at baseline. The sensitiv-
ity (93% vs. 93%), specificity (48% vs. 51%), 
negative predictive value (99% vs. 99%) and 
positive predictive value (15% vs. 15%) of the 
baseline detection of high-risk HPV types (HPV 
types 16, 18, 31, 33, 35, 39, 45, 51, 52) to predict 
biopsy-proven cervical intraepithelial neoplasia 
(CIN) grade 3 at 2 years were similar when com-
paring both tests, respectively [20].

7.3.2.5  AMPLICOR HPV Test
This test involves amplification of target DNA by 
polymerase chain reaction followed by nucleic 
acid hybridization to various HPV types. The 13 
high-risk HPV types detected by HC2 are also 
detected by AMPLICOR utilizing the amplifica-
tion of beta-globin gene which is essential for 
sample integrity and adequacy. AMPLICOR test 
is like HC2 in terms of performance characteris-
tics to determine the presence or absence of any 
high-risk HPV type (except the specific HPV 
genotype). 23 AMPLICOR is not clinically 
approved by the US FDA but has Europe approval 
for clinical use.

7.3.2.6  The Cobas HPV Test
The US FDA has approved CobasR 4800 HPV 
test, a qualitative in vitro test, for the detection of 
HPV in specimens of patients. This test is effi-
cient enough for detection of 14 high-risk HPV 
types in single analysis by amplification of target 
DNA by the polymerase chain reaction (PCR) 
followed by nucleic acid hybridization. This test 
specifically detects HPV 16 and 18 types with 
concurrent detection of rest of high-risk types 
(31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66 and 68). 
The test was validated on CIN 2+ lesions in 
ATHENA trial [21].

7.4  HPV Viral Load Evaluation  
by Real-Time PCR

The real-time PCR evaluates the viral load 
(amount of HPV DNA) in a cervical sample. 
Utility of HPV detection methods is improved by 
real-time PCR. Real-time PCR assay by measur-
ing the increase of fluorescence released during 
the amplification reaction gives accurate mea-
surements of the initial copy number of target 
DNA present in samples. This advantage cannot 
be gained with conventional PCR.  Real-time 
PCR incorporates amplification by rapid thermo-
cycling with fluorescence detection. For each 
specimen from patient, a human gene (such as 
beta-globin) and HPV DNA can be amplified. 
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The signal hence obtained is then compared with 
concentration reactivity from a titration curve of 
HPV and cellular DNA. The signal obtained for 
HPV DNA is then adjusted with the amount of 
cellular DNA deduced from the signal obtained 
with beta-globin amplification [22].

Despite the limitation of this method in 
sequencing multiple HPV genotypes, it is a use-
ful method to identify specific HPV types [23].

7.5  HPV mRNA Testing

Overexpression of the viral oncogenes E6 and E7 
is the real causative factor for cervical cancer and 
not HPV infection per se as earlier thought. Too 
many ‘false positives’ are identified with DNA 
assays as episomal HPV DNA may be present, 
but the infection regresses and there is no clinical 
disease. However, when HPV persists and inte-
grates, overexpression of E6/E7 mRNA occurs; 
there is less probability of infection to regress. 
APTIMA test for detection of E6/E7 mRNA is 
more specific for detecting the progression of 
disease. Seeing the fact that specificity of HPV 
DNA tests for CIN 3+ is low and the positive pre-
dictive value is low in groups with low incidence, 
it implies that test for detection of overexpression 
of E6 and E7 messenger RNA is more specific 
than a test that detects the presence of viral 
DNA. E6/E7 mRNA of five main high-risk HPV 
types (16, 18, 31, 33 and 45) which are responsi-
ble for 86% of cervical cancers is detected by 
HPV mRNA test PreTect HPV-Proofer [24].

7.6  HPV and Cytology Co-testing

In 2012 the American Cancer Society (ACS) 
updated the guideline on screening for early 
detection of cervical precancerous lesions and 
cancer by including HPV DNA testing in screen-
ing [25]. FDA has approved HPV DNA testing as 
a primary screening test only in conjunction with 
cervical cytology and only in women aged 30 
years and older. The 2012 screening guidelines 
for cervical cancer are stated in Table 7.2.

Women who are negative for both cytology 
and HPV test should be screened less frequently 
as they are at very low risk for CIN 3+. This fact 
was evaluated in a prospective cohort study car-
ried out on 332,000 US women of age 30 years 
and older who underwent co-testing with cervical 
cytology and HPV DNA every 3 years. Incidence 
of CIN 3+ in women negative for both tests was 
0.047% at 3 years and 0.16% at 5 years [26]. In 
another study involving 43,000 women aged 
29–61 years, co-testing was carried out every 5 
years for 15 years in one half of the patients. 
Incidence of CIN 3+ in those negative for both 
tests was 0.01% (95% confidence interval [CI], 
0.00–0.05%) at 9 years and 0.07% (95% CI, 
0.03–0.17%) at 14 years of follow-up [27]. 
Hence, it was concluded that screening more fre-
quently than every 3 years is not very fruitful as it 
would only increase the cost and lead to over-
treatment, causing no improvement in sensitivity 
[28, 29].

It has been shown in many studies that women 
with CIN 2 positivity are better identified by 

Table 7.2 ACS-ASCCP-ASCP 2012 screening 
guidelines

Population
Recommended 
screening method Comments

Age <21 
years

No screening Irrespective of 
onset of sexual 
activity

Age 21–29 
years

Cytology alone 
every 3 years

No role of HPV 
testing
No role of yearly 
testing

Age 30–65 
years

HPV and cytology 
co-testing every 5 
years (preferred)
Cytology alone 
every 3 years 
(acceptable)

Age >65 
years

No screening 
following adequate 
negative prior 
screening

Women with 
history of CIN 2 
or higher should 
continue screening 
for 20 years

After 
hysterectomy

No screening No history of CIN 
2 or more for the 
past 20 years or 
cervical cancer 
ever

7 Cytology and HPV Testing in Primary Cervical Cancer Screening



88

HPV DNA testing than with cytology (range of 
sensitivities 84–97%). In a randomized trial in 
women aged 30–69 years, where both Pap and 
HPV testing were used, sensitivity of HPV was 
found to be 95% as compared to Pap cytology 
where it was 55%. The combined use of HPV and 
cytology had a sensitivity of 100% and referral 
rate of 7.9% [30].

Although HPV DNA has better sensitivity than 
cytology, it lacks in specificity. It has been found 
that cytology has a specificity of 97% compared 
with 94% for HPV testing in women older than 30 
years [30]. Women younger than 30 years who 
have transient HPV infection have even lower 
specificity of HPV DNA testing. So, efforts in 
detecting such women would add to unnecessary 
follow-up workload and expenses. However, few 
reports have found that though sensitivity increases 
with co-testing, this strategy adds a little when 
compared with primary HPV screening alone.

7.7  HPV as a Primary Screening 
Tool

ACS-ASCCP-ASCP 2012 guidelines discussed 
the application of HR-HPV testing alone as a pri-
mary screening tool, but there was no official rec-
ommendation for its regular use in screening. At 
present many studies carried out on women over 
30 years of age support efficacy of HPV testing 
as a primary screening modality alone. Accuracy 
of HPV testing in screening helps in increasing 
the screening interval leading to more comfort 
for the patients, more compliance and better cost- 
benefit ratio. Meta-analysis by Arbyn et  al. 
including 49 studies (with eight randomized con-
trolled trials) strongly proved HPV test to be 
more sensitive as compared to cytology for CIN 
2+ and CIN 3+ detection. Also, in the second 
round of screening, HPV-negative women had 
lower incidence of CIN 3+ as compared to 
cytology- negative women [31].

In the ARTISTIC screening trial, HPV and 
cytology testing were compared in terms of effi-
cacy in detecting CIN 2 or worse (CIN 2+) and 
CIN 3 or worse (CIN 3+). HPV testing is done 
using the HC2 (Qiagen) assay for high-risk types 

and genotyped by linear array (Roche) and 
PapilloCheck (Greiner) assays. ThinPrep was used 
for liquid-based cytology. The data has indicated 
that the protective value of single negative HPV 
test is more than three rounds of cytology testing. 
It suggested that if HPV testing is incorporated as 
a primary screening modality in place of cytology 
for women over 30 years of age, the screening 
interval can be increased to 6 years [32].

In 2014, seeing the growing evidence in sup-
port of use of HPV testing as a primary screening 
tool, 13 experts including representatives from 
the Society for Colposcopy and Cervical 
Pathology, Society of Gynaecologic Oncology, 
American Society of Obstetricians and 
Gynaecologists, American Cancer Society, 
American Society of Cytopathology, College of 
American Pathologists and American Society for 
Clinical Pathology came together to discuss the 
role of HR-HPV testing as a primary screening 
approach. Data based on literature review and 
from the FDA registration study was discussed 
and guidelines formulated incorporating expert’s 
opinion. These guidelines stated that primary 
HR-HPV screening can be considered as an alter-
native to current US cytology-based cervical can-
cer screening approaches including cytology 
alone and co-testing [33].

Incorporating HPV as a primary screening test 
is a challenge due to technicality attached to the 
procedure, increasing the workload and the logis-
tics. In low-income countries, using HPV as a 
primary screening modality is impracticable con-
sidering the high cost of the kit. Care HPV test 
has shown some ray of hope in this respect. 
Further studies need to be done for evaluating its 
applicability [19].

Another area of debate and research is the 
management of women tested positive for HPV, 
if incorporated as a primary screening modality. 
Castle et al. carried out a study on a sub-cohort of 
women enrolled in population-based cohort in 
Guanacaste, Costa Rica. They found that testing 
for short-term persistence of HPV infection helps 
in assessing the risk of CIN 2+. Twenty percent 
of women with HPV persistence and 40% with 
HPV 16 persistence had a higher probability of 
high-grade CIN in the following 3–5 years. These 
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patients were advised repeat HPV testing after 1 
year [34]. Carozzi et al. showed p16 testing had 
higher sensitivity for detection of CIN 3+ than 
that of conventional cytology (77.8% at all ages) 
at a 3-year follow-up [35].

Primary HPV testing in women less than 30 
years of age has a limited clinical efficacy in view 
of high positive rates [35]. Thus, recommending 
primary HPV screening is a challenging issue. 
This problem is more cumbersome in countries 
who are organizing regular screening pro-
grammes such as the USA, where high coverage 
is achieved as compared to countries where 
women are less screened. Countries which start 
screening at 30 years of age are facing fewer 
challenges than countries where screening age is 
less than 30 years of age. It is also important to 
give clear and adequate information once there is 
a proposal for change of screening modality from 
present cytology screening to ‘HPV-first’ 
approach.

7.8  HPV as a Triage Test

Since many years, HPV testing has been used for 
triaging low-grade abnormalities in different 
countries. It has been found that the sensitivity of 
this approach in order to detect CIN 2+ is more 
than repeat cytology especially when using a test 
which has efficacy comparable to HC2. Marc 
Arbyn et  al. recently proved in a recent meta- 
analysis that HPV triage with HC2 assay test has 
higher sensitivity and similar specificity than 
repeat cytology and APTIMA test (mRNA test-
ing) being similarly sensitive but more specific as 
compared to HC2 [31].

In young women who have rampant transient 
HPV infection, the sensitivity of HPV test for tri-
age purpose for detection of low-grade abnormali-
ties (LSIL) or mild dyskaryosis is unquestionable, 
but as far as its specificity is concerned, its role is 
disputed. RNA-based tests have the potential to 
improve specificity as compared to DNA tests as 
found in APTIMA assay in a recent meta-analysis 
where the sensitivity was shown equivalent to 
HC2 test but with a higher specificity [36]. Women 
who have undergone treatment for CIN 2 or CIN 3 

positivity have a high risk of recurrence or even 
progression to invasive cancer following treatment 
[37]. If HPV testing is added in post-treatment 
follow-up protocol than due to its high sensitivity 
and negative predictive value, the number of fol-
low-ups can fall drastically. In a recent analysis by 
Rebolj et al. on Dutch women post-treatment for 
any preinvasive lesion, who had three subsequent 
normal smears as part of standard follow-up, 
approximately fourfold risk of cancer was identi-
fied [38]. This has often led to prolonged post- 
treatment follow-ups and inconvenience to women 
undergoing these follow-ups. So, incorporating 
HPV testing in these post-treatment follow- up 
protocols will be a good idea. In a Dutch study 
from Kocken et  al., one HPV-negative test at 6 
months post-treatment had a 10-year risk of CIN 
3+ of 2.1%. However, with negative co- testing, the 
risk reduced to 1.4%. Conversely, if a woman was 
found to be HPV positive at 6 months post-treat-
ment, the risk of CIN 3 over a 10-year period was 
9.2%. Hence, a test with higher sensitivity is 
required in post-treatment follow-ups [39].

Higher efficacy of HPV test in detecting resid-
ual and recurrent high-grade CIN than follow-up 
cytology has also been shown in a meta-analysis 
of Arbyn et al. [40] and in study by Chan et al. 
[41]. These analyses have drawn conclusions pre-
dominantly on the performance of HC2 assay. 
These studies are in fact one of the initial studies 
done comparing various HPV assays.

Despite the need for high sensitivity, attaining 
a perfect investigation is challenging. Real chal-
lenge is patient who are referred for colposcopy 
due to their HPV positive status, but clinically 
have a no evidence of disease. Hence, more stud-
ies are required for appropriate and safe direction 
for the treatment of such women.

7.9  Conclusion

Screening is essential to bring down the inci-
dence of cervical cancer and subsequently mor-
bidity and mortality associated with it. 
Cytology-based screening has traditionally been 
used for cervical cancer. Knowing the etiological 
relationship with the disease, HPV testing has 
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been suggested as an alternate test for screening. 
Although HPV test has low sensitivity in detect-
ing CIN 2+and CIN 3+ and leads to unrequired 
referrals, this test is more reassuring than a nega-
tive conventional cytology test. Cytological tests 
have greater probability of being falsely negative, 
which leads to the delay in receiving appropriate 
treatment. Further prospective longitudinal stud-
ies are required to establish the relative clinical 
implications.

Key Points
• Cytology and HPV testing are the main meth-

ods that are universally adopted for primary 
cervical cancer screening.

• Liquid-based cytology has been shown benefi-
cial over conventional cytology in improve-
ments in technology; however, advantage in 
clinical utility for detecting precancerous 
lesions or cervical cancer is still questionable.

• Human papillomavirus (HPV) has around 40 
genotypes which can affect the genital mucosa 
of which around 13 are high-risk type and are 
the precursors of cervical cancer development. 
Therefore, HPV molecular-based detection 
and genotyping technologies are beneficial 
clinically in screening for cervical cancer.

• HPV DNA testing has been FDA approved 
only in combination with cervical cytology as 
a primary screening test and that also in 
women 30 years and older.

• Many studies at present support efficacy of 
HPV testing as a primary screening modality 
alone in women above 30 years of age.

• HPV as primary test is a challenge due to tech-
nicality attached to the procedure, increasing 
the workload and the logistics.

• Appropriate information needs to be provided 
to women when moving on from cervical 
cytology screening to ‘HPV-first’ approach, as 
appropriate management of these patients is 
important.

• Incorporation of HPV testing in post- treatment 
follow-up provides high sensitivity and nega-
tive predictive value, decreasing follow-up 
significantly.
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Management of Abnormal 
Cytology

Fredric Willmott, Samuel George Oxley, 
and Tony Hollingworth

8.1  Introduction

Cervical cytology is a routine screening test for 
cervical preinvasive conditions. Other conditions 
might also be seen, i.e. infective or malignant dis-
eases. It is a technique that involves microscopic 
examination of individual cells or cell clusters. 
The collection of the cells (the test) is performed 
by fully visualising the patient’s cervix and then 
either scraping, brushing or washing the cells 
from the surface of the cervix. These cells are 
then stained with Papanicolaou stain to aid cyto-
logical examination [1]. The degrees of cervical 
abnormality are diagnosed by the nuclear charac-
teristics and nuclear-cytoplasmic ratio, shown in 
Fig. 8.1 [2].

Abnormal cervical cytology or a positive 
result for high-risk human papillomavirus (hr- 
HPV) indicates the presence of an abnormality 
within the cervix. Cytology reports provide clear 
and consistent communication to clinicians, to 

enable triage of high-risk patients to colposcopy 
and reassure the majority of low-risk patients 
who may continue with routine screening. This 
chapter will discuss the degrees of cytological 
abnormality and their initial management.

8.2  Main Article

Dyskaryosis or dysplasia seen on cervical cytol-
ogy refers to the disproportionate nuclear enlarge-
ment in relation to the surrounding cytoplasm. 
Dyskaryotic cells have abnormal chromatin and 
distribution leading to possible abnormal shapes 
of the nucleus [3]. Additional “reflex” testing of 
samples for hr-HPV enables further refinement in 
risk assessment, and this is mainly used as an 
adjunct to triage those with borderline and low- 
grade dyskaryosis, although primary HPV 
screening is becoming more popular, with cytol-
ogy as the adjunct. In some systems hr-HPV test-
ing is not yet routinely performed. Other 
programmes adjust hr-HPV testing with age. The 
Canadian system recommends women less than 
30 years old should not have hr-HPV testing done 
as a screen with cytology [4]. This is based on the 
relative high rate of women below the age of 
35 years who will test positive for hr-HPV. The 
information below relates primarily to cytology 
with reflex HPV testing, but management plans 
without a hr-HPV result are mentioned.
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There are harms and benefits with any screen-
ing programme and this is true with prevention of 
cervical cancer. Risk can never be reduced to 
zero as this would result in overtreatment and the 
problems that come with removing part of the 
cervix. It was noted in a consensus conference on 
cervical screening which took place in 2011 that 
optimal prevention strategies should identify 
those HPV-related abnormalities likely to prog-
ress to invasive cancers [5]. These strategies 
should also avoid non-excision treatment of 
abnormalities not destined to become cancerous.

Strategies should incorporate HPV testing and 
this recommendation is based on studies that 
have used validated HPV assays. Therefore man-
agement should completely avoid HPV tests that 
have not been validated as the outcomes may be 
unpredictable and run the risk of harm to the 
patient [5]. Testing should be restricted to high- 
risk (oncogenic) HPV types (mainly 16, 18, 31, 
33, 35, 39, 45, 51, 52, 56, 58 and 59). There is no 
role for testing of low-risk (non-oncogenic) HPV 
types in the evaluation of women with abnormal 
cervical cytology results [5].

In selecting appropriate patients for onward 
referral, a balance must be struck between sensi-
tivity in detection of preinvasive or invasive dis-
ease and the avoidance of unnecessary assessment 
which may provide a burden on patients in the 
form of anxiety, overtreatment and inconve-
nience, as well as on colposcopy services. The 

overall incidence of high-grade disease is low. As 
the natural course of the condition is known, 
there is a long time to cancer development. 
Therefore, repeated smears in routine or earlier 
screening intervals can be used rather than col-
poscopy in certain cases to monitor progression 
and HPV clearance. There is no international 
consensus, and some guidelines may adopt a 
more risk-averse strategy depending on local 
availability of robust screening programmes and 
colposcopists; however, the same principles of 
safe management apply.

Commonly infective organisms are seen in 
conjunction with cervical cytology. These include 
trichomonas vaginalis, fungal organisms mor-
phologically consistent with a Candida species, 
shifts in vaginal flora suggestive of bacterial vag-
inosis, actinomyces, cellular changes consistent 
with herpes simplex virus and reactive cellular 
changes consistent with inflammation [1]. If 
found, treatment and possible further sexual 
health screening should be discussed with the 
patient. In the UK, it is becoming routine to offer 
HIV testing to all women attending for their first 
colposcopy clinic visit. This is due to the fact that 
the immunocompromised state of untreated HIV 
patients can make managing cervical pathology 
very difficult. This improves with effective anti-
retroviral medication.

Cytology will be reported as inadequate, nega-
tive, borderline, low-grade or high-grade (moderate 
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or severe), and occasionally invasive squamous 
carcinoma, glandular neoplasia and benign endo-
metrial cells may be seen (Table 8.1). The signifi-
cance of these may vary depending on clinical 
circumstances.

Within the UK screening programme, there 
are target timelines for colposcopic assessment 
following detection of an abnormal smear. These 
standards are [6]:

 1. Three consecutive inadequate samples: 
appointment within 6 weeks

 2. Borderline change/hr-HPV positive: appoint-
ment within 6 weeks

 3. Low-grade/hr-HPV positive: appointment within 
6 weeks

 4. High-grade (moderate): appointment within 
2 weeks

 5. High-grade (severe): appointment within 
2 weeks

 6. Invasive squamous carcinoma/Invasive glandu-
lar neoplasia: appointment within 2 weeks

8.2.1  Inadequate Samples

If a liquid-based cytology (LBS) sample is 
reported as inadequate, the test should be 
repeated. This repeat should be deferred for 
2–4 months [5] to allow the surface layer of squa-
mous cells to regenerate, giving a representative 
sample. The time frame is 3 months within the 
NHS screening programme. A sample will also 
be classed as inadequate if the sample taker has 
not confirmed seeing the entire cervix, as this 
could lead to false-negative results. Despite this, 
if borderline or dyskaryotic cells are seen in a 
sample, the test cannot be called inadequate [6].

If there are repeated inadequate LBC samples, 
three in the NHS screening programme [6], then 
a referral should be made to colposcopy. 
Inadequate samples account for less than 1% of 
cytology results and are caused mainly by insuf-
ficient squamous cells [5]. Reflex HPV testing is 
not usually possible due to the concern that the 
cervix has not been adequately sampled.

In the postmenopausal population, the rate of 
inadequate samples can be greater due to atro-
phic changes and the transformation zone invert-
ing into the cervical canal. The inadequate 
cytology rate can be decreased by applying a 
vaginal oestrogen preparation for a time prior to 
screening. The use of an endocervical brush can 
also help obtain an adequate sample.

8.2.2  Negative Result

Negative cytology is highly reassuring, and 
patients can be returned to routine recall. 
Following a negative result, there is a 61–84% 
risk reduction in developing cervical cancer over 
the following 3–5  years [6]. In the UK, reflex 

Table 8.1 Terminological changes to cervical cytology 
reporting [1, 6]

Previous 
terminology 
(BSCC 1986)

2001 Bethesda 
System (Abridged)

New 
terminology 
(NHS England)

Borderline 
change

Atypical squamous 
cells (ASC)

Borderline 
changes in 
squamous cells
Borderline 
changes in 
endocervical 
cells

Mild 
dyskaryosis 
Borderline 
change with 
koilocytosis

Low-grade 
squamous 
intraepithelial 
lesion (LSIL)

Low-grade 
dyskaryosis

Moderate 
dyskaryosis

High-grade 
squamous 
intraepithelial 
lesion (HSIL)

High-grade 
dyskaryosis 
(moderate)

Severe 
dyskaryosis

High-grade 
dyskaryosis 
(severe)

Severe 
dyskaryosis? 
Invasive

Squamous cell 
carcinoma

High-grade 
dyskaryosis? 
Invasive 
squamous 
carcinoma

Glandular 
neoplasia

Atypical glandular 
cells (AGC)

Glandular 
neoplasia of 
endocervical 
type

Atypical glandular 
cells, favour 
neoplastic

Glandular 
neoplasia 
(non-cervical)

Endocervical 
adenocarcinoma in 
situ (AIS)
Adenocarcinoma
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HPV testing is not required for these patients. 
Where HPV testing is performed and found to be 
positive, repeat cytology should be performed 
within a year [6]. This is due to the known risk of 
developing high-grade lesions or malignancy in 
these patients. If HPV has been cleared, then 
these patients can safely be returned to the rou-
tine national screening recall system; however, if 
HPV persists, then a referral for colposcopy 
should be made. The presence of high-risk sub-
types 16 or 18 justifies referral for colposcopy, 
particularly as subtype 18 is associated with 
adenocarcinomas, the detection of which is 
problematic with cytological screening alone. In 
up to 10–20% of cytological samples, there will 
be scanty endocervical/transformation zone (EC/
TZ) sampling, suggesting insufficient cells from 
the squamocolumnar junction. This has previ-
ously raised concerns over the possibility of 
falsely negative results. However, it appears that 
such women, many of whom are older with 
lower baseline rates of CIN 3+, do not have 
increased risk of high-grade disease [7]. As such, 
negative cytology has good specificity despite 
insufficient EC/TZ sampling, and women can 
safely be returned to routine screening, although 
high-risk HPV testing can be considered for 
such women aged 30–64  years with manage-
ment as detailed above, which adds a further ele-
ment of safety.

8.2.3  Borderline Change 
in Squamous or Endocervical 
Cells (Atypical Squamous Cells 
of Undetermined Significance 
(ASCUS))

In the UK, the detection of borderline cells 
prompts reflex hr-HPV testing. If the hr-HPV test 
is positive, then it is recommended that women 
warrant referral to a colposcopy clinic. If nega-
tive the patient returns to routine recall, 3 or 
5 years depending on their age. This corresponds 
with 2011 screening guidelines from the USA 
recommending women “with HPV-negative 
ASC-US co-testing results be managed with rou-
tine follow-up” [5].

Where the HPV result is unreliable due to 
insufficient cellularity, then a repeat cytology 
sample should be taken between 6 months [6] and 
1 year [5]. A negative HPV result at this time is 
reassuring, and patients can be returned to routine 
recall. If the result is positive for hr-HPV, then 
that woman should be referred to colposcopy [6].

8.2.4  Low-Grade (LG) Dyskaryosis

The detection of LG dyskaryosis triggers reflex 
hr-HPV testing. If positive the patient is referred 
to colposcopy. A positive hr-HPV result is found 
in 77% of cases with LG dyskaryosis [5]. If hr- 
HPV negative, the woman can be returned to the 
national recall system for her next routine smear 
at the designated interval. If LG dyskaryosis is 
confirmed but the hr-HPV testing is inadequate 
or unreliable, a referral should be made to col-
poscopy [6].

Once at colposcopy the patient should be 
assessed. To prevent overtreatment, it is not rec-
ommended to manage women with LG dyskary-
osis with immediate treatment, i.e. “see and treat” 
[6]. Representative biopsies should be the first 
line of management.

8.2.5  High-Grade Dyskaryosis 
(Moderate or Severe)/High- 
Grade Squamous 
Intraepithelial Lesion (HSIL)

High-grade (HG) dyskaryosis or greater should 
prompt urgent referral to colposcopy, without the 
need for high-risk HPV testing. Moderate dys-
karyosis is associated with a 74% likelihood of 
CIN 2 or 3 and severe dyskaryosis with an 
80–90% risk [6]. This strong correlation helps 
justify a “see and treat” approach with immediate 
excision of the transformation zone for many 
women [5]. The decision for “see and treat” 
depends on the clinical suspicion, patient’s con-
sent, patient’s fertility wishes and the ability to 
follow patients up following diagnostic biopsies. 
Patients at risk from loss to follow-up, for exam-
ple, geographical proximity concerns, may be 
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more suited to immediate treatment and are more 
likely to benefit from immediate treatment.

Cervical cancer is diagnosed at colposcopy in 
approximately 2% of women with high-grade 
lesions [5]. However, risk also rises with age. 
With regard to hr-HPV status, HPV-negative HG 
cytology is rare. Some guidelines state it still car-
ries a 5-year risk for CIN 3+ of 29% and 7% will 
develop cancer. Therefore, it is not currently sug-
gested reflex hr-HPV is performed on HG cytol-
ogy. In HPV-positive HG dyskaryosis, the 5-year 
risk of CIN 3+ was 50%, whilst the 5-year cancer 
risk was 7% [5]. The current role for HPV testing 
in this group of women could be to guide the cli-
nician towards immediate treatment versus close 
monitoring.

8.2.6  Invasive Squamous Cell 
Carcinoma

These patients are referred urgently for colpos-
copy. The concern for a malignant process is very 
high as the correlation between this result and the 
histological diagnosis of invasive cancer is high. 
One case series suggested that invasive cytology 
has a 56% positive predictive value [8].

8.2.7  Glandular Neoplasia

Glandular neoplasia may be seen, and such cells 
may originate from the endocervix or another 
gynaecological site such as the endometrium. It 
can be associated with polyps and metaplasia but 
also with neoplasia, including adenocarcinomas 
of the endometrium, cervix, ovary, fallopian tube 
and other sites [5]. Urgent colposcopy is required 
for visualisation of the endocervix where the for-
mer is suspected, as glandular neoplasia is 
strongly associated with invasive (40–43%) as 
well as preinvasive disease (20–28%) [6]. Where 
cells from a non-cervical location are seen, an 
urgent referral to a gynaecology clinic is appro-
priate, alongside consideration of further investi-
gations such as transvaginal ultrasound and 
endometrial biopsy. It is important to ensure 
communication is appropriate, as such results 

will be outside routine screening programmes. 
The Canadian guidelines recommend all women 
with glandular cytology should have an endocer-
vical curettage [4].

In one cohort, CIN 3+ was found in 9% of 
patients 30 years and older with glandular cytol-
ogy, with cancer in 3% [5]. Although the cyto-
logical description of this group regards glandular 
abnormalities, the most common findings are 
squamous lesions. Nevertheless, squamous and 
glandular lesions often coexist, with CIN found 
in approximately half of women with glandular 
invasion cytology. Therefore, identification of 
CIN does not preclude the presence of pre- 
existing CGIN or adenocarcinoma [5].

Fortunately, cervical adenocarcinoma is HPV 
associated and therefore can be detected with 
HPV testing. However, endometrial cancer is not 
HPV related; consequently reflex HPV testing 
does not identify a subgroup of women who need 
less invasive assessment [5]. If cytology showed 
glandular cells and the sample was hr-HPV nega-
tive, then one would be concerned about exclud-
ing the possibility of an endometrial cancer.

8.2.8  Benign Endometrial Cells

Benign endometrial cells may be reported in up 
to 9.8% of cytology samples [5], and the interpre-
tation of this varies with the patient’s age and 
other clinical details, which is usually for the 
referring clinician to assess. Most endometrial 
pathology is symptomatic and occurs in post-
menopausal women. For patients under 40 years, 
benign endometrial cells are unlikely to reflect 
pathology, and this does not need to be reported. 
The presence of benign endometrial cells in the 
cytology of women over the age of 40  years 
should be reported as the likelihood of endome-
trial pathology increases, reaching a 20.7% inci-
dence of adenocarcinoma in those over 59 years 
in one study [5]. These cells are more likely to be 
present in the follicular phase of the menstrual 
cycle, but if present during the luteal phase are 
more concerning. However, patients on hormone 
replacement therapy, oral contraceptives, tamoxi-
fen, or with intrauterine contraceptive devices 
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can shed normal endometrial cells throughout the 
cycle, and this has not been shown to be  associated 
with any increase in the risk for malignancy if 
visualised on cytology [6].

Occasionally, cytologists may have difficulty 
interpreting cytological samples, and such 
women should be referred for colposcopy. If col-
poscopy is similarly non-specific, or there is sig-
nificant difference in colposcopic impression 
versus cytology, then cases should be discussed 
in the multidisciplinary meeting with a cytolo-
gist, colposcopist and histopathologist where 
appropriate [7].

8.2.9  Abnormal Cytology 
and Pregnancy

It is not uncommon that an abnormal cytological 
result is identified in conjunction with the patient 
detecting a pregnancy. Ideally, routine cervical 
screening should not be done in pregnancy and 
be deferred until the pregnancy is over. 
Nevertheless, if a patient has been previously 
poorly compliant in having routine cytology then 
one could make an argument for opportunistic 
screening for that particular woman [6]. 
Colposcopy is possible whilst pregnant, but 
becomes more difficult in late pregnancy. Also 
with the increased blood flow to the gravid uterus, 
caution must be taken when treatments are 
planned.

If a low-grade lesion (borderline or low-grade 
dyskaryosis) is found during pregnancy, even 
with hr-HPV, cytology should be repeated 
3 months postpartum [4, 6]. This practice is safe 
as the rate of cancer in this group of women is 
very low. If high-grade dyskaryosis is found, 
prompt evaluation with colposcopy is essential 
and the same timelines should be followed as the 
non-pregnant patient. If colposcopy is unsatisfac-
tory in the first trimester, it should be repeated 
after 20  weeks’ gestation when, because of the 
physiological changes, the cervix everts itself 
and the squamocolumnar junction may become 
easier to visualise [4]. Caution with biopsies 
should be taken due to the risk of excessive bleed-
ing in pregnancy. The gravid state is an exception 
for biopsying lesions not thought to be invasive 

[6], although close follow-up is required. If CIN 
3 or carcinoma is suspected, biopsy is recom-
mended. There is no evidence that taking a biopsy 
of the cervix during pregnancy will jeopardise it 
in any way [4]. There is a theoretical risk that 
abnormalities may worsen during pregnancy due 
to the woman’s altered immune status. This 
emphasises the need for close follow-up and 
senior input for pregnant patients. Women with 
high-grade dysplasia in pregnancy should be seen 
by an experienced colposcopist.

Follow-up appointments for low-grade lesions 
can be delayed until after pregnancy. However, it 
is advisable that assessment should not be 
delayed if the first appointment for follow-up 
cytology or colposcopy is following treatment for 
CGIN. The “test of cure” appointment should not 
be delayed after treatment for CIN 2 or CIN 3 
with involved or uncertain margin status [6]. On 
a practical note, colposcopy whilst a woman is 
breast-feeding can be unsatisfactory due to the 
relative hypo-oestrogenic state of the vaginal 
epithelium.

8.2.10  HPV Primary Screening

HPV testing as a primary method of screening is 
expected to be more sensitive than cytology, 
resulting in an increased detection of CIN 2+ 
lesions. It may also allow the screening interval 
to be extended for HPV-negative women [9]. 
Initial evidence led to a pilot of HPV testing as 
primary screening in six sites across England that 
previously acted as pilot and sentinel sites for 
HPV triage.

These studies found the total referral rates 
were significantly higher for HPV primary 
screening than for primary cytology for all ages 
combined. This was especially evident in the 
younger age group (25–49), but slightly lower in 
the age group 50–64 [9].

The planned triaging flow will depend on the 
hr-HPV result. If the result is negative, then the 
patient can be returned to routine screening. 
However, if the result proves positive, then a 
cytological examination will be performed. A 
referral to colposcopy will be arranged if there is 
any degree of cytological abnormality. If the 

F. Willmott et al.



99

cytology is negative, HPV testing will be repeated 
in 1  year. If again positive and the cytology is 
negative, the test will be repeated in 1  year. If 
after the third test the cytology is still negative 
despite a positive HPV result, a referral to col-
poscopy will be arranged [10]. Within the study 
8.6% of women tested were HPV positive/cytol-
ogy negative and scheduled for recall at 
12  months. After retesting, 40% had become 
HPV negative, 21% were referred (either due to 
abnormal cytology or persistent HPV 16 or 18) 
and 38% remain on nonroutine recall. The study 
suggested the detection rate of CIN 2+ for all 
ages is significantly higher with HPV primary 
screening (1.25 vs 1.09, p  <  0.001), as is the 
detection rate of CIN 3+ (0.82% vs 0.72%, 
p < 0.01) [9].

Therefore, the evidence for screening by HPV 
primary testing achieves a higher detection rate 
of CIN 2 or worse, with a small increase also in 
the number of referrals to colposcopy. The NHS 
screening programme is planning to convert to 
this protocol in 2019.

Primary HPV testing might also be beneficial 
outside of a screening programme in patients 
who fail to attend for their cervical cytology 
screening. One randomised trial investigated 
whether women who do not attend for cervical 
screening are more likely to respond to the oppor-
tunity to collect a self-sample for HPV.  Three 
thousand women from London were randomly 
selected if they had missed two or more invita-
tions for cervical screening. The women were 
randomised to either receive another invitation 
for cervical cytology or an HPV self-sampling 
kit. There was a 10.2% response rate in those 
offered self-sampling compared to 4.5% in the 
group invited for conventional cytology sam-
pling. This was shown to be statistically signifi-
cant (P  <  0.0001). In the self-sampling group, 
eight tested positive for HPV; seven attended for 
a cervical smear and at the same time had a col-
poscopic assessment. Three of these cases (43%) 
had CIN 2+, and one case was diagnosed with 
invasive cancer (stage 1b) and one CIN 3 [11]. 
This study suggested self-sampling could have a 
role in patients who are otherwise missing cyto-
logical screening.

8.2.11  Cytology in Adolescents 
and Young Women

As stated above, a balance must be struck between 
sensitivity in detection of preinvasive or invasive 
disease and the avoidance of unnecessary assess-
ment which may provide a burden on patients in 
the form of anxiety or overtreatment. Cytological 
examination is not a diagnostic test, and clinical 
concerns of cervical pathology should be referred 
to colposcopy for a diagnostic procedure. 
Therefore, cytology will be applied to an asymp-
tomatic population. There is a concern regarding 
the timing a screening programme should start, 
as the prevalence of HPV infection is high but the 
rate of high-grade preinvasive lesions is low. It is 
very rare for women under 25 years to develop 
cervical cancer. In 2007, 56 cases of cervical can-
cer were registered among women aged 15–24 in 
England and Wales [13]. There were three 
reported deaths in the same period.

The problem is that the prevalence of transient 
HPV infection after coitarche is high. Almost one 
in six cervical cytology samples obtained in this 
age group is abnormal. However, much of this dis-
ease is likely to be low grade and consequently 
will resolve spontaneously [13]. Screening this 
age group thus leads to unnecessary attendances at 
colposcopy. This is associated with increased anx-
iety, overtreatment and potentially negative conse-
quences for future pregnancies. Furthermore, 
screening has not been shown to be effective at 
reducing the incidence of invasive cancer in 
women under the age of 25 [6].

The association between surgical treatment of 
CIN and subsequent preterm birth has been a 
topic of great interest recently. Meta-analysis 
suggested that women post LLETZ (large loop 
excision of transformation zone) are at 
 approximately twice the risk of a preterm birth 
than pregnant women in general [12]. A study 
from England, and a recent meta-analysis, found 
a lower relative risk and no association after 
adjusting for confounding factors. Further recent 
research suggests that the increased risk of late 
miscarriage/premature labour might be associ-
ated with large loop excisions alone (10–14 mm 
and particularly >15 mm) and that the reason for 
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the lack of association in some studies was that 
the majority of women treated had small exci-
sions performed.

Therefore, data suggests that abnormal cytol-
ogy in the younger age group, i.e. <25 years old, 
does not correlate well with invasive disease. 
Also, the impact of treatment on subsequent 
pregnancies needs to be considered. For these 
reasons routine screening is not recommended, 
but if a clinical suspicion arises, a referral for 
diagnostic tests should be considered [6].

8.3  Summary

Cervical cytology has proved to be a very success-
ful method for screening for cervical abnormali-
ties. It not only alerts the clinician to the presence 
of premalignant conditions which are not routinely 
visible without colposcopy but also helps guide 
management. This is done by triaging how rapidly 
a patient should be seen and guiding whether 
aggressive treatment is indicated. Terminologies 
differ throughout the world, e.g. the UK vs the 
USA, but principles are very similar. The informa-
tion in this chapter is designed to be an overall 
review for management of abnormal cervical cytol-
ogy, but in practice local or national guidelines 
should be the reference guide for clinical practice.

Key Points
• Cervical cytology is a screening test for cervi-

cal preinvasive conditions.
• Colposcopy and histopathology are the diag-

nostic tests.
• hr-HPV-positive tests allow triaging of the 

higher-risk groups to colposcopy.
• hr-HPV-negative tests are reassuring in low- 

risk groups.
• During colposcopic examination, cytology 

can help in the detection of CIN2+ disease. 
This can target management towards diagnos-
tic biopsies or immediate treatment, i.e. “see 
and treat”.

• Screening programmes around the world differ 
in certain points, and local or national guide-
lines should be consulted for management.

• Other pathologies might be suggested on cer-
vical cytology which might need investigation 

or treatment, e.g. infections or non-cervical 
malignancies.

• Pregnancy can prove a challenge to managing 
abnormal cytology. If low risk of invasive dis-
ease, a conservative approach should be taken.

• Primary HPV screening detects more high- 
grade lesions than primary cytology screening 
with a slight increase in colposcopy referrals.
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HPV Infection: Pathogenesis 
and Detection

Pakhee Aggarwal

9.1  Introduction

Human papillomavirus (HPV) infections are one 
of the most common sexually transmitted infec-
tions (STIs) across the world. There are more 
than 150 types of HPV, of which about 40 are 
known to affect humans [1]. HPV can be sub-
grouped into cutaneous types and mucosal types 
based on the tissue tropism. Cutaneous types 
infect keratinizing epithelium, e.g., skin of hands/
feet, and are linked to warts (plantar warts, flat 
warts, common warts) on the hands, face, and 
feet. The mucosal types infect nonkeratinizing 
epithelium, e.g., mucosa of anogenital tract, oral 
mucosa, conjunctiva, and respiratory tract [2]. 
The mucosal HPV types are further classified 
into high-risk and low-risk types, based on 
whether they cause cancerous or benign changes 
in the tissues affected [3].

The high-risk oncogenic types are linked to 
cervical, vaginal, vulvar, and anal cancer in 
women and penile, anal, and oropharyngeal can-
cer in men [4]. The low-risk non-oncogenic types 
are responsible for warts and other benign pathol-
ogies in both sexes (Table 9.1).

Although HPV infection is easily acquired, 
most infections are subclinical and transient [5]. 
Detection of HPV infection in the asymptomatic 

population is by screening or when persistent HPV 
infection causes clinical manifestations like warts 
or cancer. Since HPV infection is not a notifiable 
infection (unlike HIV or certain other STDs), its 
true incidence is difficult to estimate, but the prev-
alence of asymptomatic infection varies from 2 to 
44%, depending on the population and region [6].

HPV infection is common in the general pop-
ulation and also found in immune-compromised 
people. The virus is transmitted by direct contact 
with an infected tissue or through fomites. In 
general, the infection resolves spontaneously 
within 1–5 years. This chapter is focused on the 
pathogenesis of HPV infection and how it can be 
detected in the asymptomatic population.

To better understand the pathogenesis of HPV 
infection, one needs to be familiar with the 
 structure and life cycle of the virus. This is also 
important so that we may know how and when to 
detect HPV.
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Table 9.1 Mucosal HPV types

Mucosal 
HPV

HPV 
types Associated diseases

Low-risk 6, 11 Low-grade cellular changes; genital 
warts (condylomata acuminata, 
smooth papules, flat papules, 
keratotic warts); lesions on oral, 
upper respiratory, upper 
gastrointestinal, and ocular sites; 
recurrent respiratory papillomatosis

High- 
risk

16, 18, 
31, 33, 
45, 52, 
58

High-grade cellular changes, 
anogenital (i.e., cervical, vulvar, 
vaginal, anal) and oropharyngeal 
cancer

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-13-3438-2_9&domain=pdf
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9.2  HPV: Structure and Life Cycle

9.2.1  Structure of Human 
Papillomavirus

It is a non-enveloped DNA virus, having an ico-
sahedral outer shell composed of L1 and L2 cap-
sid proteins and a single molecule of 
double-stranded, circular DNA as its genome. 
The HPV genome is functionally divided into 
three regions [7]:

 1. A noncoding upstream regulatory region 
(URR) or long control region (LCR). This 
regulates DNA replication by controlling the 
transcription of the “early” and “late” regions 
through enhancer and silencer sequences.

 2. An “early” region which includes the genes 
E1, E2, E3, E4, E5, E6, E7, and E8. The 
expression of these is important for determin-
ing whether an HPV infection would be active 
or latent or would undergo malignant transfor-
mation. The early region is involved in viral 
replication and oncogenesis.

 3. A “late” region, which encodes the L1 and L2 
structural proteins for the viral capsid.

The vital functions of these genes in the early 
and late regions in the HPV genome are outlined 
in Table 9.2.

9.2.2  Life Cycle of HPV

HPV infection in humans has a predilection for 
the mucosa, e.g., genital HPV has a predilection 
for the genital mucosa and skin, and its replication 
is closely linked to the replication and differentia-
tion process of the host cell. There is some evi-
dence to indicate that due to the anatomical, 
histological, physiological, and immunological 
features of the transformation zone, this is a vul-
nerable site of entry of the HPV infection [8].

The life cycle of HPV can be divided into two 
phases [9]:

 1. Maintenance phase: infection enters the body 
through sexual intercourse and begins as an 
infliction of the basal layer of the stratified 
squamous epithelium. It is presumed that the 
infection requires microtrauma or abrasion of 
the epithelium to enter. The basal layer of the 
stratified squamous epithelium contains stem 
cells, which divide periodically, with one 
daughter cell migrating upward to undergo 
terminal differentiation and the other remain-
ing in the basal layer as a slow-cycling, self- 
renewing population [10]. Once the infection 
gains access to the basal layer, a productive 
infection begins, wherein the viral genome is 
maintained in the basal cells at a stable level 
with a low copy number. This is also the reser-
voir to develop a viral wart [11]. Viral DNA 
replication is supported by early HPV genes, 
and the cells infected with HPV can be sus-
tained in the lesion for a long period. These 
infected daughter cells migrate upward to the 
surface, and viral late gene products (L1 and 
L2) are produced, which causes the viral DNA 
to be packaged into capsids, and progeny viri-
ons are released to reinitiate infection in sex-
ual contacts. In benign lesions caused by HPV, 
viral DNA is located extrachromosomally 
(episomal DNA) in the nucleus.

At this stage, though there is amplification 
of the viral genome, the viral DNA is yet to 
integrate in the host genome, and the infection 

Table 9.2 Functions of the HPV genome

Gene Function
E1 Viral DNA replication
E2 Modulation of viral transcription, DNA 

replication, and segregation of viral genomes
E3, 
E8

Unknown

E4 Controlling virus maturation and release of 
virions (productive viral infections)

E5 Enhances transforming activity of E6/E7
E6 Oncoprotein; interaction with p53 protein
E7 Oncoprotein; interaction with pRB protein
L1 Major capsid protein
L2 Minor capsid protein
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is a “productive infection,” which cytologi-
cally and histologically corresponds to LSIL 
and CIN1, respectively [12]. As there is no 
cellular transformation in this vegetative 
phase of the HPV life cycle, the body can still 
clear this infection. This is outlined in 
Table 9.3.

 2. Differentiation-dependent phase: in a small 
percentage of women with persistent HPV 
infection, the virus integrates with the host 
genome, leading to what is called a “trans-
forming infection.” Once the integration of 
HPV DNA is complete, it results in deletion 
and loss of expression of E2 region [13]. This 
interferes with the function of E2, which in 
the normal course of events is to downregulate 
the transcription of the E6 and E7 genes. This 
leads to an increased expression of E6 and E7 
genes. The overexpression of early genes 
results in increased production of the E6 and 
E7 proteins. This results in increased prolif-
eration of the squamous epithelium. This 
cytologically and histologically corresponds 
to HSIL and CIN2/3, respectively. This is 
depicted in Table 9.3. At a molecular level, the 
host cell machinery is used by the HPV to 
encode for viral proteins. Overexpression of 
viral early genes E6 and E7  in proliferating 
cells alters the viral life cycle [14]. The supra-
basal differentiated cells reenter into S-phase 
of the cell cycle caused by the early proteins 
E6 and E7. This activates the host replication 
machinery needed for amplification of viral 
genomes for virion synthesis. There is a con-
tinuous mode of DNA replication, DNA 

amplification to high copy number, capsid 
synthesis, and viral assembly. The virus copy 
number increases from 50 to 200 copies to 
several thousands of copies per cell [9].

9.3  Pathogenesis of HPV 
Infection

Most sexually active men and women will acquire 
the infection at some point in their lives, but 
majority of them will clear the infection without 
manifesting any symptoms. At 12 months, 66% 
of all infections and at 24  months 90% of all 
infections are cleared by immune-competent 
individuals [15, 16]. This also means that 10% of 
the women will have a persistent infection that 
can predispose to cancer.

The incubation period of the infection, i.e., time 
from acquiring the infection to the development of 
clinical manifestations, can be anywhere from 
weeks to months for genital warts, months to years 
for cervical abnormalities, and years to decades for 
cervical cancer. This is a variable process continu-
ing back and forth from clearance of HPV infec-
tion, persistence of HPV infection, progression to 
precancer, regression of precancer, and progression 
to invasive cancer based on the immune status and 
other risk factors of the patient (Fig. 9.1). Certain 
conditions like immunosuppression, older age, and 
multiple partners increase the risk of persistent 
infections. It is difficult to distinguish persistent 
HPV infection from clearance followed by reinfec-
tion, although reinfection with the same HPV type 
appears to be uncommon [9]. Also, when the levels 

Table 9.3 HPV infection and its clinical correlates

Variables hr HPV infection hr HPV persistence hr HPV persistence hr HPV persistence
Type of HPV 
infection

Transient/latent hr 
HPV infection

Productive hr HPV 
infection

Transforming hr HPV 
infection

Transforming hr HPV 
infection

CIN (Richart) Normal CIN1 CIN2/CIN3 Invasive carcinoma
Dysplasia 
(WHO)

Normal Mild-moderate 
dysplasia

Moderate-severe 
dysplasia, CIS

Invasive carcinoma

Cytology 
(Bethesda)

NILM ASCUS-LSIL HSIL Invasive carcinoma
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are below the threshold of detection of assays due 
to viral latency, the HPV infection may go unde-
tected [17].

In precancerous changes due to persistent 
HPV infection, CIN1 and some CIN2 lesions 
show relatively low levels of E6 and E7 expres-
sion (in which the viral genome replicates epi-
somally), whereas invasive cancer, CIN3, and 
some CIN2 lesions have high levels of E6 and E7 
expression (due to integration of viral DNA into 
the host cell genome) [18].

The frequency of integration varies between 
the high-risk HPV types. For example, HPV 16, 
18, and 45 are found more often in the integrated 
state compared to HPV 31 and 33. Because of 
this, precancers induced by the former HPV types 
progress to invasive cervical cancer much faster 
compared to the latter [19].

In addition, two features in the HPV life cycle 
indirectly contribute to carcinogenesis. First, rep-
licative phase of HPV occurs in differentiated epi-
thelial cells, which are not usually involved in 
DNA synthesis as they have exited the cell cycle 
[20]. This means that the viral DNA replication 
and assembly occur in a cell that will be termi-
nally differentiated and die by natural causes. As 
a result, the virus lies dormant for many months to 
years, during which time, host defense mecha-
nisms apparently remain unaware of the pathogen 
and the immune response generated is insufficient 

to eliminate the virus, thus developing persistent 
infection. As the terminal keratinocyte is already 
programmed to die, HPV replication and release 
do not cause cell death and inflammation and thus 
escape recognition. Also, due to the absence of 
viremia, cell lysis, necrosis, or any other inflam-
matory signals, there is an inadequate humoral 
immune response [21]. The viral infectious cycle 
is confined to the intraepithelial compartment, 
thus there is no viremia or spread through blood 
and lymphatics, and thus cellular immunity is not 
activated. But since they require the host machin-
ery and cellular enzymes to replicate while at the 
same time maintaining differentiation, they 
require the help of E6 and E7 proteins. However, 
any disruption in this process can lead to immor-
talization of cells. Even so, integration is not a 
normal part of the HPV life cycle. Integration of 
high-risk HPV genomes represents a noteworthy 
event associated with progression from preneo-
plastic lesions to invasive cancer [22].

Second, the site of DNA replication within the 
epithelium in high- and low-risk HPV types dif-
fers. In low-risk HPV, DNA replication is initi-
ated in the less differentiated cell population 
where elements of the cellular DNA replication 
machinery are still present. In high-risk HPV, this 
replication occurs in more differentiated cells and 
thus requires more forceful priming of the cell 
division machinery [20].

Normal

Invasive
cancer

Infection

Clearance

Progression

Regression

Invasion

HPV-
infected

Precancer

Fig. 9.1 HPV infection 
cycle
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Thus, in a transforming infection, protein 
products of viral genes result in altered expres-
sion of cell cycle and DNA repair regulators, 
enhancing the oncogenic potential of the infec-
tion by immortalization, genomic instability, and 
malignant transformation. Essential to the 
 pathogenesis of HPV is the role of oncoproteins 
E6 and E7 which are described below.

Role of E6 The E6 protein binds and degrades 
p53, which is a tumor-suppressor gene product, 
thus resulting in inhibition of apoptosis [23]. This 
anti-apoptotic activity of E6 is of critical signifi-
cance in the development of cervical cancer, as 
this compromise in the process cellular DNA 
damage repair allows the accumulation of sec-
ondary mutations to go unchecked and predis-
poses to cancer [24]. The degradation of p53 or 
blocking of its function by E6 consequently 
inhibits the apoptotic signaling that would 
destroy the HPV-infected cell in the usual course 
of events. The E6 protein is able to disrupt both 
extrinsic and intrinsic pathways to facilitate a 
protective environment and prevent cell death.

Low-risk HPV E6 proteins do not bind p53 at 
detectable levels and have no effect on p53 stabil-
ity in vitro. The high-risk HPV E6 in addition to 
binding p53 has another function that is impor-
tant for immortalization. This is the ability to 
activate the expression of the catalytic subunit of 
telomerase (hTERT). Thus, the E6 protein is able 
to promote the maintenance of the telomere, 
through the action of telomerase [25].

Role of E7 The E7 protein drives cells into S-phase 
as it binds and inactivates the retinoblastoma pro-
tein (pRB), which is a tumor-suppressor protein, 
thus resulting in progression of the cell cycle [26]. 
This results in increased cellular DNA synthesis 
and cell proliferation. The E7 protein from low-risk 
HPV types has lower affinity to pRB. It also results 
in upregulation of p16 expression. These lead to 
uncontrolled cellular proliferation which is no lon-
ger controlled at G1/S transition.

Malignant progression occurs when additional 
mutations are accumulated over time, e.g., ras or 

fos genes. This is also why cervical cancer occurs 
many years after the initial HPV infection, indi-
cating that although HPV infection is essential 
for initiation of the process, the culmination to 
cancer occurs only when host genome mutations 
accumulate over time [27].

Infection with HPV causes cellular growth, 
thereby increasing the demand for nutrients and 
oxygen. To overcome this, angiogenesis is 
induced by increased activity of hypoxia- 
inducible factor-1 (HIF-1) and its target genes. It 
is this activity which is responsible for persis-
tence of infection with HPV [28].

The increase in cellular proliferation and 
genomic instability leads to increased amount of 
damaged DNA which cannot be repaired, thus 
transforming cells into malignancy. Supplementary 
to this chromosome instability, other potential 
mechanisms for carcinogenesis are methylation of 
viral and cellular DNA, telomerase activation, and 
immunogenetic factors. Both humoral and cellular 
responses can be elicited by oncoproteins E6 and 
E7, and so they can play an important role in thera-
peutics [29].

Supplementary Role of E5 HPV infection also 
leads to formation of tetraploid cells by inducing 
cell fusion and failure of cytokinesis, thus caus-
ing aneuploidy [15]. Tetraploid cells formed by 
accident cannot undergo normal mitosis and thus 
are unresponsive to p53-induced apoptosis. This 
chromosomal instability favors integration of 
HPV genomes, further leading to generation of 
viral-cellular fusion transcripts and expression of 
the E6-E7 genes. Thus, the role of E5-induced 
cell fusion is in the early stage of development of 
HPV-associated cervical cancer, rather than 
tumor maintenance [30].

The endogenous interferon response, which is 
important in activating the innate immunity, is 
inhibited by infection with high-risk HPV. In the 
absence of this, the adaptive immunity is also not 
activated, effectively creating an HPV antigen- 
tolerant milieu. There is decreased expression of 
pro-inflammatory cytokines (IL-1, IL-6, TNF-α, 
and TGF-β) and increased expression of anti- 
inflammatory cytokine (IL-10) [31]. Development 

9 HPV Infection: Pathogenesis and Detection



106

of HPV-specific T-cell response is also sup-
pressed due to the downregulation of major histo-
compatibility complex (MHC) I expression [32].

9.4  Detection of HPV Infection

After acquiring the infection, it can be detected 
by the commercially available tests for a period 
of up to 1 year [33]. More than 90% of cervical 
and anal cancers are caused by 
HPV. Approximately 70% of vulvar, vaginal, and 
oropharyngeal cancers are also linked to infec-
tion with HPV [34].

HPV infection is diagnosed using clinical 
(warts) and molecular evidence of infection. 
Immunological evidence of HPV infection is dif-
ficult due to the innate life cycle of HPV wherein 
late (capsid) proteins are only expressed in pro-
ductive infections and early proteins are expressed 
in low amounts in infected tissues and lack of a 
robust antibody response to the viral infection.

Since the HPV cannot be grown in tissue cul-
ture, its detection is dependent on the detection of 
viral nucleic acids (DNA or RNA) using molecu-
lar techniques like nucleic acid probe technology 
and DNA sequencing. In addition to knowing 
whether high-risk HPV (hr HPV) infection is 
present, there is also an increasing need to know 
the type of hr HPV infection (genotyping). The 
potential advantages of genotyping are:

 1. Certain HPV types are more linked to certain 
cancers, e.g., HPV 18 to adenocarcinoma 
(AC) and adenocarcinoma in situ (AIS) and 
HPV 16 to both squamous cell carcinoma 
(SCC) and AC [35].

 2. Some infections have multiple HPV geno-
types, and knowing the proportion of each is 
sometimes relevant.

 3. Genotyping is crucial after rolling out a vac-
cination program to know the efficacy of pro-
phylactic vaccines in reducing the prevalence 
of infection types covered by the vaccine.

 4. In the clinical scenario, HPV genotyping may 
have prognostic significance in monitoring the 
response to treatment (LEEP/cryotherapy). The 
same strain of HPV in the posttreatment follow-

up smear as in the pretreatment sample may 
indicate inadequate removal or inability of the 
body to clear the infection (more severe conse-
quences), while a different strain may indicate 
reinfection (less severe consequences).

 5. Multiple HPV genotypes are found in about a 
third of the HPV-infected patients and in half 
of those with HIV positivity [36]. Multiple 
genotypes are less common in those with 
carcinoma.

There are three main types of detection meth-
ods currently in use—non-amplified hybridiza-
tion assays, signal-amplification techniques, and 
target amplification techniques [37]. These are 
discussed in detail below and outlined in 
Table 9.4.

I. Non-Amplified Hybridization Assays These 
include Southern blot for DNA, Northern blot for 
RNA, dot blot hybridization, and in situ hybridiza-
tion (ISH). There are some disadvantages with the 
first three of these methods that is why they are not 
commonly used. Mainly, it is the requirement of 
large amounts of purified DNA to perform analy-
sis, labor-intensive process, poorly reproducible 
and having only moderate sensitivity [38]. They 
cannot be run on fixed tissues where the DNA has 
degraded. ISH, on the other hand, can be run on 
processed and fixed tissues. It identifies specific 

Table 9.4 Types of HPV tests

Technique of 
HPV testing Commercially available tests
Non-amplified 
hybridization 
assay

Southern blot, Northern blot, Dot blot, 
In situ hybridization

Signal- 
amplification 
assay

HC2 (and care HPV), Cervista HPV

Nucleic acid 
amplification 
assay

Amplicor, PapilloCheck microarray, 
Clinical arrays HPV test, INNO-LiPA, 
Linear Array HPV genotyping, 
Luminex microarray (MCHA), 
real-time PCR (Abbott RT-PCR, 
Cobas 4800, GenoID), genome 
sequencing, CLART HPV 2, HPV E6/
E7 mRNA (PreTect Proofer, 
NucliSENS EasyQ HPV, APTIMA 
HPV)
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nucleotide sequences with conserved morphology 
in cell or tissue sections, thereby determining the 
spatial location of target genomes in the specimen 
[39]. The sensitivity of ISH can be improved by 
combining it with PCR (known as in situ PCR) 
[40]. ISH can be used to detect mRNA as a marker 
of gene expression [41].

II. Signal-Amplification Techniques These can 
be liquid phase or morphological techniques and 
are based on the technique of amplification of 
signals generated by DNA/RNA hybrids and 
DNA in situ hybridization, respectively. These 
are non- PCR- based tests. Two commonly used 
tests are HC2 and Cervista HPV.

 a. Hybrid Capture (HC2®) (Qiagen, USA, for-
merly Digene Co.): It is FDA approved and 
detects DNA from 13  hr HPV to 5 lr HPV 
types at sensitivity of 5000 copies of HPV 
genome per reaction well using the technique 
of chemiluminescence to detect RNA/DNA 
hybrids [42]. It uses RNA probes complimen-
tary to the genomic sequence of 13  hr HPV 
and 5 lr HPV types, which are used to prepare 
high- and low-probe cocktails. DNA present 
in the specimen is hybridized with each of the 
probe cocktails leading to the formation of 
RNA/DNA hybrids. These bind to the anti-
bodies in the reaction well that are pro-
grammed to bind the RNA/DNA hybrids. The 
final detection is using a luminometer to detect 
the intensity of emitted light by the hybrid 
product. The amount of light (in relative light 
units—RLU) gives an indirect/semiquantita-
tive measurement of the amount of hr HPV 
DNA present in the specimen. Usually only 
the high-probe mix is used (as it more clini-
cally relevant) which reduces the cost of the 
test. More than or equal to 1 RLU (which 
equals 1 pg of DNA per ml of buffer) is con-
sidered a positive test. It is performed in a 
96-well microtiter plate, which can run many 
automated samples in one go. Another advan-
tage is that it is not susceptible to cross- 
contamination, as it does not use PCR to 
amplify the DNA [43]. This assay distin-
guishes between hr HPV and lr HPV but is not 

able to tell the specific type of HPV (genotyp-
ing). Genotyping is important, as the risk of 
high-grade changes is 10–15% with HPV 
16/18 and less than 3% for all other hr HPV 
types combined [44].

A recently developed low-cost assay, for 
use in low-resource countries (careHPV®, 
Qiagen NV), uses RNA probes (like HC2) to 
detect 14 hr HPV types. It is a rapid point-of- 
care test that takes about 2.5 h to perform and 
does not require specialized laboratory or 
staff. It was clinically validated in a large 
study in rural China and found to have an 
accuracy of 90% in detecting premalignant 
lesions [45].

To reduce cross-reactivity, an automated 
third-generation Hybrid Capture assay has 
been introduced recently. It is based on biotin- 
labeled oligonucleotide sequences for capture 
of target regions [46].

 b. Cervista® HPV (Hologic Inc., Marlborough, 
USA) detects the presence of 14 hr HPV types 
(Cervista® HPV HR and Genfind® DNA 
Extraction) with or without individual genotyp-
ing for HPV 16/18 (Cervista® HPV 16/18). It is 
more sensitive than HC2 and has a lesser false-
positive rate [47]. It is also FDA approved.

III. Target Amplification Techniques These are 
PCR- based assays that amplify the target seg-
ments of HPV DNA and aid detection of hr HPV 
types and specific genotypes. This assay relies on 
a thermostable DNA polymerase, type-specific or 
general/consensus primers, which bind to and 
replicate the area of interest. After several cycles 
of replication, the viral DNA is amplified suffi-
ciently in vitro to allow it to be visualized. This 
amplification can be real time (which can help to 
quantify viral load) using reverse hybridization 
techniques. Theoretically, PCR can detect a sin-
gle copy of the target sequence in the reaction 
tube as it is highly sensitive and specific. In prac-
tice, the sensitivity is 100–1000 genome equiva-
lents per reaction tube (i.e., 10–100 HPV 
genomes in a background of 100 ng of cellular 
DNA). Due to this PCR can be performed even in 
specimens that have a low DNA content. PCR 
has the advantage of generating one billion  copies 
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after just 30 cycles of replication, from a single 
double-stranded DNA molecule [38]. Detection 
of HPV using PCR can be done using primers. 
Primers can be of three types:

 1. Type-specific primers (which will amplify 
specific HPV genotypes): they are more 
expensive and time-consuming than using 
consensus primers.

 2. General/consensus primers: these are based 
on the conserved regions common to all HPV 
genotypes, generally the long control region 
L1 or E6/E7 regions [48, 49]. Commonly used 
consensus primers are GP5/6 pair, and its 
extended set GP5+/6+ pair aimed at L1 region 
and MY09/11 degenerate primers and its 
modified version, PGMY09/11 [50]. The dis-
advantage of using degenerate primers like 
MY09/11 is a large batch-to-batch variation 
and poor reproducibility [51]. The modified 
primers, PGMY09/11, have more consistency 
and better sensitivity for a large number of 
HPV genotypes [46].

 3. Combined primers: contain inosine which 
matches with any nucleotide and can target 
the location of the viral genome with accuracy 
and reproducibility.

In any PCR reaction, the efficiency is inversely 
proportional to the size of the amplicon or PCR 
product. The smaller the size of amplicon, the 
more is the efficiency of the PCR, especially 
when the DNA sample is degraded or low in 
quantity [52]. In addition, the sensitivity and 
specificity of the individual PCR-based method 
depend on the primer set, reaction conditions, 
function of DNA polymerase, HPV types ampli-
fied, and the ability to detect multiple or specific 
types of HPV. To reduce the false-positive rates 
from DNA contamination, strict PCR protocols 
need to be followed. Once the PCR is run and the 
products are amplified, they can be analyzed by 
restriction fragment length polymorphism 
(RFLP) and plated on agarose gel [53]. Another 
way is to use type-specific probes using enzyme 
immune assay (EIA). The PCR product is hybrid-
ized onto the chip and read using a DNA chip 
scanner. This has a high sensitivity (more than 

90%) and can be used to identify the type of HPV 
as well as multiple infections [54]. However, the 
disadvantages are the false-negative results if 
multiple subtypes of HPV are present in the sam-
ple with low copy number. Because multiple 
infections are common, PCR may not detect all 
the HPV genotypes [55]. To overcome this prob-
lem, a simple technique of PCR-RFLP can allow 
the HPV to be genotyped, at a lower cost and 
effort [56]. It can also detect multiple HPV types 
in the same infection and differentiate them into 
lr HPV and hr HPV. Amplicor® HPV MWP assay 
(Roche Molecular Systems) was the first com-
mercially available PCR kit using nondegenerate 
primers, which detected 13 hr HPV without indi-
vidual genotyping by amplifying a short frag-
ment (170 bp) of the L1 gene using primers. It is 
more sensitive than HC2 and amenable to high- 
throughput testing [57].

In addition to DNA, viral mRNA can also be 
amplified using reverse transcriptase PCR or 
nucleic acid sequence-based amplification 
(NASBA). For example, detection of E6/E7 
mRNA from the hr HPV types can indicate high 
specificity for detection of high-grade lesion. 
One such commercially available assay is the 
APTIMA® HPV assay, which identifies mRNA 
from 14 hr HPV types [58]. The PreTect HPV- 
Proofer (NorChip AS, Norway) uses NASBA 
amplification of E6/E7 mRNA prior to type- 
specific detection of 5 hr HPV types.

Various target amplification techniques are:

 a. PapilloCheck® microarray analysis: It uses a 
DNA chip and allows for parallel analysis of 
multiple DNA samples. Currently, the main 
role of microarray analysis is in gene expres-
sion profiling and mutation analysis [59]. 
PapilloCheck® is a commercially available 
microarray chip which detects 24 genotypes 
of high- and low-risk HPV using a chip scan-
ner. Its advantage is identification of hr HPV 
and lr HPV for screening [60]. However, it 
cannot detect HPV types 35 and 53 and is 
expensive to run [61].

 b. Clinical Array Technology (CLART)® HPV 
kit (Genomica SAU, Spain): It is a commer-
cially available test kit, which uses the human 
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cystic fibrosis transmembrane conductance 
regulator (CFTR) gene plasmids to check the 
PCR method and DNA integrity, detecting 
35 hr HPV types [62].

Both these methods are based on a prior 
target sequence amplification by PCR fol-
lowed by hybridization using labeled type- 
specific oligonucleotide probes fixed on a 
chip/slide or solid support. After DNA hybrid-
ization, an automatic detection system can be 
used to determine the possible presence of up 
to 42 different HPV genotypes [46].

 c. INNO-LiPA® (LiPA HBV GT; Innogenetics 
NV, Ghent, Belgium): In this test part of the 
L1 region of the HPV genome is amplified 
using SPF10 primers. This short PCR frag-
ment (SPF-PCR) is designed to discriminate 
between a broad spectrum of HPVs in a 
reverse line blot hybridization (LiPA) which is 
interpreted visually. The position of the blot is 
related to the HPV genotype. The INNO-LiPA 
HPV Genotyping v2® test detects 11 hr HPV 
and 5 lr HPV, while Genotyping Extra® can 
detect 22 hr HPV and 6 lr HPV types [63]. It 
can be used on cervical swab specimens but is 
less efficacious than real-time PCR [64].

 d. Linear Array® HPV Genotyping (Roche 
Molecular Diagnostics, Pleasanton, USA): It 
is a PCR-based assay using PGMY09/11 
amplification system coupled with reverse 
line blot hybridization. It can detect 37 HPV 
types including the 15 most common hr HPV 
types. This is done using the Auto-LiPA 
instrument (Innogenetics, Ghent, Belgium), 
which uses colored signals on strips than can 
easily be interpreted as per the Linear Array® 
reference guide [65].

 e. Microplate colorimetric hybridization assay® 
(MCHA) (Boehringer Mannheim, Germany)/
Luminex microarray technology: It allows 
high-throughput, simultaneous identification 
and quantification of 6  hr HPV types using 
PCR-based technology and colorimetric 
hybridization with type-specific probes 
attached to dyed polystyrene beads. These are 
then passed through a Luminex analyzer in 
order to determine the spectral signatures 
indicative of specific HPV genotypes [66]. It 

has a high analytical sensitivity, specificity, 
and reproducibility for identifying HPV 16/18 
as well as 31/33/45 and somewhat less for 
HPV 39. Probes for other HPV types can be 
added [67].

 f. Real-time PCR: “In-house” real-time PCR 
can detect viral load as well as HPV geno-
types from a very small concentration of 
nucleic acids using fluorescence to detect 
the HPV. It can simultaneously amplify dif-
ferent nucleic acid targets. It can be run on 
both tissue samples and cellular slides. It is 
rapid, reliable, sensitive, specific, and vali-
dated for use for screening in high-through-
put testing [68]. Examples of real-time PCR 
tests are:
 – Abbott® RT-PCR, which detects HPV 

16/18 as well as other 12 high-risk geno-
types (pooled) [69]. It serves a dual diag-
nostic purpose of hr HPV screening and 
viral genotyping in the same test.

 – Cobas® 4800 (Roche Molecular Systems, 
Pleasanton, USA) HPV test also uses real- 
time PCR to detect 14 hr HPV types from a 
single sample. It detects HPV 16, HPV 18, 
and HPV 12 pooled hr HPV types [70]. It is 
easy to use and gives rapid results (within 
4 h), making it suitable for screening. It is 
reliable and clinically validated to detect hr 
HPV and for ASCUS triage [71]. It is FDA 
approved.

 – GenoID® real-time PCR assay, which 
amplifies the L1 region of HPV and detects 
non-integrated copies of HPV.  It detects 
15 hr HPV and 6 lr HPV with a sensitivity 
of 100 infected cells [72].

 g. HPV genome sequencing: There are two tech-
niques for this. The first is the traditional 
Sanger technique [73] and its subsequent mod-
ification using fluorescent dyes (both of which 
have not been clinically validated), and the 
second is using pyrosequencing. This tech-
nique can be applied to any source of DNA or 
RNA that can be amplified by PCR, be it fresh 
or formalin-fixed. This latter method has sev-
eral advantages over the  former. It is easy to 
decipher readout in real time, inexpensive, 
rapid, and quantitative [74].
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 h. CLART® Human Papillomavirus 2 
(Genomica, Madrid, Spain): It can detect 35 
HPV DNA types in a semiquantitative manner 
using PCR technology. It is a highly sensitive 
(98%) and specific test (nearly 100%) [75].

 i. HPV E6/E7 mRNA: Because of the role of 
E6/E7 mRNA in cervical carcinogenesis, their 
detection has a stronger correlation with cer-
vical disease than detection of HPV DNA 
alone [76]. There are three commercially 
available assays:
 – PreTect® HPV-Proofer assay (NorChip AS, 

Norway): It has high sensitivity and speci-
ficity and is based on real-time PCR (real- 
time nucleic acid sequence-based 
amplification assay (NASBA)) [77]. It 
detects E6/E7 mRNA from 5 hr HPV types 
(HPV 16/18/31/33/45).

 – NucliSENS® EasyQ HPV (bioMerieux): It 
also detects E6/E7 mRNA from 5 hr HPV 
types (HPV 16/18/31/33/45) [78].

 – APTIMA® HPV assay (Gen-Probe, San 
Diego, USA) which detects HPV E6/E7 
mRNA from 14 hr HPV types. Thus it is 
more sensitive than PreTect Proofer assay 
[79]. In addition, it is fully automated, does 
not cross react with lr HPV, has lower lim-
its of detection, and can predict advance-
ment of disease more accurately. It is FDA 
approved.

Detecting E6/E7 mRNA has been found to be 
more specific in detecting individuals that 
develop high-grade disease rather than HPV 
DNA detection by PCR with GP5+/6+ consensus 
primers [80]. There is a significant association 
between E6/E7 oncogene transcripts and severity 
of disease on cytology and histology, for both 
HPV 16 and 18. Also, this identifies persistent hr 
HPV infections without having to perform 
repeated testing [81].

In addition, one can determine the HPV DNA 
viral load and markers for HPV DNA integration 
as markers for HPV infection.

 1. HPV DNA Viral Load: It can be determined 
using quantitative real-time PCR and semi-
quantitatively using HC2. It rises as the sever-

ity of disease on cytology and histology 
worsens [82]. The best correlation is seen with 
HPV 16 infection [83]. There is a positive cor-
relation of HPV 16 and 31 DNA load with 
severity of disease and a fair to poor correla-
tion of HPV 18 and 33 DNA with severity of 
disease [84]. Viral load declines with therapy 
and can guide further management. High viral 
load production occurs in severe disease but is 
the effect rather than the cause [85].

 2. HPV DNA Integration: In the initial phase of 
infection, HPV DNA lies extrachromosomally 
in the cell. However, during the process of inte-
gration, it becomes intrachromosomal. This 
causes changes in the expression of several 
viral genes, all toward one aim of persistence 
and dissemination of infection [86]. Viral inte-
gration occurs earlier than even morphological 
changes, such that viral integration may not 
always correspond to high-grade lesion as the 
molecular events predate clinical events [87]. 
HPV integration is detected using real-time 
PCR, which can calculate the ratio of E2 and 
E6/E7 genes. A 1:1 ratio indicates integration 
[88]. Other methods are FISH and PCR. In the 
former fluorescent probes are used for TERC 
gene and MYC gene loci [89]. One of the key 
functions of E6 is activating telomerase reverse 
transcriptase (TERT) gene expression on chro-
mosome 5p. Telomerase is located at the ends 
of chromosomes. It has a structural RNA com-
ponent (TERC) that serves as a template during 
telomere elongation and a catalytic subunit 
(hTERT) that has reverse transcriptase activity. 
Its purpose is stabilizing and repairing repeated 
DNA sequences at telomere end of chromo-
somes [90]. Telomerase can be detected using 
quantitative RT-PCR. Increase in the catalytic 
subunit activity is seen in cervical carcinogen-
esis [91]. PCR can also be used to detect pure 
integrated DNA, using type-specific E1 and E2 
primers but without the site of integration [92].

A protocol for the amplification of papilloma-
virus oncogene transcripts (APOT) from cervical 
specimens can allow differentiation of episomal 
DNA from integrated DNA. In normal cells and 
early dysplasia, the HPV genomes are episomal, 
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while in advanced dysplasia and invasive cancer, 
they are integrated into the host cells. Using 
APOT, a strong correlation between detection of 
integrated high-risk HPV transcripts and pres-
ence of high-grade disease was seen [93]. 
However, because this technique tests for RNA, 
and RNA is more labile than DNA, the time and 
type of specimen storage also influence the 
results and amount of RNA available for analy-
sis. Collection media that can preserve both RNA 
and DNA integrities, such as methanol-based liq-
uid media, are preferred [94].

9.5  Which Test to Choose?

The ideal test should have high sensitivity to detect 
all infections as well as good specificity to avoid 
unnecessary anxiety to all women who have 
screened positive. The first is achieved by having a 
PCR-based test, which has a high sensitivity, and 
using amplification primers which can detect all 
variations and integrations in the hr HPV genome 
and specifically the E6/E7 region which is the 
most preserved [95]. Low specificity of such test-
ing is then overcome by using secondary triage 
with E6/E7 mRNA analysis or HPV viral load 
quantification. In an epidemiological study to 
know prevalence of HPV or efficacy of vaccina-
tion, tests with high sensitivity are used, as the off-
set in specificity is not important in these settings.

In general, there is good correlation between 
HC2 and PCR using consensus primers. While 
testing for more than one HPV type in the biologic 
specimen is preferentially done by PCR- based 
method, HC2 is more accurate in HPV detection as 
low- or high-risk groups and does not distinguish 
between individual HPV types. Both are suitable to 
high-throughput testing and automation.

9.6  Samples for HPV Detection

For target amplification methods, which are PCR 
based, the specimen needs to be such where the 
nucleic acids are not degraded or exposed to PCR-
inhibiting organic solvents. In the LBC media, pres-
ervation of nucleic acids occurs, and media like the 

Universal Collection Medium (UCM) by Qiagen 
(Digene) do not contain large amounts of organic 
solvents. Formalin-fixed and paraffin-embedded 
specimens may have nuclear degradation but no 
exposure to PCR-inhibiting substances.

For detecting mRNA, special media that pre-
serve the integrity of mRNA as well as DNA 
(PreservCyt LBC) are needed so that mRNA can 
be analyzed through RT-PCR and NASBA. Also, 
mRNA can be detected on biopsy specimens and 
extracted through special techniques.

For signal-amplification methods, e.g., HC2, 
the specimen can be both cervical smears and 
biopsy specimens transported in Specimen 
Transport Medium (STM) by Qiagen (Digene). 
This medium destroys cell morphology and 
causes release of nucleic acids without the use of 
additional solvents [96]. Cervical smears can also 
be collected in ThinPrep Medium by Cytyc. This 
medium preserves cell integrity and requires 
additional solvents to cause cell lysis and release 
of DNA.  A middle ground between the two is 
UCM that has the advantages of both. Leftover 
fluid after preparing an LBC slide can also be 
used to detect HPV DNA using HC2.

Although the analytic sensitivity of some 
HPV detection tests is very high (thus useful to 
know prevalence of HPV infection), its corre-
sponding clinical significance is not. This is 
because all HPV infections may not persist or 
lead to clinically relevant disease [97].

Detection of HPV has certain advantages as 
compared to other methods of screening. First, its 
high sensitivity and negative predictive value 
means that very frequent screening can be 
avoided. Second, detection of HPV DNA in a 
woman over the age of 30 years puts her at higher 
risk of developing CIN, and thus appropriate 
management can be instituted early. Third, the 
testing itself is objective and automated [98].

9.7  Conclusion

Thus, a deep understanding of the life cycle of 
HPV and its role in cervical carcinogenesis is 
important to understand the advantages and 
 limitations of detection methods for HPV. Despite 
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several tests being available, there is no gold 
standard molecular test. There is a need for test-
ing to become more rapid, automated, low-cost, 
and easily accessible in all resource situations.

Key Points
• Human papillomavirus (HPV) is one of the 

most common sexually transmitted infections 
with more than 150 subtypes, subdivided into 
low-risk (non-oncogenic) and high-risk (onco-
genic) types.

• Low-risk HPV 6/11 cause majority of genital 
warts; high-risk HPV 16/18 cause 70% of all 
HPV-associated cervical cancers, with 
31/33/45/52/58 accounting for another 10%.

• Most HPV infections, whether low-risk or high-
risk, are asymptomatic and transient and resolve 
spontaneously without any clinical sequelae.

• In persistent infection, unique characteristics 
of the HPV genome make it a suitable patho-
gen to infect and transmit disease.

• E6 and E7 protein expression plays a major 
role in carcinogenesis induced by persistent 
HPV infection.

• In early precancer (CIN1), the viral genome is 
episomal (extrachromosomal), while in late 
precancer (CIN2/3) and invasive cancer, the 
viral DNA integrates into the host cell genome.

• HPV cannot be grown in culture; hence detec-
tion relies on molecular methods.

• Two basic techniques in use are signal ampli-
fication (HC2) and target amplification (PCR 
based).

• Several tests are available but only five are US 
FDA approved. These are Digene Hybrid 
Capture® 2, QIAGEN (hr HPV and lr HPV); 
Cervista® HPV HR and Genfind® DNA 
Extraction Hologic (14 hr HPV types); 
Cervista® HPV 16/18 Hologic (HPV 16/18); 
Cobas® 4800, Roche (14 hr HPV, specifically 
HPV 16/18); and APTIMA®, Gen-Probe, 
Hologic (E6/E7 mRNA of 14 hr. HPV types).

• In a clinical setting, tests with high sensitivity 
and good specificity are preferred, with sec-
ondary triage by a test which has high speci-
ficity. In a population-based/epidemiological 
setting, tests with high sensitivity are 
adequate.
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10.1  Introduction

Cancer is a genetic disease caused by a multistep 
process involving activation of oncogenes, loss 
of function of tumor suppressor genes, and alter-
ation of modifier genes, for instance, genes 
involved in DNA repair and genomic stability. 
Cervical cancer is the fourth most common can-
cer affecting women worldwide [1]. India alone 
accounts for one-quarter of the worldwide cervi-
cal cancer burden [2]. In last decade, significant 
advancement in understanding the causes of cer-
vical cancer and identification of biomarkers 
have been achieved for its early diagnosis, pre-
vention, and treatment. The human papillomavi-
rus (HPV) is considered as one of the major 
etiological factors for cervical cancer along with 
other factors [3]. HPVs are epitheliotropic viruses 
and possess a small, circular double-stranded 
DNA.  These viruses cause a variety of benign 
epithelial lesions such as warts or condylomata 
acuminata and neoplasia of the lower genital tract 
in humans [4, 5]. Presently, more than 120 HPV 
types have been described, of which at least 40 
are associated with anogenital lesions, 15 of 
these have been classified as high risk (HR-HPV) 

(HPV 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 
59, 68, 73, and 82) and 12 as low risk (LR-HPV) 
(HPV 6, 11, 40, 42, 43, 44, 54, 61, 70, 72, 81, and 
89) [6, 7]. Among these, infection of HPV types 
16 and 18 [8, 9] is found to be the most oncogenic 
type that leads to the development of cervical 
cancer, while the infection of low-risk HPV types 
6 and 11 is mainly associated with the develop-
ment of benign lesions and genital warts. This 
causal relationship between HR-HPV infection 
and cervical cancer has been proved from various 
epidemiological and experimental studies [10, 
11]. These HR-HPVs have been detected in 
almost 100% of cervical squamous cell carcino-
mas (SCCs) [7, 12] and 94–100% of cervical 
adenocarcinoma and adeno-squamous carcinoma 
[13, 14]. In India, cancer of the uterine cervix is 
the major cancer harboring HPV in almost 98%, 
and more than 90% of them are infected with 
specifically HPV type 16 [15].

PCR detection of HPV DNA by L1 consensus 
primers and typing by HPV type-specific primers 
should be performed to detect the presence of 
high-risk HPVs. Most widely used MY9 and 
MY11 consensus primers are capable of detect-
ing about 27 HPV types which include all 15 
high-risk HPVs (HPV 16, 18, 31, 35, 39, 45, etc.) 
and 6 low-risk HPVs [16].

Cytology-based screening for cervical cancer 
has shown to reduce the incidence and mortality 
rate since the last few decades. Addition of 
HR-HPV DNA screening in cervical cancer 
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screening has improved the sensitivity, but it is 
also associated with low specificity. Thus, other 
markers are needed to triage test for maintaining 
acceptable sensitivity and specificity. Various 
protein biomarkers for the detection of cervical 
cancer have been identified. Most of them are 
involved in cell cycle regulation, signal transduc-
tion, DNA replication, and cellular proliferation 
[17–19]. The altered expression of these proteins 
is a consequence of the binding of the high-risk 
HPV E6 and E7 oncogenes to host regulatory 
proteins, resulting in the degradation of the p53 
tumor suppressor gene product, ultimately lead-
ing to dysregulation of the cell cycle. The evi-
dence regarding the use of these biomarkers have 
shown their ability to triage mildly abnormal and 
indeterminate cytology cases, with those found to 
have elevated levels of biomarkers staining more 
likely to represent cases with true high-grade cer-
vical cancer.

10.2  Biomarker Principles 
and Cervical Cancer

The biomarkers help in improving the manage-
ment of cervical cancer at every point from 
screening and prognosis to assessment of treat-
ment response. A significant advancement in 
understanding the causes of cervical cancer and 
identification of many different biomarkers have 
been achieved for its early diagnosis, prevention, 
and treatment.

Cytology still forms the mainstay of screening 
programs in most parts of the world, especially 
the USA. It is used either as a stand-alone test or 
as a co-test with HPV testing [20–23]. Presently 
with evidence building up, some European coun-
tries are using HPV as a primary screening 
modality and triaging positive results with 
 cytology [24].

New biomarkers would be potentially useful 
in triaging women with primary cytology or 
HPV testing positive. The hallmark of cervical 
screening is to identify lesions which are most 
likely to progress to cancer. The biomarkers have 
a crucial role to play as they can identify signifi-

cant changes that occur during any of the impor-
tant steps of the functional progression model. 
There are two main groups of markers, viral or 
cellular markers (Table  10.1). Table  10.2 lists 
the  commercially available viral and cellular 
biomarkers.

10.3  Viral Biomarkers

10.3.1  HPV DNA Detection 
and Genotyping

With time the importance of molecular basis of 
HPV infection and HPV genotyping has been rec-
ognized. Studies have shown that the sensitivity 
of high-risk HPV DNA testing is more sensitive 
than cytology [25, 26]. The National 
Comprehensive Cancer Network (NCCN) recom-
mends co-testing with Pap and HPV every 5 years 
in women between 30 and 65  years as the pre-
ferred option for cervical cancer screening [27].

The ASCUS-LSIL Triage Study (ALTS) trial 
which was conducted by the National Cancer 
Institute concluded that doing reflex HPV testing 
in cytology reports of ASCUS identified 96% of 
CIN3+ cases, and only 56% of cases were 
referred for colposcopy [28].

Follow-up is mandatory for women after treat-
ment for CIN, and HPV testing is a good option 
for doing so due to its high sensitivity in picking 
up recurrences [29, 30]. The prediction for recur-
rences can be further improved if genotyping for 
the type of HV infection is also done [31]. But 
the specificity for the test is low which can be 
improved by triaging positive results with cytol-
ogy or methylation markers [32].

Table 10.1 Markers for cervical cancer screening

Viral markers Cellular markers
HPV DNA detection p16ink4a

E6/E7 mRNA Proliferation—Ki67, MCM2, 
Top2a

Viral integration Chromosomal instability—3q, 
5p

Viral and host 
methylation
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Table 10.2 Commercially available assays targeting viral as well as cellular biomarkers

Available assays 
approved Manufacturer Target HPV genotypes Genotyping FDA
Viral assay HPV DNA
COBAS 4800 Roche L1 DNA 13 HR HPV and 

HPV66
16 and 18 Yes

Cervista Hologic L1 DNA 13 HR HPV and 
HPV66

16 and 18 Yes

Hybrid capture 2 QIAGEN Full genome 13 HR HPV and 
HPV66

No Yes

Amplicor Roche L1 DNA 13 HR HPV No No
careHPV QIAGEN L1 DNA 13 HR HPV and 

HPV66
No No

Digene HPV eHC QIAGEN Full genome 13 HR HPV, HPV66 
and 82

No No

EIA kit HPV GP HR Diassay L1 DNA 13 HR HPV and 
HPV66

No No

INFINITI HPV-HR 
QUAD

AutoGenomics E1 DNA 13 HR HPV and 
HPV66

No No

RT HPV Abbott L1 DNA 13 HR HPV and 
HPV66

16 and 18 No

Digene HPV eHC 16 
18/45

QIAGEN Full genome 13 HR HPV, HPV66 
and 82

16, 18, and 45 No

CLART Genomica L1 DNA 13 HR HPV and 22 no 
HR

Yes No

InfinitiTM Genomica L1 DNA 13 HR HPV and 12 no 
HR

Yes No

INNO-LiPA Innogenetics L1 DNA 13 HR HPV and 15 no 
HR

Yes No

Linear array Roche L1 DNA 13 HR HPV and 24 no 
HR

Yes No

Multiplex HPV 
genotyping

Multimetrix L1 DNA 13 HR HPV and 11 no 
HR

Yes No

PapilloCheck Greiner bio-one E1 DNA 13 HR HPV and 11 no 
HR

Yes No

HPV RNA
Aptima Gen-probe E6/E7 mRNA 13 HR HPV and 

HPV66
No Yes

NucliSens EasyQ Biomerieux E6/E7 mRNA 5 HR HPV 16, 18, 31, 33, and 
45

No

OncoTect IncellDx E6/E7 mRNA 13 HR HPV Yes No
PreTect proofer Norchip E6/E7 mRNA 5 HR HPV 16, 18, 31, 33, and 

45
No

HPV proteins
Cytoactiv Cytoimmun 

diagnostics
L1 All known HPVs No No

OncoE6 Arbor Vita E6 3 HR HPV 16, 18, and 45 No
Cellular assay
CINtec Mtm laboratories p16ink4a No
CINtec plus Mtm laboratories p16ink4a/

K1-67
No

Ki-67 (MIB1) DakoCytomation Ki-67 No
ProEx C Becton Dickinson TOP2A/

MCM2
No
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10.3.2  HPV E6/E7 mRNA

As established HPV DNA testing has an important 
role in cervical cancer prevention, other biomarkers 
with higher specificity and prognostic value need to 
be used to identify patients who are at higher risk of 
this disease. There are evidences which suggest that 
HPV messenger RNA transcripts’ detection proves 
to be a more specific method for diagnosing clini-
cally important infection than detection of viral 
DNA. It has been found that HPV E6/E7 mRNA 
testing for high- risk types correlates better with the 
severity of the lesions as compared to HPV DNA 
testing and is considered as a potential marker for 
the identification of women who are at high risk of 
contracting cervical cancer [33]. Various studies 
supported the above finding that the detection of E6/
E7 mRNA expression is much helpful in predicting 
the risk of cervical cancer than HPV DNA testing 
[34] as mRNA expression profile shows better cor-
relation with the severity of the lesions. The persis-
tent and regressive infections cannot be distinguished 
by HPV DNA detection methods. Hence, such 
methods are not specific enough to identify patients 
at risk of cervical cancer [35].

The oncogenic potential of the HPV early genes 
E6 and E7 is well known. It is widely accepted that 
HPV can cause cancer only if there is persistent 
infection and a cellular environment which allows 
high-level expression of viral E6 and E7 genes. The 
E6 and E7 proteins are essential for the replication 
of the virus and are expressed during the productive 
normal life cycle, where their regulation is under 
tight control. When this regulation is disrupted and 
E6 and E7 are overexpressed, they can evade nor-
mal tumor suppressive function and cell cycling 
[36]. This may lead to a disturbance in cell cycle 
control and a deficiency in DNA repair, causing 
genomic instability and an elevated risk of malig-
nant transformation [37]. Thus, targeting E6/E7 
mRNA may lead to more trusted outcomes than 
detecting the presence of viral DNA.

10.3.3  HPV Viral Load 
and Integration

Several studies suggest that there exists a close 
link between HPV viral copy number and inte-
gration of viral genome into the host cell which 

increases the risk for progression to invasive can-
cer [38]. The grade of the lesion is directly linked 
to the HPV viral, and a much higher number have 
been found in high-grade lesions. Integration of 
the viral DNA to host cell genome is yet another 
biomarker as persistent HPV infection leads to 
integration of viral DNA into the host cell 
genome, leading to tumorigenic transformation 
of cervical epithelium.

The tests for viral DNA detection, E6/E7 
mRNA, and viral integration have been discussed 
in detail in Chap. 9, and out of the viral markers, 
only DNA methylation will be discussed here.

10.3.4  DNA Methylation 
as Biomarkers

Tumorigenesis involves modifications in the epi-
genes within the promoter genes which is crucial 
for progression to cancer. There are reports show-
ing evidence of hypermethylation of DNA of 
tumor suppressor gene causing its activity to 
cease and thereby leading to progression of the 
lesion [39]. This methylation is nonrandom, with 
certain genes being methylated in some tumor 
types and others are not. Also, some reports show 
contradictory results with DNA hypomethylation 
of oncogenes in cancers [40–42].

Hypermethylated markers are DNA based as 
they are inherently more stable than RNA. As gene 
promoter hypermethylation is common to many 
cancers, so marker panels can be made which 
would pick up 70% of all major cancers [43].

Hypermethylated CpG islands are very sensi-
tive tumor markers which utilize methylation- 
specific polymerase-chain-reaction (MS-PCR) 
methods to detect methylated DNA sequences 
[44, 45]. By utilizing these approaches, abnor-
mally methylated gene sequences have been 
detected in DNA from serum [46, 47].

Host Methylation Methylation of many genes 
has been studied in cervical cancer, and these are 
listed in Table 10.3. As these genes are negative 
regulators of cell growth, they are most probably 
methylated and silenced in cervical cancer and its 
precursor lesions. Also, the frequency of DNA 
methylation increases with increasing severity of 
precursor lesions. These genes have been studied 
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Table 10.3 Methylation markers studied in cervical specimens

Gene

Number 
of 
studies

Methylation frequency (number 
positive)

Full name Biological functionNL HGCINa Ca
DAPK 22 0.068 (33) 0.296 (158) 0.582 (659) Death-associated 

protein kinase-1
Serine-threonine kinase; 
positive mediator of 
IFN-γ-induced apoptosis

RASSF1 17 0.031 (10) 0.102 (31) 0.141 (175) Ras association 
(RalGDS/AF-6) 
domain family 
member-1

Ras effector protein; 
microtubule regulation, cell 
migration, proliferation, and 
apoptosis

CDH1 15 0.159 (37) 0.129 (36) 0.521 (456) Cadherin 1, 
E-cadherin

Calcium-dependent cell 
adhesion glycoprotein

CDKN2A/
p16

15 0.049 (17) 0.131 (26) 0.220 (187) Cyclin-dependent 
kinase inhibitor 2A

Inhibits CDK4 kinase; 
regulation of cell cycle control 
in G1

MGMT 12 0.091 (33) 0.124 (37) 0.183 (124) 0-6-Methylguanine- 
DNA 
methyltransferase

DNA repair

RARB 12 0.045 (15) 0.130 (40) 0.343 (169) Retinoic acid 
receptor-β

Regulates gene expression in 
response to thyroid-steroid 
hormones

CADM1 10 0.256 (43) 0.385 (106) 0.657 (236) Cell adhesion 
molecule 1

Intracellular adhesion

FHIT 10 0.072 (21) 0.020 (2) 0.398 (268) Fragile histidine 
triad gene

Diadenosine 5′,5‴-P1,P3-
triphosphate hydrolase; purine 
metabolism

TIMP3 9 0 (0) 0.107 (6) 0.189 (82) TIMP 
metallopeptidase 
inhibitor 3

Matrix metalloproteinase; 
degradation of the 
extracellular matrix

TERT 7 0.156 (12) 0.388 (73) 0.628 (120) Telomerase reverse 
transcriptase

Enzymatic component of 
telomerase; responsible for 
the addition of short repeats to 
the ends of chromosomes or 
telomeres

CDH13 5 0.177 (25) 0.047 (7) 0.391 (79) Cadherin 13, 
H-cadherin

Calcium-dependent cell 
adhesion glycoprotein

PAX1 4 0 (0) 0.356 (36) 0.917 (33) Paired box 1 Pattern formation during 
embryogenesis

TFPI2 4 0.200 (20) 0.342 (13) 0.721 (88) Tissue factor 
pathway inhibitor 2

Regulation of plasmin-
mediated matrix remodeling

CCNA 3 0.108 (8) 0.387 (24) 0.696 (94) Cyclin A2 Activates CDK2 kinases; 
promotes G1/S and G2/M 
transitions

MAL 3 0.098 (4) 0.577 (71) 0.942 (227) T-lymphocyte 
maturation-
associated protein

Candidate linker protein in 
T-cell signaling; implicated in 
myelin biogenesis and 
function in the nervous 
system; formation, 
stabilization, and maintenance 
of glycosphingolipid- enriched 
membrane microdomains

TWIST 3 0.0928 (4) 0.403 (27) 0.362 (68) Twist homolog 1 Transcription factor; 
differentiation and cell lineage 
determination

Inclusion criteria: Genes that have been studied in normal, high-grade, and cancer samples; genes that showed a low 
level of methylation (<20%) in normal samples that increased in precancerous lesions and/or cancer samples; genes that 
have been reported in at least three studies; or genes that have been utilized in a marker panel.
Ca cervical cancer, HGCIN high-grade cervical intraepithelial neoplasia, NL no lesion
aIncludes CIN2, CIN3, and HSIL in calculations.
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as single markers as well as marker panels, but 
further studies are needed to confirm their role as 
markers in cervical cancer prevention.

Viral Methylation Detecting methylation of the 
HPV genome can add to the list of biomarkers for 
detection of CIN and its progression. E6 and E7 
promoter regions get methylated late in the tumor 
cycle. Also, methylation of CpGs within L1 has 
been shown to be increased in high-grade lesions. 
The clinical relevance of these findings is still 
under research [48, 49].

10.4  Cellular Biomarkers

10.4.1  p16

p16 (also known as p16INK4a), a cyclin-dependent 
kinase inhibitor, is a cell cycle regulatory protein. 
This tumor suppressor protein, p16INK4a, plays 
a critical role in regulation of the cell cycle. It is 
a cellular correlate of the increased expression of 
HPV E7 oncoprotein and causes disturbance in 
the cell cycle regulator pRb. This further leads to 
compensatory overexpression of p16INK4a through 
negative feedback. It is clearly identified from the 
result of several studies that p16INK4a is a useful 
diagnostic marker for squamous and glandular 
epithelial dysplasia in the uterine cervix [50, 51] 
(Fig. 10.1). A recent study showed that a p16INK4a 
immunocytochemical assay has much better 
specificity as compared to HPV DNA testing to 
predict underlying high-grade dysplastic lesions 
[52]. The sensitivity ranges between 59 and 96% 
and the specificity between 41 and 96% for the 
detection of CIN2+ lesions. It has been evaluated 
as a stand-alone and as an adjunct to cytology and 
HPV testing. p16 overexpression has been found 
in majority of the cases of cervical precancers 
and cancers, while it is rarely expressed in nor-
mal tissue [50]. It is commercially available as 
CINtec (mtm lab) and has been widely validated. 
It is also available as a dual immunostain with 
Ki67 as CINtecPlus.

10.4.2  Markers of Abnormal Cell 
Proliferation

10.4.2.1  Ki-67
Ki-67 is a nuclear protein which is expressed dur-
ing all active phases of the cell cycle, and its 
expression is directly linked with cellular prolif-
eration. Increased expression of Ki-67 can be 
found in superficial layers of the cervical epithe-
lium in CIN [53]. Several studies have concluded 
that Ki-67 can be used as an independent prognos-
tic marker to identify women who are at high risk 
for progression and/or recurrence of CIN [54].

10.4.2.2  TOP 2A and MCM2
A combination of antibodies against minichro-
mosome maintenance protein 2 (MCM2) and 
topoisomerase II alpha (TOP2A) has been stud-
ied as a biomarker for detection of CIN [55–58]. 
Both MCM2 and TOP2A regulate different steps 
of DNA replication, and their expression is 
increased in situations of aberrant cell cycle and 
cellular proliferation including cervical neoplasia 
related to high-risk HPV. Rather than testing for 
either one of them, which will leave out some 
dysplastic lesions, it is generally approved to 
apply the combination of MCM2 and TOP2A 
immunostaining (ProExC) for diagnosis of 
CIN. The sensitivity of the test ranges from 67 to 
99% and specificity between 61 and 85% accord-
ing to the few studies done which had a limited 
sample size [57, 58].

10.4.3  Chromosomal Aberrations

Cervical cancers and precancers are associated 
with a high degree of genomic instability in the 
form of recurrent chromosomal amplifications 
and deletions. The regions typically lost are 2q, 
3p, 4p, 5q, and 18q, while regions amplified are 
1q, 3q, 5p, and 8q [59–61].

Gain of 3q is the most consistent abnormality 
seen in cervical cancer; one gene TERC within 
this region is of particular importance. According 
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to a multicentric study in China, TERC amplifi-
cation was seen only in women who progressed 
to high-grade lesions. Another study showed that 
amplification of 3q had a high negative predictive 
value for progression of LSIL to CIN2+ [61]. So, 
TERC amplification could be used to triage HPV- 
positive women with ASCUS/LSIL cytology. 
Other chromosomal aberrations still require fur-
ther research.

10.4.4  Protein Biomarkers

Protein biomarkers help in improving the cervical 
screening results. Many different protein biomark-
ers have been identified that are involved in cell 
cycle regulation, signal transduction, DNA repli-
cation, and cellular proliferation. The clinically 
significant protein markers for the detection of cer-
vical cancer have been summarized in Table 10.4.

a b

c d

Fig. 10.1 p16 staining: (a) normal, (b) CIN 1, (c) CIN 2, 
and (d) CIN 3. Reprinted with permission from Kaur S. 
(2017) Pathology of Preinvasive Lesions of the Cervix. In: 

Mehta S., Sachdeva P. (eds) Colposcopy of Female 
Genital Tract. Springer, Singapore
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Few important biomarkers have been dis-
cussed in detail.

10.4.4.1  p53
p53 is a tumor suppressor protein which plays an 
important role in the cells’ response to genotoxic 
stresses like DNA damage, cellular senescence, 
and apoptosis and helps to maintain genomic sta-
bility of the cell. It has been found that disruption 
of p53 function by the viral E6 protein is one of 
the major events in cervical carcinogenesis [77]. 

The E6 protein of oncogenic HPV types makes 
complex with p53 and targets its rapid degrada-
tion [78]. As a consequence, growth-arresting 
and apoptosis-inducing activities of p53 are abro-
gated. This makes p53 as a robust prognostic bio-
marker in cervical cancer.

10.4.4.2  pRB
pRB is a negative regulator of the cell cycle that 
normally prevents S-phase entry by associating 
with the E2F family of transcription factors [70]. 

Table 10.4 Protein biomarkers

S. No. Biomarkers Significance
1. p53 It is a tumor suppressor protein that prevents the outgrowth of aberrant cells, by 

inducing cell cycle arrest, DNA repair, or programmed death. The E6 protein of 
oncogenic HPV types has been shown to complex with p53 and target it for rapid 
degradation [62]. As a consequence, p53’s growth-arrest and apoptosis-inducing 
activities are abrogated. This suggests the potential importance of E6-p53 interaction 
for therapeutic intervention

2. p16 It is considered as a surrogate marker for high-risk HPV infection according to several 
reports which have mainly examined HPV 16 and 18 subtypes. Its overexpression is 
well established in CIN and invasive cancer by many studies [50, 63–65]

3. c-fos It specifically shows exclusive high expression with the increasing severity of lesion. As 
a member of transcription factor AP-1, c-Fos has been implicated mainly in signal 
transduction, cell differentiation, and proliferation [66]. Many studies focused on its 
oncogenic functions and found that c-Fos-regulated genes are important for 
tumorigenesis, causing downregulation of tumor suppressor genes [67] and leading to 
invasive growth of cancer cells [68]

4. Fra-1 It is normally expressed in cervical tissue, but its expression gets diminished as the 
lesion progresses from precancer to cancer [69]. It has been found that there is a distinct 
pattern of gradual increase of c-fos and a concomitant decrease of fra-1 expression that 
perfectly match the progression of cervical lesions

5. NF-κB The NF-κB family consists of transcription factors that play a complex and essential 
role in innate immunity, inflammation, viral replication, and the initiation and 
progression of cancer. The classic form of NF-κB is a heterodimer between p65 (RelA) 
and p50 subunits. p50 subunit of NF-κB shows enhanced expression in high-grade 
cervical lesions and changes in relation to disease progression [69]

6. pRB It is a tumor suppressor protein which plays a pivotal role in the negative control of the 
cell cycle and in tumor progression. It has been found that pRB is responsible for a 
major G1 checkpoint, blocking S-phase entry and cell growth. The pRb protein 
represses gene transcription, required for transition from G1 to S phase, by associating 
with the E2F family of transcription factors. E7 binding to pRB releases E2F that leads 
to the expression of proteins necessary for DNA replication [70]

7. Ki67 It is a marker of cell proliferation. Various studies have shown that an increased 
expression of Ki67 is correlated with higher cervical CIN grade and is a highly sensitive 
biomarker for differentiating between CIN1 and CIN2/3 [71, 72]. It can be used as an 
independent prognostic marker to identify women with high risk for progression and/or 
recurrence of cervical squamous precancerous lesions

8. E-cadherin It is mainly involved in the cell adhesion and is considered as an important biomarker 
for tumor development [73, 74]. The decrease or loss of expression of these molecules 
can be correlated with aggressive behavior and progression of cervical cancer. Several 
recent studies have already focused on changes in intercellular adhesion in different 
tumors, revealing the pivotal role of E-cadherin during tumor progression and invasion 
[75, 76]
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In case of cervical cancer, HPV infection affects 
the complex of pRB with E2F and causes its dis-
ruption upon binding of oncoprotein E7 that 
leads to the expression of E2F-responsive genes 
and degradation of pRB [77, 79]. Various studies 
have shown the inverse relationship between 
pRB levels and grade of the lesion with decreas-
ing levels of pRB associated with higher grades 
of CIN [80, 81].

10.5  Newer Biomarkers

10.5.1  miRNAs

miRNAs are short noncoding RNAs and prevent 
translation of mRNA by negatively regulating the 
expression of genes. Abnormalities in their 
expression patterns are responsible for tumori-
genesis as well as prognosis in cervical and other 
cancers [82]. Expression of some miRNAs (miR- 
21, miR-127, and miR-199a) is increased in CIN, 
while miR143, miR214, miR-218, and miR-34a 
expressions are decreased in cervical cancer com-
pared with normal tissue [83–85]. The changes in 
miRNA expression is seen in the preinvasive stage 
of the disease, and so they can contribute as bio-
markers for cervical cancer screening [86, 87].

10.5.2  Proteomics

Proteomics is a new emerging field which includes 
identification of differentially expressed proteins 
in biospecimens. Studies have shown sensitivity 
of 87.5% and specificity of 90% for these mark-
ers. A serum-based study which included 165 
patients was able to mark out three peaks by 
MALDI-TOF that were different between cancer 
patients and healthy volunteers [88].

Alternative specimens have also been tried for 
the study of proteomics including cervicovaginal 
fluid or cervical mucus [89, 90]. However, the role 
of proteomics as marker in CIN or cervical cancer 
still needs to be validated in larger studies.

10.6  Conclusion

In cervical cancer which is associated high mor-
bidity and mortality rates, a better understanding 
of the molecular mechanisms underlying tumor 
progression in the disease could reveal the novel 
pathway of high clinical relevance. Since devel-
opment of cervical cancer progresses through 
various stages, it offers a unique opportunity to 
study the changes occurring at cellular and 
molecular levels that lead to the development of 
invasive cancer.

The main causative factor for cervical cancer 
is persistent HPV infection, but the incidence 
varies with the genotype of HPV. Tests for HPV 
genotyping thus help in the development of better 
screening protocols for prevention of cervical 
cancer. Currently, a number of molecular mark-
ers for cervical cancer screening are commer-
cially available.

The significantly higher HPV load is a possi-
ble prognostic marker of high-grade squamous 
intraepithelial lesions. Integration of the viral 
DNA to host cell genome is yet another bio-
marker as persistent HPV infection leads to inte-
gration of viral DNA into the host cell genome. It 
has been found that HPV E6/E7 mRNA testing 
for high-risk types correlates better with the 
severity of lesions as compared to HPV DNA 
testing and is considered as a potential marker for 
the identification of women who are at high risk 
of contracting cervical cancer.

Various studies suggest the importance of pro-
tein biomarkers like Ki-67, p16, p53, and pRB, 
for use in cervical cancer screening. They help as 
predictive markers to identify high-grade lesions 
which are most likely to progress to cervical 
cancer.

Cancer of the cervix is the most preventable 
major form of cancer. The novel biomarkers not 
only help in screening, detection, and diagnosis 
of cervical cancer at an appropriate time, but they 
also help in prognostic evaluation, monitor treat-
ment and predict recurrence, and also play major 
role in clinical decision-making.
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Key Points
• New biomarkers have a potential role to play 

in primary screening for cervical cancer as 
well as for triaging primary cytology or HPV 
screening.

• Viral and cellular biomarkers indicating key 
steps of the functional progression model 
(HPV infection, precancer and invasive can-
cer) are being studied. Of these two main 
types of biomarkers are viral and cellular.

• The viral biomarkers include HPV DNA testing, 
HPV E6/E7 mRNA, HPV integration, and meth-
ylation; the cellular markers include p16INK4a, 
chromosomal aberrations, and protein markers.

• Detection of HPV E6/E7 mRNA as well as 
cellular markers p16INK4a/Ki-67 immunostain-
ing is commercially available mainly as triage 
markers.

• Cervical cancers and precancers are associ-
ated with a high degree of genomic instability 
with numerous recurrent chromosomal ampli-
fications and deletions; gain of 3q is the most 
consistent abnormality seen in cervical 
cancer.

• Role of miRNAs and proteomics is still under 
research and needs validation.
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11.1  Introduction

Colposcope is an optical device used for system-
atic evaluation of the lower female genital tract 
under stereoscopic magnification (4- to 40-fold) 
with a powerful light source. During the proce-
dure special emphasis is given to the superficial 
epithelium and blood vessels of the underlying 
connective tissue. Colposcopy is based on the 
variable absorption and reflection of its white 
light off these tissue interfaces [1]. Colposcopy 
was introduced by Hinselmann in 1925, but ini-
tially it was considered as secondary verification 
technique with respect to cervical cytology. But 
in the 1960s, it started getting the recognition 
when the role of transformation zone was identi-
fied in the development of carcinoma cervix. 
Now colposcopy is known to be an important tool 
that compliments cytology in the early detection, 
correlation with histological finding, treatment 
and follow-up of various lesions of the lower 
female genital tract. The main aim of a colposco-
pist is to ensure that invasive disease should not 
be missed [2, 3].

Thus, knowledge of the principles underlying 
colposcopy and its tissue basis is most important. 
This chapter is going to deal with basic concepts 
of colposcopy.

11.2  Tissue Basis of Colposcopy

In colposcopy magnified view of cervix is evalu-
ated after application of saline, acetic acid 
(3–5%) and Lugol’s iodine. To correctly interpret 
the colposcopic findings, a thorough knowledge 
of the histopathologic changes that occur in the 
epithelium and stroma of cervical tissue is 
required. The surface epithelium of the lower 
genital tract functions as a filter through which 
both the reflected and the incident light must pass 
to produce the final colposcopic picture. The epi-
thelium does not have blood vessels which make 
it colourless, whereas the underlying stroma is 
red due to presence of blood vessels. It is the red-
ness of the sub-epithelial stroma which is trans-
mitted through the overlying epithelium surface 
and is visible through the colposcope [4].

The colposcopic image of the cervix is the 
result of various factors which include:

 1. The architecture of the epithelium including 
its thickness and formation: The epithelium is 
colourless, while the stroma gets its colour 
tone from the vessels it contains. The thick-
ness and density of the epithelium will affect 
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the amount of light absorbed and reflected 
during colposcopy. Normal ectocervical epi-
thelium is thick and multilayered and so acts 
as an effective filter, appearing red to pinkish 
on colposcopy. The columnar epithelium is 
thin and translucent as it contains mucus and 
appears red during colposcopy. The metaplas-
tic epithelium is thinner than the squamous 
epithelium and appears reddish, while rapidly 
regenerating epithelium may appear opaque. 
The squamous epithelium in postmenopausal 
and prepubertal girls is thinner than normal 
with reduced stromal blood supply and so 
appears pale red on colposcopy [5].

 2. The composition of underlying stroma: The 
colposcopic appearance of the cervix is altered 
during inflammation because of infiltration of 
the stroma which is seen as a greyish white 
colour tone on colposcopy. Also the changes 
in vascular network occurring in the stroma 
during CIN give the characteristic image on 
colposcopy.

 3. Surface configuration of the epithelium: This 
is determined by the thickness of the epithe-
lium and surface shape which can be either 
smooth or papillary (Fig. 11.1). Vascular pat-
terns of punctations and mosaic also become 
evident through the surface. Leukoplakia 
which is a white patch visible before applica-
tion of acetic acid is also a determinant of sur-
face configuration [5].

There are three different epithelia seen during 
colposcopy:

• Original squamous epithelium.
• Columnar epithelium.
• Metaplastic squamous epithelium seen in 

transformation zone (TZ).

11.2.1  Original Squamous 
Epithelium

Original squamous epithelium of the ectocervix 
is thick, multilayered and glycogenated. The 
thickness of the epithelium depends on the age of 
the woman and ratio of estrogen and progester-
one hormone. The blood vessels supplying the 
epithelium consist of small capillary arcade 
located deep within the stroma. They have 
branching feeder vessels which extend up to 
approximately one-third the thickness of epithe-
lium. The squamous epithelium acts as filter 
membrane through which both the reflected and 
incident light pass to produce final colposcopic 
image. The redness of the stroma is transmitted 
back with modifications depending upon charac-
teristics and thickness of epithelium.

11.2.2  Columnar Epithelium

Columnar epithelium lines the endocervix. It is 
thin, is single layered, contains mucus and is 
translucent (Fig. 11.2). The cells have moderate 
amount of cytoplasm and a small nucleus. The 
vessels supplying the columnar epithelium lie 
directly below the cells, and so it appears red 
when seen through the colposcope [6, 7].

11.2.3  Squamocolumnar Junction 
(SCJ)

It is important to recognize the old and new 
squamocolumnar junctions to delineate the 
transformation zone. The transformation zone is 
the area between the old and new squamocolum-
nar junctions. The columnar epithelium lines the 

Normal epithelium CIN

Fig. 11.1 Thickness of normal epithelium and CIN
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 endocervical canal, while squamous epithelium 
is found on the ectocervix. The squamocolumnar 
junction is better defined as a dynamic point 
rather than static as it changes according to 
physiology of female during puberty, pregnancy, 
childbirth, hormonal stimulation, birth trauma 
and after menopause. In the prepubertal girls, the 
SCJ is located at or very close to the external os. 
In women in reproductive age group, the endo-
cervical canal is everted due to the effect of 
endogenous estrogens. Owing to the vaginal 
acidity, metaplasia takes place converting the 
everted columnar epithelium to the squamous 
epithelium. The squamocolumnar junction in 
this age group is located away from the external 
os and can be recognized by the presence of 
crypt or gland openings [8, 9]. Thus, a new squa-
mocolumnar junction is formed between the 
newly formed metaplastic squamous epithelium 
and the columnar epithelium. In menopausal 

women, new squamocolumnar epithelium moves 
on the ectocervix towards the external os 
(Fig. 11.3a–d).

11.2.4  Squamous Metaplasia Seen 
in Transformation Zone

Transformation zone is the area between the orig-
inal and new physiological active SCJ. The outer 
boundary of TZ is the old SCJ which is identified 
by the presence of gland openings (Fig. 11.4).

The various stages of metaplasia can be seen 
colposcopically as (Fig. 11.5a–e):

• Stage 1: Initially the newly formed metaplas-
tic epithelium (derived from subcolumnar 
reserve cells) has no stratification and is called 
immature metaplasia. It is seen colposcopi-
cally as progressive fusion of adjacent villi 
and eventual disappearance of the villous 
structure completely. The openings of the sub-
epithelial glands can be seen as surface 
apertures.

• Stage 2: Smooth patches of immature meta-
plastic epithelium can be seen on colposcopy. 
Metaplastic epithelium can be found within 
the clefts of columnar epithelium.

• Stage 3: This is represented by mature squa-
mous epithelium. At times, immature meta-
plastic epithelium might occlude the crypt 
opening leading to the development of a nabo-
thian cyst full of mucous secretions [10].

During early stages of metaplasia, the epithe-
lium is more vulnerable to genetic changes, and 
the cells at this stage may acquire a neoplastic 
potential and form atypical TZ.  In children, the 
transformation zone is approximately 3  mm, 
whereas in adults it measures 6–8 mm.

Identifying the transformation zone is very 
important in colposcopy as almost all the mani-
festations of cervical precancer and cancer 
occur in this zone. The normal TZ contains 
mature stratified squamous epithelium, squa-
mous metaplasia, nabothian cysts, gland open-
ings and normal arborizing or fine reticular 
blood vessels.

Fig. 11.2 Columnar epithelium
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The colposcopist must assess and visualize 
the complete transformation zone for satisfactory 
interpretation of colposcopic examination. Thus, 
according to visualization at colposcopy, TZ is 
divided into three types.

• Type 1 TZ—It is completely ectocervical and 
can be seen completely; it may be small or large.

• Type 2 TZ—It has an endocervical component 
also but the inner limit of the zone is fully vis-
ible and may have an ectocervical component 
that may be small or large.

• Type 3 TZ—It has an endocervical component 
that is not fully visible and may also have an 
ectocervical component [11, 12].

11.3  Abnormal Transformation 
Zone

The abnormal changes found in TZ are divided 
into two categories:

• Cellular: These changes include the colour 
changes seen after application of acetic acid 
and Lugol’s iodine or the whiteness that is 
seen even without acetic acid application 
(Leukoplakia).

• Vascular: These include the changes seen 
with increased capillary growth in the form 
of punctations, mosaic and atypical 
vessels.

Neonatal cervix Nulliparous reproductive
age cervix

Postmenopausal cervix

Multiparous reproductive
age cervix

Fig. 11.3 Location of new SCJ in different age groups
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11.3.1  Basis of Cellular Changes

The key step in colposcopic examination is to 
observe the cervix after application of 3–5% acetic 
acid. Acetic acid is mucolytic, and so it helps in 
clearing the mucus as well as it coagulates the 
nuclear protein. This coagulation is reversible and 
is due to precipitation of the nuclear proteins and 
cytokeratins [1]. The degree of coagulation depends 
on the amount of proteins present in the nucleus.

The squamous cells in the superficial layer of 
the normal epithelium have small nuclei with 
less nuclear proteins, and so little coagulation 
occurs with acetic acid. This is not opaque 
enough to obliterate the vascular stroma present 
underneath.

Areas harbouring dysplasia have higher 
mitotic activity and so higher amount of nuclear 
proteins. When acetic acid is applied to areas 
having CIN, this thick coagulation prevents light 
from passing through, and most of it is reflected 
back. The vessel pattern in the stroma is not seen 
and the epithelium appears white. The aceto- 
white areas are thus clearly demarcated from the 
surrounding pale pink healthy epithelium. Higher 

degrees of CIN and invasive cancer turn densely 
white immediately after acetic acid owing to 
higher amounts of nuclear proteins [13]. Also, the 
border between a high-grade aceto-white lesion 
and normal mucosa is markedly distinct. This 
border is most distinct in areas where the lesion 
ends at the new SCJ. High-grade lesions can have 
rolled-out margins because of dense cellularity.

In low-grade CIN, the appearance of white-
ness is delayed and less in intensity due to pres-
ence of lesser amount of nuclear protein compared 
to areas with high-grade CIN or preclinical inva-
sive cancer.

Aceto-whitening is not only seen in CIN and 
early cancer but can also be seen in other condi-
tions associated with increased mitotic activity 
[14, 15]:

• Immature squamous metaplasia.
• Congenital transformation zone.
• Inflammation causing healing and regenerat-

ing changes in the epithelium.
• Leukoplakia which is associated with 

hyperkeratosis.
• Condylomas seen in HPV infections.

Columnar
epithelium

Active
squamocolumnar
junction

Orginal
squamocolumnar
junction

Active
transformation

zone

External Os

Cervical cleft
opening

Fig. 11.4  
Transformation Zone

11 Colposcopic Principles and Tissue Basis



136

The aceto-white areas seen with the above 
conditions are not very dense, do not have sharp 
borders and are patchily distributed on the ecto-
cervix. Also it tends to appear late and disappears 
quickly, usually within 30–60 s. Aceto-whitening 
should also be looked for in the vagina, external 
anogenital skin, and anal mucosa.

11.3.1.1  Leukoplakia
It is an area seen on the ectocervix which 
appears white on initial examination even 
before application of acetic acid (Fig. 11.6). It 
has been described on other sites such as the 
mouth or tongue also. The thickened surface is 
due to hyperkeratosis [16] (overproduction of 
keratin) and parakeratosis (retained nuclei in 
keratin which is usually acellular). This change 
in the epithelium is seen with HPV infection, 

CIN or in cases of reactive changes seen in 
women with prolapse. Keratin acts as a barrier 
for acetic acid, and it prevents from evaluation 
of cells underneath the leukoplakic patch. So a 
biopsy is advocated in such cases to document 
any abnormality [17].

11.3.1.2  Lugol’s Iodine Application
Principle: The mature squamous epithelium of 
the ectocervix contains glycogen. When Lugol’s 
iodine is applied to the ectocervix, it turns 
mahogany brown as iodine is taken up by glyco-
gen. However, endocervical canal is lined by 
columnar epithelium which lacks glycogen. 
When Lugol’s iodine is applied, the columnar 
cells do not take up iodine and remain unstained 
but may look slightly discoloured due to a thin 
film of iodine solution [18] (Fig. 11.7).

a b

c

e

d

Fig. 11.5 Various stages of metaplasia
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Immature squamous epithelium or inflamma-
tory conditions of the cervix, leukoplakia and 
condylomas are associated with lack of iodine in 
the epithelial cells and so do not stain with 
Lugol’s iodine or stain only patchily.

Area of dysplasias and invasive cancer also 
lack glycogen and do not take up iodine stain. 
They appear as thick mustard yellow or saffron- 
coloured areas on application of Lugol’s iodine 
(Fig. 11.8).

Lugol’s iodine is routinely used during the 
procedure of colposcopy. It helps in identifying 
lesions which might have been missed with ace-
tic acid and also better delineates the anatomical 
extent of abnormal areas.

11.3.2  Basis of Vascular Changes 
in Intraepithelial Lesions

11.3.2.1  Punctation
CIN in transformation zone is associated with 
high rates of cell replication which in turn 
leads to production of angiogenic factors that 
help ingrowth of new feeder vessels into the 
surface epithelium [19, 20]. These capillary 
loops are seen end on by the colposcopist as 
punctate dots (Fig. 11.9). In cases with dyspla-
sia, there is continued production of angio-
genic factors leading to greater vascular growth 
and larger vessel loops and increase in size of 
the dots.

The distance between the capillary loops also 
increases with the amount of cell proliferation. 

The cells not only increase from the basement 
membrane upwards but also grow laterally 
thereby pushing the capillary loops apart. The 
inter-capillary distance thereby increases with 
the grade of CIN; the higher the grade of CIN, the 
greater the inter-capillary distance [21].

The punctations are further subcategorized as:

• Fine punctations—Small uniformly sized dots 
with a decreased inter-capillary distance. 
These are mainly seen in reactive metaplasia 
or low-grade CIN.

• Coarse punctations—Large irregularly sized 
dots with an increased inter-capillary distance 
and the 0

11.3.2.2  Mosaicism
Punctations naturally progress to mosaicism. 
There is continuous production of angiogenic 

Fig. 11.6 Leukoplakia of cervix
Fig. 11.7 Squamous epithelium has taken up iodine, 
while columnar epithelium is unstained

Fig. 11.8 No uptake of iodine in CIN

11 Colposcopic Principles and Tissue Basis



138

Fig. 11.9 Tissue basis of punctation

factors leading to vascular growth in intraepithe-
lial lesions. The capillary loops arborize and 
coalesce, grow laterally and surround surface 
cells thus resembling tiles (Fig. 11.10). As atypi-
cal metaplasia proceeds further, there is compres-
sion of stromal papillae, and the network of 
vessels around it gives rise to a pavement-like 
appearance or mosaic pattern [22].

They are further categorized as:

• Fine mosaic—It consists of small tiles 
which are regularly shaped and have uni-
formly sized surrounding vessels. It is a 
characteristic of low-grade CIN or reactive 
metaplasia.

• Coarse mosaicism—It is formed by larger 
tiles of variable size and shape. The vessels 

around it are also of unequal size. It is associ-
ated with high-grade CIN [1].

11.3.2.3  Atypical Vessels (Fig. 11.11)
The cellular growth seen in invasive cancer is 
much more than that seen in intraepithelial 
lesions; the production of angiogenic factors is 
also abundant. Atypical vessels are abnormal with 
respect to:

• Haphazard arrangement—To keep up with the 
continued tumour expansion, the vessels lose 
their typical arborizing nature and arrange 
haphazardly.

• Atypical vessels are subcategorized on the basis 
of their general appearance as hairpin vessels, 
noodle like, glyphs or root like [23, 24].
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Fig. 11.10 Tissue basis of mosaic pattern

Mosaic vessels Hairpin type

Branching type Network type

Fig. 11.11 Atypical vessels in CIN
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• Abnormal branching pattern—The calibre of 
the vessels decreases as they branch out in 
normal epithelium, but in atypical vessels the 
size of the vessel paradoxically increases 
after division. The division occurs at right or 
obtuse angles. As they are close to surface, 
they bleed easily leading to postcoital bleed-
ing [7].

11.4  Indications for Colposcopy 
[18, 25]

The most common reason for referral of women 
for colposcopy is abnormal screening test which 
may be abnormal cytology or positive high-risk 
HPV test. Some of the other indications include:

• Suspicious looking cervix.
• Persistent (for more than 12–18 months) low 

grade (CIN 1).
• Evaluation of squamous or glandular cell 

abnormality on cytology.
• Persistently unsatisfactory quality on 

cytology.
• Screen positive (VIA or HPV positive).
• If inflammation persists in spite of adequate 

treatment.
• For evaluation of postcoital bleeding, metror-

rhagia and postmenopausal bleeding.
• Treatment of women with CIN.
• Follow-up of women previously treated for 

CIN.
• Evaluation of anogenital condylomas and sub-

clinical human papilloma virus infection.
• In women with history of in utero exposure to 

diethylstilbestrol (DES).
• Evaluation of women with intraepithelial neo-

plasia of vulva (VIN) or vagina (VaIN).
• Forensic examination.

11.5  Contraindications 
for Colposcopy

• Women who cannot lie in the lithotomy 
position.

• Acute genital infection: vulvitis, vaginitis, 
cervicitis or pelvic inflammatory disease.

• Extreme difficulty in visualization of cervix 
on speculum.

• Severe atrophic changes in the cervix.
• Menstruating or immediate premenstrual or 

within 4 weeks of delivery or abortion.

11.6  Steps of Colposcopy

Proper identification of new and old SCJ is essen-
tial as the cervical intraepithelial lesions origi-
nate at the TZ.  Failure to locate the 
squamocolumnar junction leads to unsatisfactory 
colposcopic examination.

• Relevant gynaecological as well as medical 
history should be taken. Any history of iodine 
reaction should be asked. A well-informed 
consent is mandatory. A written informed con-
sent is also taken for the subsequent procedure 
such as cryotherapy, biopsy or loop electrosur-
gical excision procedure (LEEP) if required.

• Patient is placed in dorsal lithotomy position 
(extended lithotomy where cervix is pulled 
superior or flushed with vault) after evacuat-
ing bladder [25]. Appropriate size bivalve 
self-retaining vaginal speculum is inserted 
after inspection of the vulva and perianal area. 
If the vaginal walls are lax and obliterate the 
view, lateral wall retractors or condom (with 
it’s tip cut off) can be used on the speculum.

• A good view of cervix and vaginal fornices 
should be obtained. Cervix must be adequately 
visualized, and cervical mucus should be 
removed with cotton swabs moistened with 
normal saline. Any gross lesions such as ectro-
pion, polyps, ulcer, leukoplakia or growth and 
vascular details are noted. It is better to use 
green filter to evaluate the vascular details. 
The blood vessels appear dark black against 
the background of translucent epithelium.

• Using a cotton swab, apply 3–5% of acetic 
acid to the cervix; 3% is preferred as the 5% 
might cause burning sensation in some women. 
It is advisable not to rub or pat the swab against 
the cervix or vagina as this can easily abrade 
the abnormal epithelium resulting in bleeding. 
The soaked swab should be compressed 
against the epithelial surface for 1 min.
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• The SCJ is visualized and identified, and TZ is 
examined till its distal end. The proximal end of 
TZ is identified by SCJ, whereas the distal end is 
identified by nabothian follicles or crypt open-
ings. The type of transformation zone should be 
noted as this gives a guide for selection of the 
diagnostic procedure. If the TZ can be seen com-
pletely, it is labelled as adequate colposcopy (as 
per IFCPC terminology) [26]. This translates 
into 360° of visualization of columnar epithe-
lium, squamous epithelium and newly formed 
SCJ and entire TZ. If the colposcopy is inade-
quate, an excisional procedure may be needed.

• If the inner margin of TZ has receded into the 
endocervical canal, it can be visualized within 
the cervical canal by:
 – Use of endocervical speculum of appropri-

ate size.
 – Using dry cotton swab to retract the lips of 

the cervix.
 – Use of long tissue dissecting forceps with 

fine smooth tips.
 – Use of iris hook to retract the cervical lips.

• Examination of vagina: Vaginal fornices are 
also examined while withdrawing the 
bivalve speculum, more so when no abnor-
mality is detected on the cervix and the 
woman is referred because of an abnormal 
Pap smear. Saline followed by 3% acetic 
acid is applied.

• Now cervix and vagina are swabbed with 
Lugol’s iodine and findings are noted.

• Documentation of the colposcopic findings is 
done by photo or video documentation and simple 
hand drawing or on a preprinted diagram. There 
are two formats to document the results on paper, 
i.e., Hammond graph and Odell diagram. Most 
colposcopes now use a computer software to store 
images and patient data.

• Another important part of documentation is 
scoring the lesion for high grade or low grade 
which eventually helps in deciding the man-
agement plan. The most commonly used 
scoring systems are Modified Reid’s 
Combined Colposcopic Index and Swede’s 
Score [27].

• Endocervical curettage (ECC) should be per-
formed in cases of inadequate colposcopy, 

abnormal cytology with normal ectocervix and 
referral cytology indicating glandular lesion.

• Colposcopy-directed biopsy can be performed 
if indicated. Biopsy is taken with punch biopsy 
forceps (Kevorkian, Tischler-Morgan) which 
have sharp jaws, and a sharp quick bite of the 
tissue should be taken including the stroma. It 
should be taken from the area with worst fea-
tures and those abutting the SCJ.  Bleeding 
after the procedure can be controlled with 
Monsel’s paste or packing.

The IFCPC terminology and scoring systems 
are discussed in Chap. 12.

11.7  Assessment of Lesion 
on Colposcopy

The lesion is assessed colposcopically with 
respect to:

• Colour tone
• Surface contour
• Margin of aceto-white areas
• Vasculature pattern
• Iodine staining.

11.7.1  Colour Tone

Normal squamous epithelium appears smooth 
and translucent with pinkish appearance after 
application of normal saline. This is darker in 
comparison to metaplastic epithelium. 
Columnar cells appear dark red with villous 
appearance. Acetic acid causes reversible 
coagulation of nuclear and cytoplasmic pro-
teins in the epithelium. The superficial layers 
of squamous epithelium are sparsely nucleated 
so do not undergo coagulation thereby appear-
ing pink on colposcopy. CIN or preclinical 
invasive cancer appear opaque/aceto-white 
due to coagulation of their high nuclear con-
tent; in cases of low-grade CIN, appearance of 
aceto-whitening is delayed and of less inten-
sity as compared to a high-grade lesion 
(Fig. 11.12).

11 Colposcopic Principles and Tissue Basis
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11.7.2  Surface Contour

It may be smooth, uneven, granular or nodular. 
Normal squamous epithelium is smooth, while 
columnar epithelium has grape-like, papilloma-
tous appearance (villi). Early invasive cancer has 
an uneven and elevated surface or may be nodular 
or polypoidal [28].

11.7.3  Margin of Aceto-White Area

The margins are sharp in high-grade lesions and 
normal tissue than in cases of inflammatory or 
mild dysplasia.

11.7.4  Iodine Staining

Normal glycogenated squamous epithelium 
strains mahogany brown or black on application 
of Lugol’s iodine, whereas CIN, invasive cancers 
and columnar epithelium do not stain with iodine 
and appear as thick mustard yellow or have varie-
gated uptake pattern.

11.7.5  Vascular Patterns

Normal vascular pattern on the ectocervix con-
sists of tree-like branching vessels or small end-
 on points of hairpin capillaries seen as dots. But 
in dysplastic epithelium, there can be mosaic or 
punctations. Atypical vessels in the form of hair-
pin, comma shaped or noodle shaped can be seen.

11.8  Conclusion

Cervical cancer develops as a result of a series of 
alterations in the cervical epithelium caused by 
persistent infection with high-risk human papil-
loma virus. It develops from well-defined pre-
cancerous lesions which if not treated timely can 
progress to invasive cancer over a varied period 
of time. Detected in preinvasive stage, cervical 
cancer is both preventable and curable. 
Colposcopy with directed biopsy forms an 
important tool in the evaluation and management 
of women with preinvasive intraepithelial 
lesions.

Key Points
• Colposcopy and guided biopsy are considered 

as a diagnostic (not screening) test for evalua-
tion of precancerous lesions of cervix.

• Identification of transformation zone (area 
between old and new squamocolumnar 
junction) is most important as maximum 
mitotic activity takes place in this zone, and 
it is the area where precancerous changes 
initiate.

• Systemic colposcopic examination consists of 
application of normal saline followed by green 
filter, acetic acid and Lugol’s iodine in a 
sequential manner.

• The scoring and documentation of lesions 
seen colposcopically form an important aspect 
of diagnosis and management.

• Grade of the lesion is assessed by evaluation of 
the TZ in terms of aceto-whiteness, margins, vas-
cular pattern and presence of atypical vessels.

a b

Fig. 11.12 Comparison of aceto-whitening in low- and high-grade lesion
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• Vascular features such as fine punctation and 
fine mosaic in aceto-white area indicate low- 
grade lesion, while coarse punctation and 
mosaic are found in high-grade lesions.
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Abbreviations

AIS Adenocarcinoma-in-situ
CIN Cervical intraepithelial neoplasia
HPV Human papillomavirus
IFCPC The International Federation of 

Cervical Pathology and Colposcopy
SCJ Squamocolumnar junction
TZ Transformation zone
VIA Visual inspection with acetic acid
WHO The World Health Organization

12.1  Introduction

The major steps in cervical carcinogenesis are 
persistent infection from the oncogenic types of 
human papillomavirus (HPV), development of 
cervical premalignant lesions and progression to 
invasion spanning over a period of 10–20 years 
[1]. The premalignant abnormalities of the cervi-

cal epithelium are known as cervical intraepithe-
lial neoplasia (CIN), which if left untreated may 
lead to invasive cancer [2]. The precursor lesions 
of squamous cell carcinoma are classified into 
CIN 1, CIN 2 or CIN 3 depending upon the thick-
ness of the epithelium involved with the dysplas-
tic cells. While in CIN 1 the abnormal cells 
occupy the lowest third of the cervical squamous 
epithelium, in CIN 2 and CIN 3, the abnormal 
cells occupy the lower two-thirds and nearly the 
full thickness or full thickness of the cervical 
squamous epithelium, respectively. As the sever-
ity of the intraepithelial neoplasia increases from 
CIN 1 to CIN 3, the risk of progression to inva-
sive cancer increases and the possibility of 
regression decreases. High-grade CIN usually 
develops from pre-existing low-grade CIN, 
though de novo development cannot be ruled out 
[3, 4]. The current accepted opinion is that CIN 3 
can develop either as the consequence of progres-
sion of CIN 1 and CIN 2 or directly from a high- 
risk HPV infection with no detectable 
intermediate stages [5–7]. The precursor lesions 
of cervical adenocarcinoma are known as 
adenocarcinoma- in-situ (AIS).

Colposcopy is visualization of the cervix 
under magnification with appropriate illumina-
tion after application of dilute acetic acid and 
Lugol’s iodine to observe the morphological 
changes of the epithelium. Almost all high-grade 
cervical neoplasias and cancers occur in the cer-
vical transformation zone (TZ). Persistent 
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 oncogenic HPV infection of the totipotent stem 
cells underlying the immature metaplastic epithe-
lium over the TZ may lead to neoplastic transfor-
mation in a small proportion of the HPV-infected 
women [8]. The objectives of colposcopy are to 
examine the TZ adequately, identify any abnor-
mal areas, rule out invasive cancer, obtain appro-
priate samples if required for histological 
assessment and guide the disease management.

12.2  Colposcopy Procedure

Colposcopy is an outpatient procedure carried 
out for the evaluation of women with a positive 
cervical cancer screening test. A colposcope is a 
stereoscopic, binocular telescope with variable 
magnification and powerful light source used 
for magnified visual examination of the uterine 
cervix. The sequencial steps of colposcopy 
involve cleaning of cervix and vagina with nor-
mal saline solution followed by examination 
with green or blue filters to look for any abnor-
mal vasculature, application of 3–5% freshly 
prepared acetic acid on the cervix for a minute 
and painting of the cervix with Lugol’s iodine. 
The final diagnosis is arrived at through the 
summation of all the findings followed by 
directed biopsies, if indicated. 

As per the IFCPC 2011 nomenclature, all col-
poscopic examinations should include assessing 
the adequacy of colposcopy, visualization of the 
squamocolumnar junction (SCJ) and document-
ing the type of transformation zone. Every col-
poscopy examination should document the 
following:

 1. Colposcopy adequate or inadequate: 
Colposcopic examination is inadequate when 
the colposcopic view is compromised by gross 
infection, bleeding, scarring, etc. The reason for 
inadequate colposcopy should be documented.

 2. Visibility of SCJ: SCJ is a thin margin between 
the reddish, grape-like columnar epithelium 
of the endocervix and the smooth pinkish 
squamous epithelium of the ectocervix. The 
SCJ is not static but changes its position with 

the changing hormonal milieu. Depending 
upon the age of the woman, hormonal status, 
parity, birth trauma, pregnancy, etc., the loca-
tion of the SCJ in relation to the external os 
varies. During the reproductive age, the SCJ is 
usually easily visible at the external os or on 
the ectocervix. The SCJ gets withdrawn in the 
endocervical canal in the post-menopausal 
women and may become invisible, fully or 
partially.

 3. Transformation zone type: The transformation 
zone is the area of the cervix between the orig-
inal SCJ and the new SCJ formed after the 
metaplastic process. Identifying the extent of 
the transformation zone is of great importance 
not only for a successful diagnostic evaluation 
of the cervix but also to make treatment deci-
sions. Treatment of cervical intraepithelial 
neoplasias involves treatment of the entire TZ 
rather than the visible lesion alone.

The TZ is labelled as type 1 when the SCJ is 
seen in its entirety and is on the ectocervix. If the 
SCJ is seen completely but is located within the 
endocervix fully or partially, the TZ is considered 
as type 2. In type 3 TZ, the SCJ is either partially 
visible or is not visible at all due to its extension 
within the endocervix.

12.3  Features of the Atypical TZ

The colposcopic appearance of the cervical 
intraepithelial neoplasia (CIN) or invasive cancer 
is dependent on a number of factors. These 
include degree of neoplastic changes, thickness 
of the epithelium involved, alterations in the stro-
mal blood vessels, changes in surface contour 
and any associated changes in the epithelium like 
erosion and keratinization. Such changes become 
more prominent after application of dilute acetic 
acid for 1 min.

Acetowhite Epithelium The dysplastic cervical 
epithelium usually appears grossly normal after 
cleaning with normal saline. Application of ace-
tic acid solution (3–5%) for 1 min transforms the 
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epithelium white in presence of a neoplastic 
lesion. This transient and reversible change is 
called acetowhitening. Abnormal epithelial cells 
contain an increased amount of protein due to the 
increased number of cells, increased size of the 
nuclei and their chromatic content and intact 
cytoplasm. Application of dilute acetic acid 
results in coagulation of the cellular protein and 
overlapping of the enlarged nuclei. As a result 
light is not able to pass through the epithelium 
and is reflected back to the colposcope, making 
the abnormal epithelium appearing as opaque 
white areas (Fig. 12.1). Since cervical neoplasia 
originates at the TZ close to the squamocolumnar 
junction (SCJ), the acetowhitening due to the 
neoplastic lesions is always on the TZ.  It is 
important to observe the real-time changes in the 
intensity of the whiteness. The speed of appear-
ance of the acetowhitening and the rapidity of its 
disappearance are related to the number of imma-
ture, abnormal or neoplastic cells and correlate 
well with the grade of neoplasia. The higher the 
grade of CIN, the greater will be the number of 
such cells. As a result, in high-grade CIN, the 
whiteness will be more intense and the change 
will develop faster and last longer. The acetow-
hite changes are the most important of all the col-

poscopic features and the acetowhite epithelium 
should be assessed for the density, borders with 
surrounding tissues, surface contour, presence of 
vascular patterns and iodine uptake.

Density of Acetowhitening The intensity of the 
acetowhiteness (also known as density) may be 
helpful in assessing the severity of the lesion. 
Acetowhitening may be seen in several non- 
neoplastic conditions, most common of which is 
immature squamous metaplasia. Immature meta-
plastic cells also have an increased nuclear/cyto-
plasmic ratio and appear faintly white after acetic 
acid application. However, the acetowhitening of 
CIN is usually more dense and distinct compared 
to that of squamous metaplasia. Higher is the 
grade of neoplasia, greater is the epithelial thick-
ness and degree of nuclear enlargement and den-
sity. The intensity of acetowhitening varies from 
a faint or a ‘milky’ white (seen in immature meta-
plasia and low-grade lesions) (Fig. 12.2a, b) to a 
dense grey white (high-grade lesions) (Fig. 12.3a, 
b). The faint acetowhite areas are often transpar-
ent, and the reddish colour of the cervical stroma 
is visible through them. Acetowhitening due to 
dysplastic cells appears more quickly, it is dense 
and appears oyster white or grey white and its 
border is distinct. Cervical warts are usually 
bright white in colour, often have multiple satel-
lite lesions and may be located outside the TZ.

Borders The neoplastic lesions always have 
sharp well-demarcated smooth margins and may 
even be raised from the surrounding tissue in the 
CIN 3 lesions or invasive cancers. Squamous 
metaplasia has indistinct and irregular margin. 
The borders are often jagged, feathery or angular 
in low-grade lesions or in flat condylomas 
(lesions caused by low-risk HPV) (Fig. 12.2a, b). 
On the contrary CIN 2/CIN 3 has smooth, well- 
delineated margins (Fig. 12.3a). The acetowhite 
epithelium may extend into the cervical canal, 
and an endocervical speculum may be necessary 
to visualize the SCJ and identify the extent of the 
lesion (Fig. 12.4). A dense acetowhite area with a 
raised border should be carefully evaluated for 
invasive changes.

Fig. 12.1 Thin aceto-whitening at the TZ.  Courtesy of 
Dr. Smita Joshi
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Surface Contour Normal epithelium and CIN 
lesions have smooth, regular surface contour. 
Cervical warts may have a papillary, finger-like 
or cauliflower-shaped surface. Uneven and raised 
nodular surface (mole-hill appearance) 
(Fig.  12.5a) that turns densely white should 
always raise the suspicion of invasive cancer. An 
exophytic growth (Fig.  12.5b) or an ulceration 
with everted margins is also suggestive of inva-
sive cancer.

Vascular Patterns High-grade CIN or invasive 
cancer results in the formation of abnormal blood 
vessels in the sub-epithelial stroma that may be vis-
ible through the transparent epithelium during col-
poscopy prior to application of acetic acid. The 
formation of abnormal vessels is due to the expres-
sion of the vascular endothelial growth factor 
(VEGF) and other angiogenic factors, and the pro-
cess is called neovascularization. The fine network 
of normal vessels may be visible in immature 

a b

Fig. 12.2 (a) Faint or a “milky” white immature meta-
plasia and (b) low-grade changes. (a) Courtesy of Dr. 
Usha Poli. (b) Reproduced with permission from Basu P, 
Sankaranarayanan R (2017). Atlas of Colposcopy  – 

Principles and Practice: IARC CancerBase No. 13 
[Internet]. Lyon, France: International Agency for 
Research on Cancer. Available from: http://screening.iarc.
fr/atlascolpo.php, accessed on 28/02/2018

a b

Fig. 12.3 High-grade lesion, dense aceto-whitening with 
sharp borders. (a) After application of acetic acid. (b) 
After application of Lugol’s iodine. Reproduced with per-
mission from Basu P, Sankaranarayanan R (2017). Atlas 

of Colposcopy  – Principles and Practice: IARC 
CancerBase No. 13 [Internet]. Lyon, France: International 
Agency for Research on Cancer. Available from: http://
screening.iarc.fr/atlascolpo.php, accessed on 28/02/2018
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metaplasia due to the lower thickness of the epithe-
lium. This regular network of normal vessels is 
called ‘fine mosaic’. The stromal vessels also form 
loops towards the epithelial surface, and they 
appear colposcopically as fine red dots. This pat-
tern is called punctation, which is fine and regular 
in the normal epithelium or in immature metapla-
sia. The abnormal blood vessels formed in the 
high-grade neoplastic tissues are usually prominent 
and irregularly spaced and may bulge out from the 

surface. The capillary loops are visible on colpos-
copy as irregularly placed red dots of various sizes 
and are known as coarse punctations (Fig. 12.6). As 
with punctation, mosaicism can be also be graded 
as coarse (Fig. 12.7) if the diameter of the vessels is 
uneven and they are irregularly distributed. Coarse 
punctation or mosaics are hallmarks of higher-
grade lesions or invasive cancers. Fine punctation 
and mosaic are more commonly seen in immature 
metaplasia or low-grade lesions. A normal stromal 

a b

Fig. 12.4 (a, b) Endocervical lesion, endocervical specu-
lum is being used to visualize the SCJ and to identify the 
extent of the lesion. Reproduced with permission from 
Basu P, Sankaranarayanan R (2017). Atlas of Colposcopy – 

Principles and Practice: IARC CancerBase No. 13 
[Internet]. Lyon, France: International Agency for 
Research on Cancer. Available from: http://screening.iarc.
fr/atlascolpo.php, accessed on 28/02/2018

a b

Fig. 12.5 (a) Invasive cancer, grossly uneven with raised 
nodular areas. Reproduced with permission from Basu P, 
Sankaranarayanan R (2017). Atlas of Colposcopy  – 
Principles and Practice: IARC CancerBase No. 13 
[Internet]. Lyon, France: International Agency for 
Research on Cancer. Available from: http://screening.iarc.

fr/atlascolpo.php, accessed on 28/02/2018. (b) Invasive 
cancer with ulceration. Reprinted with permission from 
Prendiville W, Sankaranarayanan R.  Colposcopy and 
treatment of cervical precancer. IARC technical publica-
tions, 45. Lyon: IARC, 2017
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blood vessel has a typical branching pattern with a 
central stem that branches off to thinner blood ves-
sels before finally disappearing. In presence of 
microinvasive or invasive cancer, the vascular pat-
tern is often ‘atypical’ (Fig. 12.8). The atypical ves-
sels do not follow the typical branching patterns of 
the normal vessels and often have bizarre shapes 
and uneven calibres. Atypical vessels are often fri-
able and bleed to touch.

Lugol’s Iodine Uptake Lugol’s iodine is a solu-
tion of 10 g potassium iodide dissolved in 100 mL 
distilled water with 5 g iodine crystals. The iodine 
stains the glycogen in normal squamous epithelium 
to make it appear dark brown. The poorly 
 differentiated epithelium of the CIN lesions is 

a b

Fig. 12.6 (a, b) High-grade lesion with coarse puncta-
tions. Reprinted with permission from Prendiville W, 
Sankaranarayanan R. Colposcopy and treatment of cervi-

cal precancer. IARC technical publications, 45. Lyon: 
IARC, 2017

a b

Fig. 12.7 (a) Coarse mosaic (under low power). (b) 
Coarse mosaic (under high power). Reprinted with per-
mission from Prendiville W, Sankaranarayanan 

R. Colposcopy and treatment of cervical precancer. IARC 
technical publications, 45. Lyon: IARC, 2017

Fig. 12.8 Invasive cancer with atypical vessels. Reprinted 
with permission from Prendiville W, Sankaranarayanan 
R. Colposcopy and treatment of cervical precancer. IARC 
technical publications, 45. Lyon: IARC, 2017
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devoid of glycogen, and hence they do not turn 
brown with Lugol’s solution. The Lugol’s negative 
areas appear yellow in colour (Fig. 12.3b). The cer-
vical epithelium may not be stained with Lugol’s 
iodine or may have patchy uptake of the stain in 
presence of inflammation, metaplasia or atrophy.

12.4  Colposcopic Features  
of Low- Grade Lesions  
(CIN 1 and Condylomas)

The low-grade lesions or the flat condylomas are 
usually due to transient HPV infections and may 
be seen adjacent to the squamocolumnar junction 
(SCJ) or even away from the transformation zone 
(TZ). The CIN 1 lesions are often confused with 
the flat condylomas or the immature metaplastic 
epithelium. The CIN 1 lesions usually appear 
thin but opaque acetowhite. They usually have 
irregular borders, which may be geographic, 
feathered, flocculated or indistinct (Fig.  12.9). 
The acetowhite changes on CIN1 lesions take 
longer time to appear and disappear early com-
pared to that seen in CIN 2 or CIN 3. Low-grade 
lesions may have fine punctations and mosaics. 
CIN lesions appear iodine negative and are light 
mustard yellow in colour (Fig. 12.3b).

Condylomas may present on the cervix as flat 
or slightly raised lesions that turn acetowhite or 

as exophytic condylomata acuminate (Fig. 12.10). 
These may be found inside or beyond the TZ.

12.5  Colposcopic Features 
of High-Grade Lesions (CIN 2 
and CIN 3)

High-grade lesions usually originate from the 
SCJ and, depending on the type of TZ, may or 
may not extend to the endocervical canal. 
Acetowhite areas are dense and dull white and 
may have raised margins. The abnormal epithe-
lium could be peeled away from the underlying 
stroma forming an area of erosion (Fig. 12.11). 
Such lesions may occupy three or four quadrants 
of the cervix. In type 2 or type 3 TZ, the lesion 
will extend to the endocervical canal, and the 
upper limit may not be visible on colposcopy. 
The margins of high-grade lesions are generally 
smooth with a distinct demarcation between the 
normal epithelium and neoplastic epithelium. 
The CIN 3 lesions are particularly opaque and 
have a ‘dull oyster-grey’ appearance. Moreover, 
the acetowhite effect persists longer in CIN 2/
CIN 3 lesions than in CIN 1 lesions. Extensive 
lesions with higher-grade lesion located centrally 
and lesser grade located peripherally (‘lesion 
within a lesion’) can be also seen. The sharp 
demarcation between the thin and dense acetowhite 

Fig. 12.9 CIN 1 lesion with thin, opaque aceto- 
whitening. Reprinted with permission from Prendiville W, 
Sankaranarayanan R. Colposcopy and treatment of cervi-
cal precancer. IARC technical publications, 45. Lyon: 
IARC, 2017

Fig. 12.10 Colposcopic view of cervical condyloma at 
low-power magnification. Reprinted with permission 
from Prendiville W, Sankaranarayanan R.  Colposcopy 
and treatment of cervical precancer. IARC technical pub-
lications, 45. Lyon: IARC, 2017
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areas that exists within the same lesion is known 
as the ‘inner border sign’.

CIN 3 may be characterized by a ‘ridge sign’, 
(Fig. 12.12) which is an opaque lesion, directly 
adjacent to the squamocolumnar junction, resem-
bling a ridge or a table top. CIN 3 lesions may 

also have peeling edges, also known as ‘rag sign’ 
(Fig. 12.11). The thickened epithelium of CIN 3 
can be peeled from the underlying stroma because 
of the poor cohesiveness among the dysplastic 
cells. The neoplastic epithelium may get abraded 
during the introduction of the speculum, collec-
tion of the smear for cytology or HPV testing or 
applying acetic acid or Lugol’s solution. The raw 
naked stroma without any epithelial covering and 
revealing the fine capillaries is known as 
‘erosion’.

A raised acetowhite band around crypt open-
ing is known as ‘cuffed’ crypt opening or ‘dough-
nut appearance’ and indicates extension of the 
high-grade lesion into the epithelial crypts 
(Fig. 12.13).

The coagulation caused by the acetic acid may 
mask the blood vessel pattern in a high-grade 
lesion, and they may not be apparent when 
observed immediately after application of acetic 
acid. The vessels will become apparent once the 
acetic acid effect begins to wear out after a few 
seconds.

There is little or no glycogen in the epithelium 
of high-grade lesions. Hence, a yellow iodine- 
negative area appears over the acetowhite lesion 
following the application of Lugol’s solution 
(Fig. 12.3b). The colour is uniformly bright yel-
low (‘canary yellow’) in a CIN 3 on an invasive 
cancer.

Fig. 12.11 High-grade lesion with peeling/Rag sign. 
Arrow indicates peeling of the epithelium. Courtesy of Dr. 
Usha Poli

Fig. 12.12 High-grade lesion with ridge sign (opaque 
protuberance within a white lesion within the TZ). 
Reproduced with permission from Basu P, 
Sankaranarayanan R (2017). Atlas of Colposcopy  – 
Principles and Practice: IARC CancerBase No. 13 
[Internet]. Lyon, France: International Agency for 
Research on Cancer. Available from: http://screening.iarc.
fr/atlascolpo.php, accessed on 28/02/2018

Fig. 12.13 High-grade lesion with cuffed crypt open-
ings. Courtesy of Dr. Usha Poli

P. Basu et al.
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12.6  Colposcopic Features 
of Preclinical Invasive Cancer

One of the major responsibilities of a colposco-
pist is to correctly identify the microinvasive and 
the early invasive cancers, though it may be 
 challenging at times. Quite often such lesions are 
hidden in large CIN 3 lesions. Large lesion, with 
dull dense acetowhitening, extending to the 
canal, with irregular surface, erosions, coarse 
mosaics and punctations and atypical blood ves-
sels, is always suspicious for microinvasive or 
early invasive cancer (Fig.  12.14). Diagnostic 
excision (cold knife conization) of the whole 
transformation zone is required, if colposcopy-
guided punch biopsies do not confirm cancer.

A nodular, papillary, papular, or exophytic 
contour with necrosis and other features of high- 
grade lesion suggest the presence of frankly inva-
sive cancer (Fig.  12.15). Atypical vessels 
(Fig.  12.8) are the hallmark of invasive cancer 
and may obtain the shape of corkscrew, spaghetti, 
comma, tendril and waste thread.

12.7  Documentation 
of Colposcopic Findings

It is important to document the colposcopic find-
ings not only for appropriate diagnosis and man-
agement but also for future follow-up. Saving of 
the images in digital formats allows comparison 
of the findings at follow-up. A simple diagram-
matic representation of the transformation zone 
and the abnormalities detected can also be very 
useful for future comparison. A uniform termi-
nology and uniform scoring system reduce the 
variability and improve the objectivity of report-
ing and also help in the comparison between pub-
lished reports on test performance. To improve 
the diagnostic accuracy of colposcopy and make 
it more objective, the International Federation of 
Cervical Pathology and Colposcopy (IFCPC) 
introduced a new system of nomenclature in 
2011. The Reid score has been replaced by Swede 
score to grade the severity of abnormalities.

IFCPC 2011 Classification of Colposcopic 
Terminology The 2011 IFCPC nomenclature 
aims to standardize the colposcopic examination 
findings. At the outset the colposcopist must 
comment on the adequacy of the examination. 
The examination should be considered inade-
quate if the cervix cannot be exposed properly 
due to adhesions, atrophy or lax vaginal wall. 
Sometimes the features on the transformation 
zone may not be satisfactorily visible due to sur-
face bleeding and/or extensive  inflammation, and 

Fig. 12.14 Microinvasive cancer. Reprinted with permis-
sion from Prendiville W, Sankaranarayanan R. Colposcopy 
and treatment of cervical precancer. IARC technical pub-
lications, 45. Lyon: IARC, 2017

Fig. 12.15 Frank invasive cancer. Reprinted with per-
mission from Prendiville W, Sankaranarayanan 
R. Colposcopy and treatment of cervical precancer. IARC 
technical publications, 45. Lyon: IARC, 2017
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the examination is considered inadequate. It is 
mandatory to document the location of the SCJ 
and its visibility. Depending on the location and 
the visibility of the SCJ, the TZ should be classi-
fied as TZ type 1 (SCJ fully visible on the ecto-
cervix or at the external os), TZ type 2 (SCJ fully 
visible but is situated in the endocervical cancer 
either fully or partially) or type 3 (the SCJ is par-
tially or completely invisible due to its location 
inside the canal). The colposcopist should 
 comment on the normal squamous epithelium 
(whether any features of metaplasia, atrophy or 
pregnancy are present) and the normal columnar 
epithelium (presence of ectropion), even if the 
colposcopy is completely normal.

The abnormal colposcopic findings are classi-
fied as minor (grade 1) or major (grade 2), 
depending on their severity, the minor and the 

major findings being predictive of low-grade and 
high-grade lesions, respectively (Table 12.1). It is 
important to describe the location of the lesion in 
relation to the TZ and also the size of the lesion, 
as described in the table.

Swede Scoring System The Swede scoring sys-
tem takes into account the five main characteris-
tics of the lesion described in Table 12.2. These 
are the density of acetowhitening, margin and 
surface of the abnormality, presence or absence 
of blood vessels, lesion size and the changes after 
iodine staining; each feature is ascribed a score of 
0, 1 or 2. A total score of less than 5 reasonably 
excludes the presence of high-grade lesions. A 
score of either 5 or 6 indicates high-grade lesion; 
invasive cancer is very unlikely. A high-grade 
lesion or even an invasive cancer should be sus-
pected if the score exceeds 6.

Table 12.1 IFCPC 2011 classification

Abnormal 
colposcopic findings

General 
principles

Location of lesion: inside or outside the T-zone, location by clock position
Size of lesion: number of cervical quadrants the lesion covers, size of 
lesion in percentage of cervix

Grade 1 
(minor)

Thin acetowhite epithelium Fine mosaic
Irregular, geographic border Fine punctation

Grade 2 
(major)

Dense acetowhite epithelium Coarse mosaic
Rapid appearance of acetowhitening Coarse punctation, sharp 

border, inner
Cuffed crypt (gland) openings Border, ridge sign

Non-specific Leukoplakia (keratosis, hyperkeratosis), erosion, Lugol’s staining 
(Schiller’s test): stained/unstained

Table 12.2 Swede scoring system

Swede score 0 1 2
Aceto uptake Zero or 

transparent
Shady, milky
Neither transparent nor opaque

Distinct
Opaque
White

Margins/
surface

Diffuse Sharp but irregular, jagged, 
geographic satellites

Sharp, even, difference in surface level, 
includes cuffing

Vessels Fine, regular Absent Coarse or atypical
Lesion size <5 mm 5–15 mm

or
Two quadrants

>15 mm
or
Three to four quadrants or undefined 
endocervically

Iodine 
staining

Brown Faintly or patchy yellow Distinct yellow

Total score

P. Basu et al.
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12.8  Accuracy of Colposcopy

Colposcopy is a highly subjective procedure, 
and the interobserver agreement in the assess-
ment of components of colposcopic grading 
using static/digital cervical images remains 
poor between providers [9–11]. In order to 
reduce the interobserver variability, it is impor-
tant to adapt a uniform reporting and grading 
system suggested by the IFCPC. When the 2011 
IFCPC classification is used, colposcopic accu-
racy by examiners with differing amounts of 
experience has no significant difference [12–
14]. The diagnostic accuracy of colposcopic 
examination, like that of any subjective test, 
varies according to the training and expertise of 
the colposcopist, the prevalence of the disease 
and the knowledge of the referral screening test 
report [15]. Even when performed by experi-
enced colposcopists, when colposcopy is used 
as a triaging tool, its specificity is very low and 
is around 50% [16]. A systematic, pooled analy-
sis of the accuracy of colposcopy observed that 
46.4% screen-positive women undergoing col-
poscopy would be falsely diagnosed to have 
CIN 2/CIN 3 and would be unnecessarily treated 
(in a ‘colposcopy-and-treat’ scenario) [17]. 
Finally, colposcopy performs better at the 
extremes of abnormality: excluding the normal 
cervix and identifying the CIN 3 and invasive 
cancer [15].

12.9  Limitations of Colposcopy

The purpose of colposcopy is to define which 
women need further diagnostic evaluation by a 
biopsy and treatment and which women do not 
need the same.

The technique of performing colposcopy 
requires a thorough knowledge of the pathophys-
iology of HPV infection, cervical abnormalities, 
good training and mentoring, continued learning, 
improvement in skills and frequent colposcopic- 
histopathological correlation to improve one’s 
performance. The accuracy of colposcopy also 
depends upon the adequacy of colposcopy, visu-

alization of SCJ and TZ type. The adequacy of 
colposcopy may be affected when there is 
 inflammation, bleeding, atrophy, previous treat-
ment, etc.

Studies of loop excision after colposcopy 
have identified women with high-grade dis-
ease missed colposcopically [18]. Blind biop-
sies from the apparent normal TZ on 
colposcopy may detect unsuspected CIN2+ 
[19]. Therefore a colposcopist should be lib-
eral in obtaining biopsies specially from the 
equivocal changes [20].

Colposcopy is also expensive and time- 
consuming and requires a dedicated setup and 
a well-trained team. Such infrastructure may 
not always be available in many low- and 
middle- income countries. The retrospective 
analysis of a large study conducted in South 
India showed that the risk of cervical cancer 
among women who tested positive by visual 
inspection with acetic acid (VIA) and under-
went colposcopy and who did not undergo col-
poscopy was the same [21]. This suggests that 
colposcopy triage has limited value in VIA 
screening, especially in limited resourced set-
tings. Moreover, colposcopy requires an addi-
tional visit to the health facilities that reduces 
the compliance of the women. The world 
Health Organization (WHO) has recommended 
a ‘screen and treat’ strategy using VIA or HPV 
testing (when affordable) in settings where 
organizing colposcopy and histopathology ser-
vices is difficult. The main disadvantage of 
exclusion of colposcopy in the ‘see and treat’ 
strategy is that a large number of women may 
be overtreated.

12.10  Summary

Colposcopy is a triage tool between a positive 
cervical cancer screening test (or a suspicious 
looking cervix) and the histopathological 
 diagnosis. The essential characteristics noted 
during colposcopy are acetowhiteness, vessel 
types, margin status, lesion size and iodine stain-
ing. Adapting a uniform reporting system, the 
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Swede scoring system helps in improving the 
yield and reduces the variability of reporting. A 
high-grade lesion on colposcopy appears distinct, 
opaque white; it has a sharp and even border, has 
coarse punctation and mosaic pattern, involves 
three or four quadrants, may be >15 mm in lon-
gest diameter and may have endocervical exten-
sion which cannot be defined; and it appears 
distinct yellow after application of Lugol’s 
iodine. Inner border sign and ridge sign are two 
more pathognomonic criteria that are highly 
associated with the presence of high-grade CIN.

Key Points
• IFCPC nomenclature and Swede scoring sys-

tem should be adapted for uniform reporting 
of colposcopy findings.

• Although acetowhitening itself cannot distin-
guish between dysplastic cells and non- 
dysplastic cells, acetowhitening due to 
dysplastic cells appears more quickly, it is 
dense, it appears oyster white or grey white 
and its border is distinct and lasts longer.

• The characteristics of the vessels are puncta-
tions, mosaicism and atypical vessels. These 
are seen when there is abnormal epithelium or 
dysplastic epithelium.

• Abnormal cells/cancerous cells do not contain 
glycogen and hence do not stain mahogany 
brown or black and remain mustard or saffron 
yellow in colour.

• Generally sharp margin status is associated 
with a high-grade lesion. As the sharpness of 
the margin increases, the possibility of a high- 
grade lesion increases. Low-grade lesions are 
associated with geographic, jagged margins.

• A small geographic lesion with fine puncta-
tion and/or fine mosaic is likely to be a low- 
grade lesion, whereas a large lesion involving 
more than two quadrants with coarse puncta-
tions and coarse mosaic is likely to be a high- 
grade lesion.

• The colposcopic abnormalities within the trans-
formation zone and large lesions are more 
closely related to high-grade lesion/carcinoma.

• Grade 1 (minor) abnormalities have fine 
mosaic, fine punctation, thin acetowhite epi-
thelium and irregular, geographic border.

• Grade 2 (major) abnormalities have sharp bor-
der, inner border sign, ridge sign, dense ace-
towhite epithelium, coarse mosaic, coarse 
punctations, rapid appearance of acetowhiten-
ing and cuffed crypt (gland) openings.

• Screening, either evaluation of screen posi-
tives or immediate treatment of screen posi-
tives, and recall of screen negatives at regular 
interval are essential to ultimately reduce cer-
vical cancer incidence and mortality.
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Cervical Cancer Screening 
in Pregnancy

Dipanwita Banerjee, Ranajit Mandal, 
and Alpana Chhetri

13.1  Introduction

Cervical cancer is the most common genital 
malignancy diagnosed during pregnancy. Around 
3% of newly diagnosed invasive cervical cancer 
occurs in pregnant women [1]. The prevalence of 
abnormal Papanicolaou (Pap) test result in preg-
nancy does not differ from the age-matched non- 
pregnant population. In some populations up to 
20% of pregnant women have an abnormal Pap 
test result during pregnancy [2]. The objective of 
this chapter is to review the existing guidelines 
on cervical cancer screening in pregnancy and 
also diagnosis and management of cervical 
intraepithelial neoplasias (CIN) in pregnancy.

13.2  Current Scenario 
of Screening Programs 
in Developed and Low- 
and Middle-Income Countries

Annual incidence of 122,000 new cervical cancer 
cases and 67,000 cervical cancer-related deaths 
clearly show the burden of this totally prevent-
able cancer in India [3]. The screening program 
available in India is very sporadic, opportunistic, 
and non-population based. According to the India 
HPV report, in 2012, only 2.6% of the rural 
women and 4.9% of the urban women have been 
screened in the country [4]. Tamil Nadu is the 
only state in the country that has initiated system-
atic screening of the women after conducting a 
pilot project in three districts [4]. In high-income 
countries, a Pap test linked with definitive treat-
ment has prevented millions of women from cer-
vical cancer but failed to achieve optimum 
utilization in most developing countries. In the 
last two decades, various research works have 
convincingly established the utility of visual 
inspection on acetic acid (VIA) and human papil-
lomavirus test (HPV) in low- and middle-income 
countries (LMICS) including India [5–7]. The 
evidence was evaluated by the World Health 
Organization (WHO) in recently published rec-
ommendations for comprehensive cervical can-
cer control strategies for the low- and 
middle-income countries [8]. The existing guide-
lines are almost the same for the specified age 
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group of 21–65  years irrespective of the preg-
nancy status with few modifications according to 
the gestational age of the women and severity of 
abnormality on screening test.

Prenatal care provides an opportunity for 
screening because many women seek health care 
only when they are pregnant. This is especially 
true for low- and middle-income countries where 
catching up the reproductive age group women 
may be the only opportunity to screen all preg-
nant women who are older than 21 years when 
they present for their first prenatal visit.

13.3  Physiological Changes 
of the Cervix in Pregnancy

Due to increased estrogen and progesterone, the 
cervix becomes soft and swollen with resultant 
hypertrophy and hyperplasia of the elastic and 
connective tissues. Estradiol stimulates growth 
of columnar epithelium resulting in exposure of 
the columnar line of endocervical canal into the 
vaginal secretions. This condition is also known 
as ectropion. Due to increased mucus produc-
tion, clinical examination of the cervix becomes 
difficult (Fig. 13.1). Decidualization of the cer-
vical stroma often causes increased friability, 
polyps, and plaque-like changes that can be seen 
grossly and also on colposcopy examination 
(Fig. 13.2).

13.4  Guiding Principles 
of Cervical Cancer Screening 
in Pregnancy

The cervical cancer screening algorithm has 
undergone significant changes after the introduc-
tion of HPV DNA and VIA tests as an option. 
Both anatomical and physiological changes in 
the cervix during pregnancy make the screening 
procedure a different scenario altogether as the 
management principles are directly related to 
obstetric outcome of the women.

13.4.1  Screening Methods

13.4.1.1  Cytological Tests
In the developed countries with an established 
cytology-based screening program, the need of 
opportunistic screening by Pap smear as a routine 
prenatal examination to increase rate of detection 
of cervical abnormalities is rarely necessary. Due 
to availability of routine screening covered up by 
health insurance, the incidence of cervical cancer 
has dramatically gone down and rarely addressed 
in high-resource countries. But for low-resource 
countries, visit to the antenatal clinic may be the 
only time, when women will attend the health- 
care facility and will remain compliant to her 

Fig. 13.1 Difficult colposcopy examination due to large 
ectropion in pregnancy

Fig. 13.2 Hypertrophy of columnar epithelium in 
pregnancy
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 clinician’s advice. Thus opportunistic screening 
at the time of their routine prenatal visit is 
required, and this plays a key role in diagnosis 
and management of cervical pre-cancers. 
However, interpretation of conventional or liq-
uid-based Pap testing is difficult due to high 
mucus production and large number of navicular, 
reactive glandular, and even trophoblastic cells in 
the smear. To rule out misdiagnosis and resultant 
over treatment, interpretation of Pap test results 
should be done carefully especially during preg-
nancy and postpartum period.

13.4.1.2  Noncytological Tests
Under the hormonal influence, significant change 
in anatomy and physiology of the cervix during 
pregnancy can make the result of any visual 
screening tests like VIA with 5% freshly pre-
pared acetic acid or visual inspection with 
Lugol’s iodine (VILI) harder to interpret and 
could be inaccurate. Moreover, the younger the 
age, the probability of false-positive VIA test is 
also high. The role of molecular tests like HPV 
mRNA test and hybrid capture 2 (HC2) test, 
which detects 13 high-risk types of oncogenic 
HPV DNA (HPV types 16, 18, 31, 33, 35, 39, 45, 
51, 52, 56, 58, 59, 68) by nuclear hybridization 
technique, is more reliable. The interpretation of 
results with these tests is not observer-dependant, 
and results are highly sensitive and specific [9].

Various researchers in different studies have 
shown that the pooled estimates of sensitivity and 
specificity of VIA, Pap smear cytology, and 
human papillomavirus DNA to be 67.65% and 
84.32%, 62.11% and 93.51%, and 77.81% and 
91.54%, respectively [9, 10].

13.4.2  Time to Perform Screening 
Tests During Pregnancy

During pregnancy, the time of performing cervi-
cal cancer screening tests also depends on which 
trimester the lady is reporting to the clinic. The 
National Health Service (NHS) trust cervical 
screening program recommends that routine cer-
vical screening tests can usually be delayed in 
pregnant women till 6  weeks postpartum pro-

vided they are up to date with their routine Pap 
test prior to the conception [11]. Apart from sus-
picion of invasive cancer definitive diagnostic 
tests and further management can be postponed 
till delivery. This is because of the fact that even 
left untreated, only 2–5% of CIN3 cases will 
progress to invasive cancer in the future [12, 13].

13.4.3  Screening Interval

The current recommendation of screening inter-
val for pregnant women remains same as the non- 
pregnant individuals.

13.4.4  ASCCP Guidelines on Cervical 
Cancer Screening 
in Pregnancy

In 2012, the American Cancer Society (ACS), the 
American Society for Colposcopy and Cervical 
Pathology (ASCCP), American Society for 
Clinical Pathology (ASCP), United States 
Preventive Services Task Force, and ACOG 
released updated recommendations for cervical 
cancer screening in pregnancy [14, 15]. As there 
is an already established cytology-based screen-
ing practice available, the recommendations are 
strongly based on abnormal Pap smear results. 
The following are the special recommendations 
for management of abnormal cytological findings 
in pregnancy (Table 13.1):

 1. Management of screen test positive result 
depends on the severity of abnormality on 
cytology.

 2. In case of any suspicion of invasive cancer, 
further referral for colposcopy and biopsy is 
mandatory.

 3. Treatment of any grade of CIN is contraindi-
cated during pregnancy as there is no immedi-
ate harm to the mother or fetus, while 
unnecessary treatment may be associated with 
adverse fetal and maternal outcome.

 4. In case of CIN2 and CIN3 lesions, repeat col-
poscopy and cytology can be done at a mini-
mum of 6 weeks interval.
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 5. Treatment by excision methods is only recom-
mended to rule out suspected invasive cancer.

 6. Glandular abnormality in Pap smear should be 
referred for further evaluation by colposcopy; 
however, endocervical curettage (ECC) is not 
recommended during pregnancy.

 7. Plan for pregnancy and/or mode of delivery 
should not be altered unless invasive disease is 
present.

 8. The 2012 recommendations include the utility 
of molecular testing as an adjunct test to cytol-
ogy screening for certain women and provide 
guidance to the treating physicians based on 
different risk-benefit considerations for differ-
ent ages [16].

The increase in cost with very few benefits of 
picking up true high-risk cases which require fur-
ther evaluation makes co-testing with HPV DNA 
and Pap smear a questionable method in a 
resource-constrained setup. The World Health 
Organization (WHO) has strongly recommended 
HPV DNA test as a primary screening test if fea-
sible [17, 18]. However, the main objective of 
preventing cervical cancer should be addressed 
by using any screening method according to pub-
lic health resources and country-specific need.

13.4.5  Age of Screening

According to the ASCCP guidelines, cervical 
carcinoma screening by cytology should begin at 
21  years of age, regardless of age of coitus or 
vaccination status, until age 30. For women more 
than 30 years of age, co-testing with cytology and 
HPV testing every 5 years is the preferred method 
of screening [14, 15], although cytology screen-
ing every 3 years is acceptable. When HPV test-
ing is used as a primary screening test, the 
screening should start at 30 years of age. Majority 
of studies utilizing VIA as a screening method 
has reported the starting age of VIA at more than 
25  years [19, 20]. This is to avoid unnecessary 
false-positive results due to immature squamous 
metaplasia and inflammation at younger age.

Studies report that 10–70% of cervical intraep-
ithelial neoplasias, CIN1 and CIN2, diagnosed 
during pregnancy regress and sometimes even 
disappear postpartum, while persistence in the 
severity of cervical neoplasia is reported in 
25–47% of cases and progression in 3–30% of 
cases [21, 22]. In absence of strong recommenda-
tions, data obtained are mainly based on personal 
experiences and retrospective studies of pregnant 
women.

13.5  Colposcopy Examination 
in Screen-Positive Cases

Indications for colposcopy in pregnant and non- 
pregnant women are same. The only exception in 
the ASCCP guidelines is that colposcopy exami-
nation may be deferred until the postpartum 
period in low-grade squamous intraepithelial 
lesions (LSIL) or atypical squamous cells of 
undetermined significance (ASC-US) with HPV- 
positive status (Fig. 13.3). As more than 80% of 
HPV infection gets cleared within a year, the co- 
testing for HPV DNA is recommended after 
6 weeks in the postpartum period if early trimes-
ter co-testing with cytology and HPV DNA were 
positive [23]. Due to hormonal changes interpre-
tation of colposcopy, findings are difficult during 
pregnancy. The pregnant cervix may be easily 
seen or may be difficult to visualize than the non- 
pregnant state. It is usually easier to see the entire 

Table 13.1 Summary of abnormal Pap smear manage-
ment in pregnancy

Pap test result Management
Atypical squamous 
cells of undetermined 
significance 
(ASC-US)

•  Defer colposcopy 6 weeks 
postpartum

• No ECC

Low-grade squamous 
intraepithelial lesion 
(LSIL)

•  Colposcopy 6 weeks 
postpartum acceptable

• No ECC
•  If no evidence of high-grade 

lesion follow-up as per 
non-pregnant guidelines

High-grade 
squamous 
intraepithelial lesion 
(HSIL)

• Colposcopy
• No ECC
•  Diagnostic excision only if 

suspected invasive disease
•  Treatment only in case of 

invasive cancer
Atypical glandular 
cells (AGC)

• Colposcopy
• No ECC
•  If no evidence of high-grade 

lesion, repeat cytology and 
HPV postpartum
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TZ due to eversion of cervical epithelium col-
poscopically described as large ectropion which 
reverts postpartum. On colposcopy, the cervix 
becomes more hyperemic with prominent ectro-
pion, and the vaginal rugosities also are more 
prominent and hyperemic. As pregnancy pro-
gresses, vaginal walls may become highly patu-
lous especially in multiparous women making 
visualization of cervix more difficult. The use of 
lateral vaginal speculum or condom may help to 
hold back the vaginal walls. Vulvovaginal varices 
may also become prominent in pregnancy due to 
high blood supply.

As the pregnancy progresses, decidualization 
of stroma often becomes prominent, appearing as 
hyperemic-raised plaque-like lesions, which 
becomes acetowhite after application of 5% ace-
tic acid. Even in the first trimester, edema and 
increased vascularity make colposcopy examina-
tion difficult. Active immature metaplasia often 
produces thin patchy acetowhite areas with fine 
mosaics and fine punctations, making it difficult 
to distinguish between low-grade dysplasia and 
squamous metaplasia. Due to vasodilation, 
intraepithelial blood vessels become larger, 
which makes the low-grade lesions look more 
severe (Fig. 13.3). Subtle signs of invasive cancer 
can be easily missed within a high-grade intraepi-
thelial lesion. Regarding the positioning of the 
patient, no changes in position is required in early 
pregnancy, whereas in late trimester, lying down 
in left lateral position is preferable to avoid supine 
hypotension during colposcopic examination.

13.6  Hispathological Examination

A sharp cut with a punch biopsy from the worst 
affected area under colposcopy guidance is rec-
ommended. Biopsy should only be done in high- 
grade lesions on colposcopic examination to rule 
out invasive cancer. As cytology test results, 
interpretation of histopathological findings is 
also challenging with prominent decidual 
changes and Arias-Stella reaction in the pregnant 
cervix. Due to high vascularity of the cervix, 
securing hemostasis becomes difficult but should 
be obtained with pressure gauze or Monsel’s 
solution.

13.7  Management of CIN Lesions 
in Pregnancy

Repeated colposcopy examination with no evi-
dence of high-grade lesions on colposcopy and 
biopsy is unnecessary and is categorized as unac-
ceptable in ASCCP guideline. The majority of 
CIN lesions regresses in the postpartum period. 
The reasons for the regression may be the follow-
ing [21, 22]:

• Due to natural history of the disease itself.
• The typical hormonal pattern during preg-

nancy may induce a viral activation that spon-
taneously leads to higher clearance rates 
postpartum.

• Misinterpretation of histopathological find-
ings in antenatal period.

• The process of childbirth possibly leads to 
loss of abnormal cervical epithelium in intra-
partum period.

Only high-grade lesions need further evalua-
tion by colposcopy and guided biopsy to rule out 
invasive cancer. In case of absence of any inva-
sive component in histology, treatment of even 
high-grade pre-cancers CIN2 and CIN3 can be 
deferred until 6 weeks postpartum with reevalua-
tion by colposcopy and/or biopsy. Treatment 
methods available are as same as in non-pregnant 
women. Ablative methods by cryotherapy, ther-
mocoagulation, laser ablation or excisional 
method by loop electrosurgical excision 

Fig. 13.3 Vasodilatation of intraepithelial blood vessels 
due to hormonal changes in pregnancy
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procedure (LEEP), cold knife conization (CKC), 
and laser conization are the standard modes of 
treatment available for management of cervical 
pre- cancerous lesions.

13.7.1  Ablative Treatment

In case of high probability of loss to follow-up or 
if additional opportunities to treatment are 
unlikely, treatment during pregnancy by ablative 
method can be considered [24, 25]. The limited 
evidence does not suggest that either cryotherapy 
or thermocoagulation treatment during preg-
nancy is related to any adverse pregnancy out-
comes; however, an increased risk of pregnancy 
loss cannot be ruled out, and further evidence is 
required. There also are possible negative percep-
tions if ablative treatment is accidentally associ-
ated with pregnancy loss by women.

13.7.2  Excision Method

Both LEEP and CKC in pregnancy should be 
performed if required to rule out invasive  cancers. 
LEEP in the first trimester is a safe procedure 
with unclear evidences regarding comparison of 
obstetric outcome between cryotherapy and 
LEEP [25–27]. Meta-analysis on early preg-
nancy outcomes for CIN states increased risk of 
miscarriages when LEEP is performed in the 
second trimester possibly as a result of cervical 
incompetence after proportionally large excision 
during the LEEP procedure [27–29]. However, 
cold knife conization is associated with increased 
second- trimester miscarriages and more chances 
of cesarean delivery [30]. This may be due to 
larger depth of cone than the LEEP specimen 
with increased risk of cervical incompetence.

Unnecessary treatment of cervical pre-cancers 
can lead to cervical stenosis, preterm delivery, 
and preterm premature rupture of membranes 
[31]. The treatment of cervical pre-cancers in 
young women should be minimized with indi-
vidual case assessment of risk-benefit ratio and 
chances of future fertility and adverse obstetric 
outcome.

13.8  Treatment of Invasive Cancer

Biopsy-proven invasive cancer cervix (ICC) in 
pregnancy should be referred to an oncology cen-
ter. ICC requires a multidisciplinary approach 
according to the stage of the disease and gesta-
tional age of the current pregnancy.

13.9  Mode of Delivery

An abnormal screening test is not an indication 
for cesarean delivery. Even histologically proven 
high-grade pre-cancer is not a contraindication 
for vaginal delivery. In case of invasive cancers 
only, delivery by cesarean section is advised due 
to high probability of micrometastasis in locore-
gional area and/or obstruction of birth canal due 
to large growth [32].

13.10  Screening for HPV- 
Vaccinated Pregnant Women

After the introduction of HPV vaccination in 
2007, there is a cohort of women who are vacci-
nated against high-risk oncogenic types 16 and 
18 of HPV. Irrespective of their pregnancy status, 
current recommendation is as same as the routine 
screening protocol of non-vaccinated women 
[33, 34]. More studies are required to establish an 
evidence-based cervical cancer screening strate-
gies for the HPV-vaccinated girls.

13.11  Conclusion

Cervical cancer screening guidelines are not dif-
ferent in pregnant population from non-pregnant 
population. In low-grade abnormalities, colpos-
copy and/or biopsy may be deferred until 6 weeks 
postpartum. In case of high-grade lesions, biopsy 
should be performed to rule out invasive cancers. 
Treatment options are also same as non-pregnant 
women but shall be reserved for highly selected 
cases and in suspicion of invasive cancers. In 
invasive cancer cases, appropriate referral to 
oncology center with multidisciplinary team 
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approach can influence the obstetric outcome as 
well as the prognosis of the disease.

Key Points
• The current indication for cervical cancer 

screening is same in both pregnant and non- 
pregnant women.

• Colposcopy may be deferred at least 6 weeks 
postpartum for atypical squamous cells of 
undetermined significance and low-grade 
squamous intraepithelial lesions but should be 
used to triage high-grade abnormalities.

• Cervical biopsy in pregnancy is indicated only 
in suspicion of invasive cancer.

• Cervical pre-cancers should be monitored 
during pregnancy and reevaluated after deliv-
ery, which may be done vaginally.

• The treatment of cervical pre-cancers in young 
women should be minimized with individual 
case assessment of risk-benefit ratio and 
chances of future fertility and adverse obstet-
ric outcome.

• More studies are required to establish 
evidence- based cervical cancer screening 
strategies for the HPV-vaccinated girls.
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14.1  Introduction

The incidence of cervical cancer (CC) varies 
greatly between developing and developed coun-
tries, where CC cases have been considerably 
reduced due to effective implementation of 
screening programs. CC is one of the most com-
mon cancers in women across the globe, with an 
estimated prevalence of 1,547,161 cases world-
wide in 2012 [1]. A large fraction of the world’s 
population lives in low- and middle-income 
countries (LMICs) and contributes to a signifi-
cant burden of CC. This increase is mostly related 
to growing aging population, inadequate treat-
ment facilities, and poor involvement of the com-
munity in cancer control [2]. Almost 80% of 
cervical cancer occurs in developing countries 
such as Southeast Asia, Western Pacific regions, 
India, and Africa, the regions of very high mor-
tality rate [3]. LMICs have high burden of cervi-
cal cancer due to lack of screening; high 
prevalence of risk factors like early marriage, 
early initiation of sexual activity, multiparity, and 
sexually transmitted diseases (STDs) and low 

socioeconomic status. Treatment of CC is expen-
sive and requires radical operative procedures 
and/or radiotherapy and prolonged hospital stay. 
In many low-resource countries, facilities for 
radical surgery and radiotherapy are inadequate 
and expensive.

Presently, several developing countries are 
trying to adopt a CC screening program to ensure 
wide coverage of the target population with on- 
site, low-cost screening with minimum infra-
structure requirement. Management of 
screen-positive cases and adequate follow-up 
with proper linkage to immediate treatment are 
essential to make all these efforts successful.

Two main approaches have been adopted for 
cancer screening programs: organized and oppor-
tunistic [4]. An organized cancer screening pro-
gram should be population-based, be managed 
through the public health delivery system, follow 
a uniform guideline, achieve a reasonable cover-
age of the target population, and have efficient 
linkage between screening and treatment of the 
positive cases. On the other hand, in opportunis-
tic screening, a doctor or health professional 
offers the test when a woman visits health facili-
ties for other reasons. In opportunistic screening, 
cases may not be checked or monitored. In 
LMICs, organized population-based screening 
needs to be introduced at national level with good 
population coverage to make the program 
successful.
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In LMICs, CC screening started sporadically 
in one or two tertiary health-care centers in the 
mid-1980s by conventional cervical cytology. 
However, the United Kingdom and some other 
developed countries developed a systemic call 
and recall system in the late 1980s and reduced 
the death rate of CC by conventional cytological 
test [5]. Tertiary centers of low-resource coun-
tries became familiar with cytological test and 
started opportunistic screening in the mid-1990s, 
but several difficulties were encountered in 
implementing the cytology-based screening pro-
gram in a low-resource setting. As a result, the 
CC burden remained unchanged.

In the mid-1990s, developed countries initi-
ated research on HPV DNA test, and by 2005 
many developed countries started using HPV 
DNA test as the primary screening test [6]. In the 
meantime, liquid-based cytology (LBC) replaced 
conventional cytology in some developed coun-
tries due to its higher sensitivity and specificity 
[7]. Several studies in LMICs have suggested the 
feasibility of primary screening by HPV test in 
terms of decreased program costs and increased 
screening interval [8]. However, the test is too 
expensive for introduction in the screening pro-
gram of many LMICs due to resource shortage at 
the present moment. LMICs need to adopt an 
affordable, accessible way of cervical cancer 
screening. The best available evidence supports 
visual inspection with acetic acid (VIA) testing 
as a primary screening modality for cervical pre-
cancer screening in low-resource countries, as it 
requires minimum infrastructure support, and the 
result of the procedure is available immediately.

In most LMICs, population-based cervical 
cancer screening is still nonexistent. In these 
countries, CC screening remains opportunistic 
due to competing health-care priorities, insuffi-
cient financial resources, and a limited number of 
trained providers. Hence, a significant number of 
cases are detected at advanced stages, leading to 
increased mortality. To implement successful CC 
screening program in LMICs, support and fund-
ing from the Ministry of Health are essential. The 
Middle East and North Africa have taken steps to 
implement national screening programs based on 
VIA [9].

India is carrying the largest burden of disease 
in the world. India developed guidelines for a 
population-based screening program for cervical 
cancer detection based on visual inspection tests 
more than 10 years ago. Despite introduction of 
the national guidelines, important demonstration 
projects, and a number of well-conducted 
research studies showing feasibility and cost- 
effectiveness, very little scale-up of CC screening 
services has been developed in the country [10]. 
The government of Bangladesh (GOB) evaluated 
the feasibility of screening with VIA in 2005 and 
initiated to scale up the program in 2006 to the 
district level and is now expanding the program 
to the sub-district level [11, 12]. In Bangladesh, 
screening is practiced currently by 411 centers at 
primary, secondary and tertiary health- care facili-
ties [13].

14.2  Screening in LMICs

14.2.1  Choice of Screening Test 
in LMICs

Despite the attractiveness of the vaccination pro-
gram, CC screening is still recognized as the 
most successful approach for CC control. The 
available methods of CC screening are cervical 
cytology (Pap smear), HPV test, VIA, visual 
inspection of the cervix with Lugol’s iodine 
(VILI), and colposcopy. An ideal screening test 
should be simple, painless, less time-consuming, 
cost-effective, and accurate. Pap smear has been 
used most frequently in cervical cancer screening 
programs of different high-resource countries. 
However, cytology-based screening has several 
drawbacks that limit its usefulness. The technical 
and monetary constrains of implementing 
cytology- based screening programs in LMICs 
initiated the development of simple screening 
tests. VIA and HPV testing have been suggested 
as suitable tests for primary screening methods in 
low-resource countries.

14.2.1.1  Cytology-Based Screening
Cytology-based CC screening is the oldest and 
most widespread cancer screening technique. 
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It  began in the United Kingdom in the 1960s as 
opportunistic screening. In 1988, a systemic call 
and recall program was developed that significantly 
reduced cervical cancer and subsequently has led 
to effective reduction in the incidence and mortality 
from CC in many developed countries [14, 15]. In 
the United Kingdom, from 1990 to 2008, women 
aged 35–64 years participating in a CC screening 
program had a reduced risk of CC of 60–80% and 
a reduced risk of developing an advanced CC of 
90% over the next 5-year period [16].

Introduction of conventional cytology ser-
vices in Cameroon, a low-resource country, 
reduced cervical cancer rates by 60–90% within 
3  years of implementation [17]. However, the 
widespread opportunistic screening and the 
large-scale national or regional cytology screen-
ing programs in Brazil, Cuba, Costa Rica, Chile, 
and Mexico, among others, in Latin America and 
the Caribbean have been largely ineffective in 
reducing the CC burden compared with high- 
income developed countries [18].

A combination of suboptimal cytology test-
ing, lack of quality assurance, poor coverage of 
women, and inadequate follow-up of screen- 
positive women were the main reasons for lack of 
success of cytology programs in low-resource 
countries which are mainly due to the inadequate 
health-care infrastructure, human resource, and 
program logistics.

Drawbacks and limitations of cytology-based 
screening are as follows:

• Sensitivity is inadequate to detect cervical 
intraepithelial neoplasia (CIN) 2+ disease 
(approximately 50%).

• Needs expensive laboratory infrastructure and 
highly skilled manpower that may not be eas-
ily available.

• The strict quality control required for opti-
mum performance of the test cannot be 
ensured.

• Does not provide the result immediately, and 
the positive women need to be recalled after 
the results are available.

• A repeat visit is inconvenient for the women 
and increases the dropout rates.

Even if high-quality cytology programs were 
implemented in low-resource countries, the 
cytology-based programs would only be moder-
ately effective. The cytology test misses approxi-
mately 50% of high-grade precursor lesion and 
cancers with a single screening [6]. In low- 
resource settings, women would probably only 
be screened once or twice in their lifetime mak-
ing cytology screening less effective. Sensitivity 
and specificity of cytology-based screening in 
different low-resource settings are shown in 
Table 14.1.

14.2.1.2  Human Papillomavirus (HPV) 
Test

Infection by the high-risk (hr) HPV is needed for 
the development of CC. So detection of hrHPV 
DNA should be a good approach to identifying 
women with CIN. HPV causes cellular changes 
very slowly. The time from HPV infection to 
development of CC is about 10–20  years [22]. 
Therefore, a woman who is HPV negative is 
extremely unlikely to develop cervical cancer 
over the next 5–10 years, and infrequent screen-
ing would be safe. Thus, there are two potential 
uses for HPV testing: to identify those likely to 
have the disease presently and those who may 
develop the disease after few years. The HPV test 
has been proved more effective than cytology for 
CC screening, providing increased reassurance 
and allowing longer screening intervals [23]. 
Though many types of HPV tests are available, 
only several commercial HPV tests have docu-
mented clinical performance compared with the 
standard HPV test. According to guidelines, an 
ideal test should have at least 90% clinical sensi-
tivity for CIN 2+ and clinical specificity of at 

Table 14.1 Sensitivity and specificity of cytology-based 
screening in different LMICs

Author, year, country
Sensitivity 
(%)

Specificity 
(%)

Nessa et al., 2013, 
Bangladesh [19]

33.3 95.8

Sankaranarayanan et al., 
2003, India [20]

81.9 87.8

Karimi et al., 2013, Iran [21] 51 66.6
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least 98% [24, 25]. However, too many options of 
HPV tests make selection of a suitable one diffi-
cult. Due to high sensitivity, HPV tests have 
replaced cervical cytology for primary screening 
in many countries.

Several studies have confirmed that HPV test-
ing is feasible in low-resource settings and 
appears to be the best strategy for CC screening 
[26, 27]. A large-cluster randomized trial from 
rural India has shown approximately 50% reduc-
tion of CC after a single round of HPV screening 
(Hybrid Capture II) [28]. HPV testing is time- 
consuming, and expensive laboratory infrastruc-
ture is required, but development of new rapid 
molecular methods for detecting HPV DNA initi-
ated a new horizon in CC screening in low- 
resource settings. As a result of introduction of 
rapid molecular methods with high sensitivity, 
HPV test became the most efficient and cost- 
effective strategy for use in low-resource settings 
[29]. Moreover, the use of “screen-and-treat” and 
“see-and-treat” approaches requiring minimum 
visits made HPV test more cost-effective. Even 
then, affordability and sustainability using HPV 
test for primary CC screening in some low- 
resource settings are difficult to implement.

14.2.1.3  Visual Inspection 
of the Cervix with Acetic 
Acid (VIA)

VIA, also known as “the acetic acid test,” involves 
naked eye inspection of the cervix under bright 
light at least 1 min after the application of 3% to 
5% dilute acetic acid using a cotton swab or a 
spray. It involves non-magnified visualization of 
the uterine cervix and search for the appearance 
of acetowhite areas in the transformation zone 
(TZ), close to the squamocolumnar junction 
(SCJ) or the external os. The identification of 
acetowhite lesions helps in early diagnosis of 
preinvasive disease and early preclinical, asymp-
tomatic invasive cancer.

The test can be categorized as VIA positive or 
VIA negative. A positive test is the detection of 
well-defined, densely opaque dull acetowhite 
lesions in the TZ of the cervix. The faint, ill- 
defined, translucent acetowhite areas, faint ace-

towhitening of endocervical polyps, nabothian 
cysts, dot-like acetowhite appearance, and promi-
nent SCJ are categorized as negative. However, 
immature squamous metaplasia and inflamed and 
regenerating cervical epithelium may appear as 
faint acetowhite areas, and therefore these are not 
specific to cervical neoplasia.

A major benefit of VIA is that the result of 
screening test is available without delay, and 
therefore additional investigations/management 
can be planned and carried out during the same 
visit. All these advantages lead to VIA being con-
sidered as the primary cervical screening tool.

The advantages of VIA in programmatic con-
text are as follows:

• Sensitivity better than cytology (80% to detect 
CIN 2+ disease).

• Can be performed at primary and secondary 
health centers.

• Paramedical staff (nurses, female health work-
ers) and nonspecialist doctors can be trained 
to do the test.

• The procedure is simple, and the test providers 
can be trained through a 1 to 2 weeks course.

• The equipment is inexpensive and the con-
sumables can be made available very easily.

• The test result is available immediately.

Studies indicate that VIA is at least as sensi-
tive as conventional cytology in detecting high- 
grade lesions, but its specificity is lower. VIA 
appears to be the most promising low-technology 
alternative to cytology [29, 30]. Table 14.2 com-
pares the sensitivity and specificity of VIA in 
detecting CIN 2 and CIN 3 and invasive cancer in 
different low-resource countries.

For countries in resource-constrained settings, 
where screening with an HPV test is not feasible, 
the World Health Organization (WHO) recom-
mends screening with VIA and treatment with 
cryotherapy. However, if the lesion is not eligible 
for treatment by cryotherapy, she should be 
referred to a higher center [39, 40].

Several countries in Asia, Africa, and Central 
America initiated scale-up of the program after 
gaining some experience from the pilot program. 
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The government of Zambia has initiated a large- 
scale screening program using VIA [41, 42]. 
Characteristics of the screening programs of the 
mentioned countries including the management 
algorithm for screen-positive women are given in 
Table 14.3 [42]. Bangladesh evaluated the feasibil-
ity of screening with VIA within the existing gov-
ernment health infrastructure in 16 districts in 
2005 [11] and scaled up the program to all the dis-
tricts and is now expanding the program to the 
sub-district level. In Bangladesh, screening is 
practiced currently by 411 centers at primary-, 
secondary-, and tertiary-level health-care facilities 
[13]. Bangladesh has adopted CC screening for the 
women of 30 years and above with VIA, and posi-
tive cases are being referred to the higher facilities, 
where colposcopy and management are carried 
out. In Bangladesh, colposcopy became an impor-
tant part of this prevention program both for diag-
nosis and guiding the treatment [12, 43, 44]. 
However this is predominantly an opportunistic 
screening program [42, 43]. In India also the gov-
ernment has advocated VIA as the screening 
modality for women more than 30 years of age.

Procedure of VIA
VIA has become the screening test of choice for 
the CC screening program in several low-resource 
countries due to its simplicity and affordability. If 
a woman wishes to undergo VIA test, she needs 
counseling along with taking a brief reproductive, 
contraceptive, and menstrual history including 
date of last menstrual period. The criteria to cate-
gorize the observations into negative, positive, or 
suspected cancer after VIA are given in Table 14.4.

The steps of VIA are as follows:

• Select a bivalve speculum of appropriate size 
to see the vagina and cervix adequately 
(Fig. 14.1).

• Use a good focusing light preferably with hal-
ogen or LED or 100 W tungsten bulb.

• The woman should be informed before insert-
ing the speculum in the vagina.

• When inserting the speculum, ask the woman 
to breathe in deeply and then breathe out 
slowly through her mouth. This helps her to 
relax and not contract her vaginal muscles.

• Insert the blades fully or until resistance is 
felt.

• If difficulty is faced in exposing the cervix 
because of lax vaginal walls, a non-lubricated 
condom over the speculum blades can be used 
with cutting the tip of the condom.

• Examine the vagina. Note for inflammation, 
ulcers, or sores.

• Examine the cervix and locate the cervical 
opening (external os) (Fig. 14.2).
 – Note the color of the cervix. The surface 

should be smooth and pink. The area of the 
cervix where the color changes from pink 
to red is the squamocolumnar junction, 
which is usually close to the external cervi-
cal os (Fig. 14.3).

 – Note if there is bleeding or discharge from 
the cervix. Normal cervical secretions 
should be clear and odorless.

 – To perform VIA, apply 5% freshly prepared 
dilute acetic acid solution liberally on the 
cervix using a cotton swab (Fig. 14.4).

Table 14.2 Accuracy of VIA in detecting CIN 2–3 and invasive cancer [38]

Author, year, country Number of participants Sensitivity (%) Specificity (%)
Denny et al., 2000, South Africa [8] 2885 67 84
Nessa et al., 2010, Bangladesh [12] 104,098 93.6 58.3
University of Zimbabwe, 1999, Zimbabwe [31] 2148 77 64
Denny et al., 2002, South Africa [32] 2754 70 79
Sankaranarayanan et al., 2004, India [33] 54,981 79 86
Braganca et al., 2005, Brazil [34] 809 54 88
Ngoma et al., 2010, Tanzania [35] 10,378 60.6 98.2
Muwonge et al., 2010, Angola [36] 8851 70.7 94.5
Sauvag et al., 2011 [37] 80 92
Sankaranarayanan et al., 2011 [18] 80 (14–95) 92 (14–98)

14 Cervical Cancer Screening in Low-Resource Settings
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 – After at least 1 min, inspect the cervix to 
reconfirm the position of the SCJ and also 
to look for features of the transformation 
zone (TZ) (Fig. 14.5).

 – Carefully look for any abnormality, espe-
cially an acetowhite area on the TZ 
(Figs. 14.6, 14.7, and 14.8).

 – After completion of the test, wipe out the 
excess acetic acid, and gently remove the 
speculum, keeping the blades partially 
closed.

 – Inform the woman of the test results and 
appropriately counsel her.

 – Fill out appropriate forms and registers. 
Document the findings clearly.

Table 14.4 Criteria for categorizing VIA test results

VIA 
category Description of the findings
Negative No acetowhite area

Transparent or faint patchy acetowhite 
areas without definite margins
Nabothian cysts becoming acetowhite
Faint line like acetowhitening at the 
junction of the columnar and squamous 
epithelium
Acetowhite lesions far away from the 
transformation zone

Positive Distinct, opaque acetowhite area
Margin should be well-defined, may or 
may not be raised
Abnormality close to the 
squamocolumnar junction in the 
transformation zone and not far away 
from the os

Suspected 
cancer

Obvious growth or ulcer on the cervix
Acetowhite area may not be visible 
because of bleeding

Fig. 14.1 Instrument 
tray for VIA

Fig. 14.2 Exposing the cervix and noting the type of vaginal discharge if any
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Fig. 14.3 Identifying the squamocolumnar junction

Fig. 14.4 The cervix after application of acetic acid

Original SCJ

New SCJ

Fig. 14.5 Identifying the TZ
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a b

Fig. 14.6 VIA category—negative. (a) Blanching of the columnar epithelium noted. Crypt openings are seen promi-
nently. (b) The columnar epithelium temporarily becomes patchy acetowhite

a b

Fig. 14.7 VIA category—positive. (a) Thin acetowhite area seen on the anterior lip in the transformation zone attached 
to the SCJ. (b) Dense acetowhite area seen on both the anterior and posterior lip in the transformation zone

a b

Fig. 14.8 VIA category—suspected cancer. (a) Dense acetowhite area with surface irregularity and bleeding points 
seen mostly on the posterior lip. (b) Raised nodular growth with dense acetowhite area and contact bleeding
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14.2.2  Components of Screening 
Program

14.2.2.1  Defining the Target 
Population, Frequency 
of Screening, and Population 
Coverage

The target age group for CC screening and the 
frequency of screening should be based on the 
reasonable estimation of the capabilities and 
resources available for the program. In LMICs, 
utilization of the limited resources should be 
planned to provide benefit to the maximum num-
ber of women who are at risk of the disease. CC 
screening should be started at the age of 30 years 
in programs with limited resources as this disease 
is rare before the age of 30 years and screening 
women at a younger age detects many low-grade 
lesions that never progress to cancer.

WHO recommends screening from 30 years 
of age, with population screening coverage of 
women aged 30–49 years of age [39, 40]. Best 
utilization of the resources is possible if screen-
ing is limited to the age group with maximum 
possibility of detecting the high-grade precancer 
lesions (CIN 2 and 3), which is between 30 and 
49 years of age. Individual countries may adopt 
variations depending on the government’s atti-
tude and political will, stakeholder’s view, eco-
nomic situation, budgetary allocation, etc.

The screening should be performed every 5 
years. All efforts should be made to achieve high 
coverage of the target population. For test- 
negative women on VIA or cytology, the screen-
ing interval for repeat screening should be every 
3–5 years. However, in case of HPV test, women 
with negative result should have rescreening after 
a minimum interval of 5 years. In women who 
are HIV-positive or with unknown HIV status in 
areas with endemic HIV infection, the screening 
interval should be more frequent [40].

Too frequent screening of women such as 
every year or every 2 years causes a heavy burden 
on the limited manpower and financial resources 
of low-resource settings. Frequent screening does 
not add extra benefit over 3-yearly or 5-yearly 

screening. It has been estimated that screening 
women with VIA even twice in their lifetime is 
highly cost-effective. In countries of low-resource 
settings, achieving a good coverage (more than 
70%) of the target women determines the success 
of the screening program rather than too frequent 
screening.

14.2.2.2  Screening Test Facilities
The CC screening program of low-resource set-
tings should be integrated into the existing gov-
ernment health-care delivery system. This is 
convenient and cost-effective. For convenience 
and to ensure better compliance, the screening 
tests should be done close to the residence of the 
women. Primary and secondary health-care facil-
ities are best suited for this purpose. However, if 
the health facilities are too far from a particular 
locality or are in hard-to-reach areas, mobile clin-
ics (screening camps) can be set up on a tempo-
rary basis at a suitable place in the village.

14.2.2.3  Capacity Building of Test 
Providers

The nurses, female health workers, and other 
paramedical staff or the physicians at the primary 
and secondary health-care level can do the 
screening test. They require training and certifi-
cation before they start the procedure. One essen-
tial component is the development of a strong 
screening implementation infrastructure.

Adequate number of trained manpower for 
service delivery should be developed at all levels 
of the health-care system to achieve optimum 
screening coverage. Competency-based training 
for service providers at designated training cen-
ters should be ensured with proper resource per-
sons and training materials. Good-quality 
training with appropriate post-training follow-up 
should be ensured. Only certified providers 
should perform the tests. After training, the ser-
vice providers need to be supervised until they 
achieve a satisfactory level of competency. All 
test providers should receive a short refresher 
training, initially every year and later every alter-
nate year.
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14.2.2.4  Ensuring Management 
of the Screen-Positive 
Women

All screen-positive women should have adequate 
counseling, further evaluation, and treatment at 
appropriate facilities. In low-resource settings, 
equipment for evaluation and treatment (colpo-
scope, electrosurgical equipment, cryotherapy 
equipment, thermocoagulator) and trained exper-
tise (colposcopists, gynecologists) are less 
available. Therefore “screen-and-treat” and “see-
and-treat” strategy is being introduced as  
alternative approach of management. Women 
should have easy access to treatment services to 
ensure high compliance. In low-resource set-
tings, an approach requiring fewer visits should 
be adopted to achieve better compliance for the 
screen-positive cases. They can be managed dur-
ing the first visit with or without evaluation by 
colposcopy/histopathology report. However, 

selected cases need referral to the colposcopy 
clinics/higher-level health-care facilities (sec-
ondary/tertiary level) where further evaluation 
and management can be carried out.

14.2.2.5  Screen-and-Treat Protocol
The purpose of a “screen-and-treat protocol” is to 
link screening test to appropriate treatment of 
precancer with less adverse effects. However, 
women who are not eligible to receive treatment 
at the respective facility need referral to higher 
centers. WHO mentions cryotherapy as the pre-
ferred method of treatment in the “screen-and- 
treat” protocol. WHO algorithm for 
screen-and-treat strategy at the program level is 
shown in Fig.  14.9. Using this chart, program 
managers and decision-makers can determine the 
best option for screen and treat, in context to their 
country. Cryotherapy has fewer side effects and 
nurse/paramedics can perform the procedure at 

Do you have a screening program in place?

Do you have enough resources to provide an HPV test?

Yes, VIA No

No

No

Yes

Does the program
meet quality indicators
(e.g. training, coverage

and follow-up)?

Yes

HPV test
followed
by VIA

HPV test
alone

Do you have enough resources
to provide a sequence of tests

(i.e. HPV test followed
by another test)?

VIA
alone

Cryotherapy and/or LEEP must be part of a screening-and-treat program.

Cytology or HPV
test followed by

colposcopy

Yes, cytology followed by
colposcopy

No

Fig. 14.9 Decision-making flowchart for program managers [39]
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the lower level of the health-care system [39]. 
However, when women are not eligible for cryo-
therapy, loop electrosurgical excision procedure 
(LEEP) is the preferred method of treatment.

All HPV-positive women should be treated, 
and VIA should be used to determine eligibility 
for treatment with cryotherapy or LEEP [39]. A 
demonstration project on “prevention of cervical 
cancer through screening using VIA and treat-
ment with cryotherapy” involving seven sites in 
six African countries (Madagascar, Malawi, 
Nigeria, Uganda, United Republic of Tanzania, 
and Zambia), from 2005 to 2009, revealed that 
the “screen-and-treat” approach can be intro-
duced in the existing reproductive health services 
in low-resource countries. Screening for precan-
cerous lesions using VIA and treatment with 
cryotherapy were well accepted by women and 
have been incorporated into the cervical 
 cancer- prevention services in existing reproduc-
tive health services in these countries [45]. 
However, though cryotherapy is the primary 
treatment option for many countries, procuring 
the gas required for freezing is a significant 
obstacle. Low quality of carbon dioxide gas also 
damages equipment. To overcome the barriers, 
different low-resource countries are trying to 
adopt use of thermocoagulator to treat CIN. The 
Guatemalan government has taken steps to intro-
duce thermocoagulation, which needs only elec-
tricity [42]. Thermocoagulation is safe, simple, 
and an effective technique to treat selected CIN 
lesions of any grade, and it can be used in the 
single-visit “screen-and-treat” approach and 
“see-and-treat” approach in the management of 
CIN in the cervical cancer control program [46].

Sequential testing with VIA and VILI is the 
most feasible screening approach for cervical 
cancer screening for HIV-infected women in low- 
resource countries. When HPV testing becomes 
feasible and affordable, HPV testing followed by 
VIA/VILI may be considered [47].

14.2.2.6  See-and-Treat Protocol
In LMICs, where facilities are available, the 
screen-positive women can be further evaluated 
following “see-and-treat protocol,” and diseased 
cases can be treated during the same visit for bet-

ter compliance of treatment. Women with VIA-, 
HPV-, or Pap-positive report can have further 
evaluation using colposcopy through addition of 
a second visit at a higher referral system where 
colposcopy facilities are available. The women 
suspected to have high-grade CIN on colposcopy 
may be treated at the same visit without any his-
topathological confirmation of the disease. This 
strategy is called “see-and-treat” or also 
“colposcopy- and-treat” approach. The “see-and- 
treat” approach is convenient for the woman; it 
reduces her anxiety, it improves compliance to 
treatment, and it is cost-effective for the program. 
LEEP has been used as the treatment modality 
for such protocols. A population-based large ran-
domized screening trial in Osmanabad district in 
Maharashtra, India, was conducted during 2000–
2004. The study confirmed that a “see-and-treat” 
approach using cryotherapy by nurses is accept-
able to women, is safe, and ensures satisfactory 
participation of screen-positive women for diag-
nosis and treatment [48–50]. Another random-
ized trial in India has shown a significant 
reduction in cervical cancer mortality following a 
single round of screening with HPV testing or 
VIA screening [51].

In Bangladesh, the government has adopted 
“see-and-treat” approach combining VIA with 
colposcopy and LEEP since the year 2010 to 
improve compliance to treatment [52]. The pro-
gram is also using thermocoagulation in “see- 
and- treat” protocols in selected centers. Pooled 
data from five sites in Asia and South America 
for women treated for CIN with thermocoagula-
tion from 2010 to 2015, and followed up within 
6–12 months of treatment, showed cure after 
thermocoagulation treatment was 88% (475/543) 
for CIN 1, 83% (113/137) for CIN 2, and 83% 
(79/95) for CIN 3 lesions. No serious adverse 
effect or complications were observed through-
out the follow-up period. Thermocoagulation 
was effective, safe, and accepted in treatment of 
women diagnosed with CIN and can be used in 
the single-visit “screen-and-treat” approach or 
“see-and-treat” approach in management of CIN 
in the cervical cancer control program [46]. The 
major benefits are shorter treatment time, easy 
portability of the equipment to field, use of easily 
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available electricity than gas refills, is noiseless 
and produces less smoke, and there is no need for 
general anesthesia.

14.2.2.7  Posttreatment Follow-up
The treated women should receive posttreatment 
follow-up screening at 1 year to ensure effective-
ness of treatment [39]. Follow-up of treated 
patients can be continued at all levels of facilities 
by available methods. VIA, colposcopy, or HPV 
DNA test can be used during follow-up on an 
annual basis for 3 years. Women tested negative 
on three consecutive rounds should be returned to 
the routine screening protocol applicable to the 
normal population.

14.2.2.8  Record-Keeping and Data 
Management

Maintenance of records, storage of data related to 
various components of screening, and periodic 
reports are essential for an organized screening 
program. For population-based organized screen-
ing, countries need to develop an electronic data-
base for all women of target age. This database 
should include women’s basic information, screen-
ing, colposcopy, treatment, and follow-up records. 
The computerized database should be maintained 
at each screening center and all colposcopy cen-
ters. A mechanism to check the compliance of 
screen-positive women to colposcopy and/or treat-
ment should be established by the government.

14.2.2.9  Monitoring, Evaluation, 
and Quality Assurance

Reduction of CC incidence and death from the 
disease can be assessed by impact indicators. It 
can be obtained through a population-based can-
cer registry or organized health information sys-
tem. Outcome indicators should be monitored on 
a regular basis to identify gaps and to identify 
ways of improvement.

14.2.3  Overcoming Challenges 
for Cancer Screening Services 
in LMICs

The main challenges to improve CC screening 
services include:

• Lack of initiation of a demonstration /pilot 
program and scale-up of program

• Low level of community awareness on the 
importance of screening for this cancer

• Poor health system in low-resource settings 
with insufficient number of skilled manpower 
and inadequate treatment facilities when there 
is precancer or cancer diagnosis

• Lack of an effective health information system 
to facilitate referral and tracking of non- 
compliant women

• Lack of well-coordinated monitoring and 
evaluation plan, especially for data collection 
and management

14.2.3.1  Initiation of a Pilot Program 
and Scaling Up CC Screening 
Strategies in LMICs

A pilot program should be initiated by the gov-
ernment and can be supported by nonprofit or 
international organizations. An advocacy meet-
ing to initiate a pilot program should be orga-
nized by the government in countries where 
piloting has not been performed. The advocacy 
document should include focused country- 
specific messages and data on CC incidence and 
deaths. It should also clearly identify strategies 
and service delivery guidelines based on the 
country’s needs and priorities. Advocacy meet-
ings should focus on the elimination of policy 
barriers, allotment of adequate monetary, and 
human resources for the CC control program. 
Working with other government sectors and non-
governmental agencies, developing materials to 
increase public awareness on CC and its preven-
tion, mobilizing eligible women to utilize CC 
control services, and encouraging communities 
to assist women with cervical cancer are 
important.

Although pilot or demonstration programs have 
taken place in several LMICs, only a few countries 
have experienced scale-up of evidence- based 
screening strategies. These countries selected 
screening modalities recommended by the WHO 
to avoid budgetary constraints and other health 
system bottlenecks [42]. The gathered experience 
may help other countries plan for large-scale 
implementation. In Bangladesh scale- up efforts 
began in 2006. About 411 VIA centers are 
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 operational throughout the country, and 1,386,887 
VIA tests were performed from 2005 to 2016 at 
different service centers. Among them 65,247 
(4.7%) women were found VIA-positive. The cov-
erage of the screening tests is increasing every 
year. VIA+ve cases are referred to the colposcopy 
clinic of Bangabandhu Sheikh Mujib Medical 
University (BSMMU) and different medical col-
lege hospitals. In Bangladesh, LEEP acquired 
acceptability as a commonly used outpatient treat-
ment procedure for CIN under local anesthesia 
and thermocoagulation without local anesthesia.

In Central America, governments are imple-
menting HPV testing using a low-cost assay. HPV 
testing enables women to collect their own vagi-
nal samples in a variety of settings. Several com-
mon challenges remain for continued scale- up in 
these countries such as training and maintaining a 
manpower to carry out screening and treatment 
activities and monitoring and improving the qual-
ity of screening and treatment services to bring an 
impact on CC mortality rates. Governments must 
begin to move beyond pilot testing and opportu-
nistic efforts to implementing large-scale, popula-
tion-based approaches where possible.

14.2.3.2  Development of Organized 
CC Screening Program

In LMICs, a mass screening policy should be 
taken along with developing a population-based 
screening program. Low-resource countries 
should have an organized screening program, in 
which all eligible women would be systemati-
cally invited to have the screening test through 
extensive community mobilization.

The essential components of an organized 
screening program:

• A protocol and guideline that will clearly spell 
out the target population, frequency of screen-
ing, screening test, and management of screen- 
positive population.

• A definite plan for broad-based community 
mobilization to ensure high participation rate 
of the target population.

• Ensuring access to screening as well as detec-
tion services at the grassroot level so that a 
high coverage (at least 70% of the target popu-
lation) can be achieved.

• Linkage between screening and treatment to 
ensure that the positive cases detected through 
the program are treated appropriately.

• All categories of service providers should be 
trained and certified.

• A plan for supportive supervision and quality 
assurance should be inbuilt in the program.

14.2.3.3  Health Education 
and Awareness Creation

In low-resource countries, awareness programs 
conducted by NGOs and government are inade-
quate to increase awareness among women about 
CC and its risk factors. Awareness programs 
remain out of reach of target groups, because 
they live in villages and rural and urban slums. 
Programs conducted on special dates, like World 
Cancer Day, World Health Day, CC Awareness 
Day, etc., may create more awareness.

Health education and awareness are impor-
tant elements of a cervical cancer control pro-
gram, particularly in LMICs where education 
and health service-seeking attitude is low. 
Awareness should be created to develop service-
seeking behavior among the community. Health 
education should be delivered both at the com-
munity and health facilities. In many LMICs, 
the existing health infrastructure has manpower 
and volunteers to increase public awareness, 
and health education messages in such situa-
tions can be imparted through direct face-to-
face meetings. Health workers at community or 
primary health facilities are the first point of 
contact with the community, and this is particu-
larly true for LMICs where a large number of 
women do not have access to the electronic 
media, and the government has less allocation 
on these expensive media.

At health facilities, health education and coun-
seling can be given by trained service providers. 
Service providers can develop special skills on 
counseling techniques and should be well con-
versed with methods to ask and answer questions 
about CC screening in a well-informed, honest, 
and culturally sensitive way. Health educators 
need to realize that most precancerous lesions of 
the cervix and early cervical cancer do not have 
clinical symptoms. Thus, most women being 
tested need to be informed that the disease may 
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be silent for a long time without causing any 
problem, and the tests are for preventing CC and 
better treatment of the disease.

Flip charts should be developed for use by the 
health-care providers for counseling both at the 
screening center and in the community using 
their own language with consideration of cultural 
factors.

Posters in the local language aided by pic-
tures, diagrams, and charts should be used to 
propagate the messages. A broad-based media 
campaign utilizing print and electronic media 
will be used to improve the visibility of the pro-
gram and enhance participation rates.

Some basic principles and suggestions are 
listed below:

• Inform the community about the risk factors 
and common signs and symptoms of CC.

• Promote screening for women aged 30 to 60 
years.

• Reduce ignorance, fear, embarrassment, and 
stigma related to cancer.

• Inform the community of available services 
and where to get them.

• Involvement of community leaders is critical 
to gain support for the outreach efforts and for 
adequate allocation of local resources.

• Male partners and other community members 
must support women’s decisions to seek 
screening and to go for treatment when 
required.

• Multi-sectorial involvement of governmental 
and nongovernmental agencies is imperative 
for the success of this strategy.

14.2.3.4  Strengthening the Health 
Infrastructure

Patients are reluctant to attend the primary health- 
care centers in due time for many reasons. The 
main reasons are lack of awareness, poor knowl-
edge, bad communication and transport facility, 
financial constrain, etc. In many centers health- 
care professionals poorly follow the referral sys-
tem, mostly due to weak coordination with 
tertiary health-care center. Most of the South 
Asian countries and some countries of sub- 
Saharan Africa have insufficient number of 

pathologists, laboratories, colposcopists, and 
other health-care providers, which limits the ser-
vices. Poor resource allocation and suboptimal 
infrastructure also hinder screening programs.

Strengthening various services within the 
existing health infrastructure, ensuring supply 
and maintenance of equipment, and uninter-
rupted supply of consumables are important fac-
tors for success of the screening program in 
LMICs. Appropriate referral system for screen-
ing and management within the existing health 
system should be organized. Development of a 
strong screening implementation infrastructure is 
an essential component for success in LMICs. 
The number of trained manpower for CC screen-
ing, including community health workers and 
administrators, should be increased. Improvement 
of coverage is important for the success of the 
program. Policies should be reviewed from time 
to time to reduce obstacles to improving cover-
age. Outreach clinics and health camps should be 
arranged to improve coverage, particularly at 
hard-to-reach and/or low-performing areas.

14.2.3.5  Strengthening Record- 
Keeping and Data 
Management

For population-based organized screening, coun-
tries need to develop an electronic database for 
all women of target age. The computerized data-
base should be maintained at each screening cen-
ter and all colposcopy centers. A mechanism to 
check the compliance of screen-positive women 
to colposcopy and/or treatment should be estab-
lished by the government.

14.2.3.6  Strengthening Monitoring, 
Evaluation, and Quality 
Assurance

Reduction of CC incidence and death from the 
disease can be assessed by impact indicators. It 
can be obtained through a population-based can-
cer registry or organized health information sys-
tem. Outcome indicators should be monitored on 
a regular basis to identify gaps and to identify 
ways of improvement. Head of the respective 
health facilities, gynecology consultants, and 
program managers should be responsible for 
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implementation of services, coordination 
between various levels of service delivery, and 
quality assurance.

The indicators to be used for monitoring and 
quality assurance of the program, and how they 
will be monitored periodically, should be clearly 
defined. The performance indicatos are coverage 
of the target population, screening test positivity, 
compliance to treatment, and detection rate of 
CIN 2 or worse.

14.3  Conclusion

In order to improve screening programs for cervi-
cal cancer in low-resource countries, it is impera-
tive to increase access to accurate and timely 
information on CC, mobilize the community 
through a specific action plan, generate more 
trained human resources on priority basis, 
strengthen partnerships between stakeholders, 
mobilize resources for long-term continuity of 
the program, and establish a monitoring and eval-
uation framework.

Key Points
• CC can be prevented through implementing 

population-based organized CC screening 
program along with development of electronic 
data tracking for all women of target age 
group.

• HPV DNA test has proved more effective than 
other screening methods as it has a high nega-
tive predictive value.

• VIA is accepted as a method of screening in 
many countries with low-resource settings as 
it needs minimum infrastructure support and 
the results are available immediately.

• LMICs need to organize a stakeholders meet-
ing to choose a method of screening suitable 
for the country’s socioeconomic status wher-
ever necessary, followed by a demonstration 
program and gradual nationwide scale-up.

• All low-resource countries need to develop 
national CC control strategies focusing age of 
initiation of screening, mechanism of aware-
ness creation, method of screening, and mech-
anism of population coverage.

• All screen-positive cases should be treated 
following “screen-and-treat” strategy or “see- 
and- treat” strategy.

• Strengthening health infrastructure, ensuring 
supply and maintenance of equipment, and 
uninterrupted supply of consumables are 
important factors for CC screening program in 
LMICs.

• Strengthening monitoring, evaluation, and 
quality assurance and monitoring outcome 
indicators on a regular basis to identify gaps 
are important factors to reduce CC death.

• Multi-sectorial involvement of governmental 
and nongovernmental agencies is imperative 
for the success of this strategy.
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Ablative Methods for Treatment 
of Intraepithelial Lesions
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15.1  Introduction

Intraepithelial neoplasia is the development of 
dysplasia in an epithelium. It is distinct from can-
cer but has the potential to evolve into the latter. 
Because these are premalignant lesions, treat-
ment is usually indicated. Lower genital tract 
(cervix, vulva, vagina) neoplasias (intraepithelial 
and invasive) are associated with human papil-
loma virus (HPV) infection. Among these three 
genital areas, cervical intraepithelial neoplasia 
(CIN) is the most common but fortunately least 
difficult to cure. Vulvar intraepithelial neoplasia 
(VIN), on the other hand, is often multifocal and 
much more difficult to treat. Vaginal intraepithe-
lial neoplasia (VAIN) is least common among the 
three sites and usually coexists with 
CIN.  Treatment modalities for intraepithelial 
neoplasias can be excisional or ablative (destruc-
tive). In this chapter, various ablative procedures 
that are used for treatment of intraepithelial 
lesions of the cervix, vulva, and vagina are 
discussed.

15.1.1  Cervical Intraepithelial 
Neoplasia

Incidence of invasive cervical cancer and mor-
tality from it has decreased over the past 
decades due to widespread use of cytology-
based screening programs and HPV testing. 
Women with abnormal screening results are 
referred for colposcopy and directed biopsies 
for confirmation of histological diagnosis. 
Based on the degree of cellular and epithelial 
abnormalities, lesions are graded as CIN 1, 2, 
or 3. CIN 1 lesions are generally manifestation 
of HPV infection and are spontaneously cleared 
by the innate immune system within 1–2 years. 
Hence, surveillance rather than active treatment 
of CIN 1 lesions is appropriate. CIN 3 lesions 
have high chances of progression to invasive 
cancer as neoplastic changes are present 
throughout the full thickness of the epithelium. 
CIN 2 lesions have an intermediate biological 
behavior between CIN 1 and 3, with up to 40% 
regressing spontaneously over long follow-up. 
Thus, the cornerstone of cervical cancer pre-
vention is detection and treatment of CIN 2 and 
CIN 3 lesions.

CIN should be considered as a morphological 
manifestation of persisting HPV infection in the 
epithelial cells. Invasive cancer is related to accu-
mulation of increasing mutational burden, longer 
duration of infection, and multiple other permis-
sive cofactors. CIN can extend into the cervical 
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stromal glands, and so their treatment requires to 
extend below the epithelial surface. Morphometric 
studies guide the clinicians in the appropriate 
method of treatment.

Anderson et  al. examined 343 women who 
had undergone conization for CIN and found that 
the mean depth of glands containing CIN was 
1.24 mm from the surface, with the deepest gland 
involvement extending up to 5.22 mm [1]. Abdul- 
Karim et al. found that there is a direct relation-
ship between lesion grade and the vertical and 
horizontal extent of the lesion. In 319 conization 
specimens, they reported the mean depth of CIN 
1, CIN 2, and CIN 3 was 0.42 mm, 0.93 mm, and 
1.35 mm, respectively, and the mean linear extent 
was 4.10  mm, 5.84  mm, and 7.60  mm, respec-
tively. So the authors recommended a treatment 
depth of 4.8 mm to eradicate 99.7% of high-grade 
lesions [2] (Fig. 15.1).

The conclusion from these studies has the fol-
lowing important clinical applications for the 
practitioners:

• Given that CIN 3 lesions are located within 
4.8  mm of the surface of the cervix and the 
deepest gland containing CIN 3 is 5.2  mm 
from surface, a treatment depth of 6–7  mm 
below the epithelium will be successful in 
majority of patients with satisfactory colpos-
copy [1, 2].

• The aim of ablative therapy should be to 
destroy full thickness of the abnormal epithe-

lium including glandular crypts up to a depth 
of 5–7 mm, as CIN has a tendency to extend 
into glandular crypts.

The prerequisites for ablative therapy include:

• The entire transformation zone can be 
visualized.

• Lesion is fully visualized.
• There is no suggestion of microinvasive or 

invasive disease.
• There is no suspicion of glandular disease.
• Cytology and histology are concordant.

Ablative methods are not recommended in the 
following situations:

• In cases of recurrence of CIN.
• Endocervical sampling shows CIN/lesion 

extending into endocervical canal.
• Cytology or colposcopy suggests cancer.
• Histology is CIN 2 or CIN 3 and colposcopy is 

inadequate.

When the patient is not a candidate for abla-
tive treatments, excisional therapies like LEEP 
(loop electrosurgical excision procedure) or con-
ization may be used. In addition, if there is recur-
rence of CIN after ablation, excision may be 
preferred over repeated ablation procedures. 
Randomized trials comparing LEEP, conization, 
and cryotherapy have shown similar efficacy, 
ranging from 90% to 95% [3–5]. Whatever the 
treatment chosen, the entire transformation zone 
must be treated.

Several techniques for ablation are available, 
like cryotherapy, laser ablation, and thermocoag-
ulation. Each of these techniques has its own 
advantages and disadvantages. Selection of 
appropriate treatment depends on various factors 
like operator’s experience, available equipment, 
and location and size of lesion. The ideal time to 
do any ablative procedure is post-menstrual 
phase of the menstrual cycle.

Disadvantages and adverse effects of ablative 
procedures include non-availability of tissue 
specimen for histology, bleeding, infection, scar-
ring, and cervical stenosis.

6-7mm

Transformation zone

Fig. 15.1 Schematic presentation of cervical glands
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15.2  Types of Ablative Procedures

15.2.1  Cryotherapy

Cryotherapy is an old technique and was intro-
duced in the late 1960s to treat CIN. Thousands 
of patients have been treated by this method 
worldwide, and it still remains popular as it is 
easy to perform in outpatient setting and causes 
minimal discomfort. It is an appropriate tech-
nique for use in low-resource settings as it does 
not require electricity, instruments are not expen-
sive, and procedure is technically simple. A 
recent WHO report called cervical precancer 
screening using visual inspection with acetic acid 
(VIA) and cryotherapy a “best buy” for the con-
trol of noncommunicable diseases [6].

During cryotherapy, the lesion is cooled to 
extremely low temperature using a cryoprobe. 
Cellular destruction is by intracellular crystalli-
zation of water and through rapid freeze-thaw 
cycles. Cryotherapy typically generates an ice 
ball that is 5–7 mm deep, which is sufficient for 
treatment, given the morphometric data enumer-
ated above [7].

The size of the cryoprobe and lateral spread of 
the freeze zone determines the area of destruction 
of the transformation zone. For example, if the 
freeze zone extends 5 mm beyond the probe, then 
it ensures 5 mm depth of freeze [8]. Two methods 
are used to cool the cryoprobe:

• When a compressed gas is expanded by pass-
ing through a nozzle, it causes cooling by the 
Joule-Thomson effect.

• Use of cryogenic liquids such as liquid 
nitrogen.

The cryogenic liquid-based procedure is asso-
ciated with several problems like damage to sur-
rounding tissue and problem of delivery, storage, 
and handling of liquid nitrogen. Hence, com-
pressed gas-based cryosurgical equipment is rec-
ommended for treatment of CIN. The gas passes 
through the cryoprobe and causes ice formation 
on the probe tip and the tissue surface in contact. 
A temperature of less than −20  °C to −30  °C 
should be reached for tissue destruction.

The most widely used compressed gasses for 
the procedure are carbon dioxide (CO2) and 
nitrous oxide (N2O), and temperatures of −60 °C 
and −90 °C, respectively, can be reached. Most 
equipment manufacturers offer the option of 
using either of the two gasses. The choice of gas 
does not alter the success rate of treatment, 
although few studies like Mariategui et al. [9] and 
Cremer et  al. [10] have shown that CO2 causes 
1 mm shallower depth of necrosis as compared to 
N2O. However, CO2 is more widely available and 
lower in cost and hence most widely used.

The cervix heals by reepithelialization, which 
occurs in most patients by 6 weeks and in all 
patients by 3 months. There may also be activa-
tion of local mucosal immunity after cryotherapy, 
with an increase in IgA, contributing to clearance 
of HPV infection [11].

Cryotherapy is an appropriate treatment for 
CIN if the following conditions are met:

• Entire squamocolumnar junction is 
visualized.

• Entire lesion is visible.
• Lesion is confined to the ectocervix.
• Lesion involves <75% area of the cervix.
• Lesion does not extend >2 mm beyond the tip 

of cryotherapy probe.
• There is no suspicion of invasive lesion.

15.2.1.1  Procedure
The equipment consists of a hand held unit with 
a shaft to which detachable probe tips can be 
attached. A hose assembly connects the hand unit 
to a connector/pressure gauge assembly and a 
high-pressure gas cylinder. The tips of the cryo-
probes are round in shape and approximately 
20 mm in diameter. They are detachable and can 
be sterilized/autoclaved. The surface of the cryo-
probe tip that contacts the tissue is either flat or 
with a nipple-shaped cone extrusion. This extru-
sion of probe tip should not be more than 5 mm, 
as longer tips can lead to higher incidence of cer-
vical stenosis (Figs. 15.2 and 15.3).

There is no requirement of anesthesia, and an 
analgesic may be used as needed. After placing 
the patient in lithotomy position, the lesion is 
identified after applying acetic acid and Lugol’s 
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iodine. Appropriate size probe is selected, and a 
thin film of lubricant jelly is applied. This 
removes any “air gaps” and improves thermal 
contact of the probe with the surface of the cer-
vix. The probe tip is applied in the center of os, 
taking care to ensure that the probe adequately 
covers the lesion and the vaginal walls are not in 
contact so as to avoid injury to the vagina 
(Fig. 15.4). The gas trigger of the gun is released 

to cool the probe. Pressure gauge attached to the 
cylinder is a visual indicator of the pressure in 
tank and should be in green zone at the time of 
procedure for adequate ice formation. The appro-
priate pressure should be above 40  kg/cm2 to 
achieve satisfactory results. The time taken for 
ice ball formation is approximately 1.5–2 min. If 
4–5 mm ice ball is not formed within this time, 
equipment is probably malfunctioning. When the 
frozen area extends 4–5 mm beyond the edge of 
the cryoprobe, freezing is adequate (Fig. 15.5).

Cryotherapy can be done using single-freeze 
technique or double-freeze technique. Various 

Cryoshaft

Cryotip

Trigger

Hose assembly

Compressed gas
cylinder

Compressed gas
cylinder valve

Connector to the
cryosystem

Pressure gauge
Exhaust port

Pressure
release valve

Fig. 15.2 Cryotherapy 
apparatus including the 
cryoprobe attached to 
pressure gauge assembly 
and gas cylinder

Fig. 15.3 Cryotherapy gun and different size probes

Cryoprobe

Fig. 15.4 Diagram depicting the correct way of cryo-
probe application on cervical os
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studies have shown that double-freeze technique 
gives better results than single-freeze technique 
[12, 13]. In the former technique, a 3 min freez-
ing cycle is followed by 5 min thawing, followed 
by further 3  min of freezing. Once the second 
freezing cycle is complete, time is allowed for 
thawing before removing the probe. The frozen 
area appears white (Fig. 15.6a, b).

Patients usually experience some lower 
abdominal cramps or minor bleeding during the 
procedure which subsides afterwards. During the 
2 weeks post-procedure, many will have profuse 
watery discharge that may even require wearing a 
pad. Some will have light spotting, especially 
12–15 days after the procedure. Although infec-
tions following cryotherapy are rare, especially if 
there was no evidence of infection prior to the 

procedure, the patient is informed of possible 
complications like high-grade fever, severe 
abdominal pain, foul-smelling discharge, or 
heavy vaginal bleeding. Instructions are also 
given regarding self-hygiene and abstinence for 4 
weeks.

Follow-up visit is done at 4–6 weeks after pro-
cedure to check for healing. Long-term compli-
cations of cryotherapy are minimal, most 
common being cervical stenosis seen in 1–4% of 
patients.

15.2.1.2  Results
CIN lesions have been divided as small lesion 
(<25% area covered, 1 quadrant), moderate 
lesion (25–75% area covered, 2 quadrants), and 
large lesion (>75% area covered, >2 quadrants). 
At 1 year post cryotherapy, recurrence rate has 
been found to be maximum in women with large 
lesions. Recurrence rate of all grades of CIN in 
women with a small lesion is 6% (from 5 to 7%), 
with a moderate size lesion is 7% (from 6 to 8%), 
and with large lesion is 18% (from 13 to 23%) 
[8]. According to a meta-analysis done by 
Sauvaget, including 77 studies, cryotherapy 
achieved cure rates of approximately 94%, 92%, 
and 85% for CIN 1, CIN 2, and CIN 3, respec-
tively [14]. The complications were very few and 
minor, which included local infection (<5% of 
patients), cervical stenosis (<1%), severe pain 
abdomen (<1%), and rarely obstetric complica-
tions. The main adverse effect was watery  vaginal Fig. 15.5 Ice ball formation during cryotherapy

a b

Fig. 15.6 (a) Colposcopic image of cervical lesion, before cryotherapy. (b) Colposcopic image of cervical lesion, after 
cryotherapy
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discharge. The effectiveness of all treatment 
modalities like cryotherapy, cold knife or laser 
conization and LEEP were comparable. They 
concluded that cryotherapy is an effective, 
acceptable, and safe outpatient treatment for CIN 
and the cure rates are further increased by use of 
double-freeze method and absence of endocervi-
cal disease.

The advantages and disadvantages of the vari-
ous treatment modalities for CIN including cryo-
therapy, LEEP, and cold knife conization were 
compared by Santesso et al. They suggested that 
recurrence of CIN 2 and CIN 3 is probably 
reduced with LEEP, although there are lesser 
complications with cryotherapy [15]. Due to its 
safety profile and ease of use, cryotherapy has 
been used successfully for “see-and-treat policy” 
for cervical cancer prevention worldwide 
[16–18].

WHO cancer prevention guidelines recom-
mend use of cryotherapy over no treatment for 
women who have histologically confirmed CIN 
2+ disease [19]. According to a 2010 Cochrane 
review, cryotherapy was as effective and accept-
able as other ablative and excisional techniques 
for treatment of CIN [3].

New cryotherapy devices are being developed 
which are easy to transport and do not rely on 
large tanks of gas. A new device called CryoPen, 
which uses battery for cooling, does not require 
gas or liquids, is more portable, and can be used 
in peripheral areas, is being evaluated 
(ClinicalTrials.gov identifier: NCT03084081). 
Another device called CryoPop is also under 
evaluation (ClinicalTrials.gov identifier: 
NCT02367625). Although it uses gas for cooling, 
it is not tethered to gas cylinder during the proce-
dure. It is also more durable and less costly [20].

15.2.2  Thermal Coagulation

Thermal coagulation or cold coagulation, as it 
was called earlier, was developed by Kurt Semm 
in 1966. Though it has been used in the UK for 
several decades, it is not very popular worldwide. 
Because of this infrequent use, it was also not 
included in the recent updated WHO guidelines 

for screening and treatment of precancerous 
lesions. However, it is a useful tool in the man-
agement of ectocervical CIN and can be inte-
grated into the cervical cancer prevention 
program, especially in low- and middle-income 
countries.

It utilizes electricity to heat a thermoprobe to 
temperatures of 100–120  °C.  The treatment is 
based on contact thermal heating to destroy cells 
by heat-induced coagulation; no current flows 
through the patient.

The eligibility criteria for thermal coagulation 
are same as cryotherapy: lesion should be fully 
visible and involve ≤ three quadrants of the trans-
formation zone with no evidence of invasive can-
cer. It should be of the size so that it can be 
completely covered by the probe.

The main advantages of this procedure are:

• Procedure is rapid and easy to learn.
• Instrument is small, portable, and with mini-

mum infrastructure requirement.
• Self-sterilizing by heating.
• Adequate treatment depth (4–7 mm).
• No tissue scarring and low bleeding
• Low rates of watery discharge.
• Low pain scores and quick healing.

15.2.2.1  Procedure
The apparatus consists of a control unit and auto-
clavable instrument cable and therapy probes of 
various sizes. These probes are made of stainless 
steel and are coated with Teflon to provide an 
anti-stick surface (Figs. 15.7 and 15.8). There is a 
thermocouple inside the probe to regulate the 
probe temperature. The patient is placed in lithot-
omy position, and the lesion is identified using 
colposcope or visual inspection with acetic acid. 
The cervix may be infiltrated with local anesthe-
sia if required. The probe is heated to temperature 
of 100 °C and applied on the lesion for a mini-
mum of 20 s. There can be minimum of two and 
maximum of four applications in order to cover 
the transformation zone adequately.

After the procedure hemostasis is confirmed 
and any thermal burns to the vagina are ruled out, 
the probe is decontaminated with alcohol and 
heated to 100 °C for sterilization before reuse.
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Patients are advised regarding self-hygiene 
and to avoid douching and use of tampons for 1 
month. They are advised to report in case of 
severe pain or cramps, heavy vaginal bleeding, 
foul-smelling discharge, and/or fever for more 
than 2 days. Follow-up is done at 4 weeks and 
then at 6 months.

15.2.2.2  Results
Dolman et al. published their meta-analysis of 
13 studies (4569 patients with CIN 1 to CIN 3) 
on efficacy of cold coagulation in treatment of 
CIN [21]. They reported cure rates of 96% and 
95% for CIN 1 and CIN 2 and 3, respectively. 
There were no major complications including 
any obstetric complications. A recent retro-
spective analysis compared the effectiveness 
of thermal coagulation and large loop excision 
of transformation zone (LLETZ) in the treat-
ment of CIN 2 and CIN 3. They found similar 
efficacy in both the groups at 12-month fol-
low-up [22]. Naud et  al. reported that in a 
group of 52 women, 84% with CIN 2 and 3 
lesions were cured using thermal coagulation, 
without any serious adverse effects or compli-
cations [23].

At present, newer versions of the device which 
are portable, battery powered, and handheld are 
being developed and evaluated. These will be 
able to treat approximately 20–30 women per 
battery life (Liger Thermal coagulator; 
ClinicalTrials.gov identifier: NCT02956239).

15.2.3  Laser Vaporization

Laser vaporization or ablation is a very effective 
tool for CIN lesions that extend onto the vagina 
as it can be tailored to the lesion and has excellent 
depth control. Of the various lasers available, 
CO2 laser has limited depth of penetration (0.1–
0.5  mm) and lateral thermal damage (0.5  mm) 
and is very safe for use. It can be used for both 
vaporization and excision by changing the power 
density.

The major advantages of CO2 laser treatment 
of CIN are:

• Clinical efficacy is high.
• High precision with minimal damage to nor-

mal tissue.
• Good healing and less scar formation.
• Minimal complications.
• Outpatient procedure.
• Ablative procedure of choice if lesion extends 

onto the vagina.

Fig. 15.7 Thermal coagulation machine. Courtesy of 
WISAP Medical Technology

Fig. 15.8 Thermoprobes of various sizes. Courtesy of 
WISAP Medical Technology
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15.2.3.1  Procedure
The procedure is performed on outpatient basis 
and does not require general or regional anesthe-
sia. Local anesthesia in form of 1% lidocaine can 
be used as intracervical injection. The patient is 
placed in dorsal lithotomy position, and an ade-
quate size bivalve speculum is inserted. A suc-
tion line with laser filter is attached to the 
speculum. This is required to maintain clear 
view of the operative field. A laser-mounted col-
poscope is used. The lesion is defined using ace-
tic acid. Power setting of 30–40 W and spot size 
of 1.5–2 mm are generally used. Tissue destruc-
tion occurs mainly by vaporization, with the 
degree of tissue destruction dependent on power, 
spot size, and duration of the laser beam. The 
margins of the transformation zone are circum-
ferentially outlined with a 3–5  mm margin 
around the lesion. The craters are connected and 
the cervix is divided into four quadrants. 
Beginning in the lower quadrants and using a 
circular pattern, vaporization is carried to depth 
of 7 mm (Fig. 15.9). The depth can be measured 
with a calibrated measuring device. The endo-
cervical button is spared to ensure patency of the 
endocervical canal. The treatment causes minor 

discomfort in form of uterine cramps. Bleeding 
is not usually encountered and if occurs can be 
managed by using wet cotton swab as 
tamponade.

Postoperative follow-up is done at 2 and 4 
weeks. Coitus is avoided for at least 4 weeks. 
Patient is asked to report in case of high fever or 
heavy bleeding during menstrual cycle.

15.2.3.2  Results
Baggish and Dorsey [24] reported a series of 
more than 4000 cases of CIN treated with laser 
with overall success rate between 96% and 97%. 
Persad and colleagues reported 1126 patients 
with CIN treated over 13 years by laser with no 
evidence of recurrence or persistence in 92% 
cases [25].

There are few complications of laser ablation 
procedure. Cervical stenosis has been seen in 
1.3% of cases and major bleeding in less than 1% 
of cases [26].

The disadvantages of laser ablation include 
increased procedure time; expense of the laser 
unit, including its maintenance; increased time to 
acquire operative skills; and increased patient 
discomfort and bleeding complications.

Fig. 15.9 Use of laser on cervical lesion. The margins of 
the transformation zone are marked. The craters are con-
nected and the cervix is divided into four quadrants. 

Ablation is started from the lower quadrant and then 
extended to all
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15.2.4  Electrocoagulation

Electrocautery has been used for many years to 
eradicate CIN. Historically it was used to destroy 
the “abnormal” epithelium found on the cervix 
after delivery. This technique uses a straight elec-
trodiathermy needle to destroy the tissue.

15.2.4.1  Procedure
The patient is placed in lithotomy position, and 
an abnormal area of cervix is visualized using 
colposcope or visual inspection with acetic acid. 
Since this is a painful procedure, to achieve an 
adequate ablation depth of 5 mm and cover the 
entire transformation zone, anesthesia (general/
regional) is required.

There are no major side effects. Postoperative 
pain is managed with analgesics. Dilatation and 
curettage may be done in the same sitting to pre-
vent cervical stenosis.

15.2.4.2  Results
Chanen and Rome [27] reported their 15 years of 
experience with the use of electrocautery for 
treatment of CIN.  They recommend doing the 
procedure in the operating room under anesthe-
sia, so that adequate depth of cervical tissue can 
be burned. They reported a success rate of 97.3% 
with single diathermy treatment.

15.2.5  Photodynamic Therapy

Photodynamic therapy (PDT) is a conservative 
treatment modality using a photosensitizer and 
irradiation with laser or light energy at a low 
intensity which enables selective destruction of 
cancerous or dysplastic cells while preserving the 
uterus. PDT does not cause any cervical stenosis 
or scarring, which is a major advantage for man-
agement of CIN in young patients, where fertility 
needs to be preserved.

15.2.5.1  Procedure
Prior to PDT procedure, a definitive colposcopic 
and histopathologic diagnosis must be made. PDT 
can be used for type I and type II lesions based on 
colposcopy. PDT of type III lesions is contraindi-

cated since laser irradiation of the lesion will be 
without visual control. Blood biochemistries 
including hepatic function should be tested, since 
the photosensitizer drugs are excreted via the bili-
ary tract. The first-generation photosensitizers 
were administered systemically (e.g., Photofrin) 
and had significant side effects [28]. 
5-Aminolevulinic acid (5-ALA), a substrate from 
heme cycle, was used as a local application, but it 
led to accumulation of photoactive porphyrins in 
the cervical epithelium [29]. Other salts like hexyl 
aminolevulinate (HAL) and methyl aminolevu-
linate (MAL), which are derivatives of 5-ALA, 
have also been used as local photosensitizers [30].

The freshly prepared drug solution is applied 
to the cervix using a cervical cap, 12 hours before 
the PDT. The procedure is done under general or 
regional anesthesia, under colposcopic guidance. 
The patient is placed in lithotomy position. After 
visualization of the lesion, laser emission at an 
energy density of 100  J/cm2 per spot is per-
formed. For the endocervix, a specialized laser 
probe, called the cervical probe, is used.

Post procedure, patient may have plenty of 
mucoid discharge. If an intravenous photosensi-
tizer is used, it leads to cutaneous photosensitiv-
ity, and patients must avoid direct sunlight and 
bright indoor light for at least 6 weeks. Patients 
need to be followed up monthly for any side 
effects and photosensitivity. Healing usually 
takes place in 6 months.

15.2.5.2  Results
Various studies have shown response rates 
between 33% and 90% [31, 32]. These authors 
used PDT as an alternative to LEEP/conization 
for CIN. However, photosensitivity was a major 
side effect, and obstetric outcomes were not fol-
lowed. Moreover, colposcopy-directed punch 
biopsy without LEEP/cone in high-grade CIN 
has a possibility to miss microinvasive cancer.

Currently, the possible use of PDT in manage-
ment of CIN is in margin positive cases or recur-
rence after LEEP/cone. In these situations, 
repeating LEEP/cone or hysterectomy will com-
promise their fertility. Hence, PDT offers a 
potential alternative for effective conservative 
treatment of CIN [33].
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15.3  Special Situations

HIV-positive females: Progression to cancer and 
recurrent disease is more common in women who 
are HIV positive. Though recurrence of disease is 
high despite treatment, it should still be undertaken 
as it can effectively interrupt progression to invasive 
cancer [34]. When two screening tests (co-test) are 
normal, the woman can return to annual screening.

Pregnant females: A pregnant woman with CIN 
1 does not require any treatment and can be kept 
on follow-up. Most of these lesions will regress in 
the postpartum period. Cytology and colposcopy 
should be repeated after 6 weeks in the postpartum 
period. If the histology during pregnancy is high 
grade with exclusion of invasive disease, cytology 
and colposcopy are to be done every 12 weeks. 
There is no role of any ablative therapy during 
pregnancy. Reevaluation at 6 weeks postpartum is 
to be done in all cases. Treatment of CIN should 
not be commenced during pregnancy unless there 
is suspicion of invasive disease as various modali-
ties of management can lead to preterm delivery 
and even fetal loss [35].

15.4  Posttreatment Monitoring

Long-term surveillance is required for women 
who have been treated for dysplasia. Most cases 
of recurrent or persistent CIN are found within 
the first 2 years of treatment, though data has 
shown cancer developing even 20 years after 
treatment [36].

Co-testing at 1 and 2 years is recommended 
for women who have been treated for CIN2/
CIN3. If both co-tests are negative, then retesting 
is recommended after 3 years. If any test is abnor-
mal, then colposcopy and endocervical sampling 
is to be done. Routine screening in these women 
has to continue for at least the next 20 years [37].

15.5  Which Ablative Method Is 
Better?

Cryotherapy is reliable, easy to use, and cost- 
effective. Its major disadvantage is that there is 
no tissue for histopathology. Though in laser 

vaporization, also there is lack of tissue specimen 
but with laser the treatment can be tailored to the 
size of the lesion. The disadvantages of laser are 
that it is expensive, moderate training is required 
to operate it, and it can cause burns or eye injuries 
[38]. There is no statistical significant difference 
in cure rates between cryotherapy and laser treat-
ment [39].

Meta-analysis of four trials assessing 73, 289, 
and 205 women with CIN 1, CIN 2, and CIN 3, 
respectively, showed no statistically significant 
differences between cure rates and risk of resid-
ual disease in laser ablation and cryotherapy. The 
side effects of both the treatment modalities with 
respect to pain, vaginal bleeding, or cervical ste-
nosis were also comparable. However, there were 
significantly fewer vasomotor symptoms and 
vaginal discharge or inadequate colposcopy with 
laser ablation [38].

15.6  Vulvar Intraepithelial 
Neoplasia

Vulvar intraepithelial neoplasia (VIN) is consid-
ered a precursor to invasive vulvar cancer. It is 
often multifocal, with a high risk of recurrence. 
Colposcopy of the vulva and directed biopsy are 
particularly helpful in confirming the diagnosis. 
VIN is now classified into two types, “usual 
VIN,” associated with HPV infection, and “dif-
ferentiated VIN,” usually seen in older women 
with lichen sclerosus or squamous cell hyperpla-
sia. The International Society for the Study of 
Vulvovaginal Diseases (ISSVD) recommends the 
terms low-grade squamous intraepithelial lesion 
of the vulva (vulvar LSIL) and high-grade squa-
mous intraepithelial lesion of the vulva (vulvar 
HSIL) for histopathologic diagnoses of produc-
tive HPV infections. The “usual-type VIN” is 
now classified as vulvar HSIL, and “differenti-
ated VIN” remains the same. Also, lesions classi-
fied as VIN 1 earlier are now classified as LSIL 
according to the current 2015 ISSVD classifica-
tion system.

Treatment of VIN needs to be individualized 
depending on patient’s age, symptoms, distribu-
tion and size of lesions, malignant potential, psy-
chological issues, and recurrence rates. Treatment 
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is recommended for all women with vulvar HSIL 
(usual VIN). As there is risk of occult invasion, 
wide local excision is preferred. However, if 
occult invasion is not a concern, laser ablation or 
topical imiquimod can be used.

Treatment options for low-grade VIN are:

 1. Close observation: VIN 1 lesions are associ-
ated with HPV infection and may regress 
spontaneously, especially in women <40 years 
of age. They can be observed closely, and 
therapy may be done in persistent lesions.

 2. Cryocautery: This is used for vulval warts and 
low-grade vulval lesions. These lesions are 
destroyed by cytolysis using liquid nitrogen 
applied directly to the lesion using a cotton- 
tipped applicator. Metal probes or cryotwee-
zers can also be used. This procedure does not 
require anesthesia and can be done easily on 
an outpatient basis. Healing takes place in 2–4 
weeks, and there are few side effects.

 3. Electrocautery: Monopolar electrocautery can 
be used to ablate vulvar lesion. As it is painful, 
local/regional or even general anesthesia may 
be required. It is difficult to use in cases with 
extensive and/or multiple lesions. It causes 
scarring, sometimes extensive, because of 
damage to surrounding tissues. Electrocautery 
used to be the mainstay of treatment previ-
ously but is not commonly used now.

 4. Tri- or bi-chloroacetic acid (TCA or BCA) 
topical application: This chemical is used 
commonly for treatment of vulvar warts. 
Before application, the surrounding normal 
epithelium is coated with a protective sub-
stance like 5% lidocaine gel. The TCA/BCA 
solution is then applied to the warts with a 
cotton-tipped applicator. It is tolerated well 
except local burning for few minutes. The pro-
cedure may be repeated weekly until all warts 
are gone.

 5. 5-Fluorouracil (5-FU): This has been used for 
local application in VIN. However, it causes 
severe pain and has high recurrence rate.

 6. Laser vaporization: Laser uses high-intensity 
beam to burn the lesion. As it is an expensive 
method, it is rarely used as the first-line ther-
apy for vulval warts.

Treatment options for high-grade VIN are:

 1. Topical imiquimod cream: Application of 5% 
imiquimod topically has found to be effective 
in vulvar HSIL.  It is an immune response 
modulator and acts locally to cause cytolysis. 
It should be applied three times a week to the 
affected area for 12–20 weeks. It can be 
applied by the patient herself. It causes ery-
thema and local pain. If severe, then treatment 
needs to be discontinued [40]. Repeated col-
poscopy examinations are done to assess the 
response. Residual lesions will require exci-
sion. This drug has not been approved yet by 
US Food and Drug Administration for this 
indication.

 2. Laser vaporization: CO2 laser ablation can be 
used for the treatment of vulvar HSIL (VIN 
usual type), when cancer is not suspected. It 
can be used for single, multifocal, or confluent 
lesions, although the risk of recurrence may 
be higher compared to excision for multifocal 
disease. Procedure is done under colposcopy 
guidance after adequate biopsy. Local or gen-
eral anesthesia is required, depending on 
lesion extent. A micromanipulator or a hand-
piece with a depth gauge should be used. 
Appropriate power density of 600–1000  W/
cm2 is required to avoid coagulation injury; 
too deep wound can result in long-term ulcers. 
The lesion is outlined with the laser and the 
area inside is then ablated. A small margin 
(0.5–1 cm) of normal-appearing skin adjacent 
to the lesion should also be treated. For opti-
mal treatment, full thickness destruction of 
the epithelium is required. Care must be taken 
to ablate hair follicles in hair-bearing areas as 
the disease can extend into the subcutaneous 
fat for 3 mm or more. In the non-hair-bearing 
areas, ablation should extend through the der-
mis up to 2 mm.

Reid [41] had defined surgical planes in the 
vulva to guide laser therapy. The first plane is 
the surface epithelium only, including the base-
ment membrane. The second plane involves the 
dermal papillae, where both the epidermis and 
papillary dermis are treated. The third plane 
involves the upper and mid- reticular area 
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where the pilosebaceous glands are located. 
The fourth surgical plane involves complete 
removal of the skin up to the underlying sub-
dermal fat (Fig.  15.10). Destruction up to 
depth of plane one to two is needed for non-
hair-bearing areas, and destruction to third 
plane is adequate for hair-bearing areas. If the 
fourth plane is reached, healing is slow and 
skin grafting may be required.

Postoperatively, patient is advised regard-
ing local hygiene and sitz baths. Antibacterial 
ointment/cream is applied locally and oral 
analgesics are given. If a large area is ablated, 
Foley’s catheter may be required for few days. 
Most common side effects are pain, bleeding, 
and infection. Rapid healing usually occurs 
because of relatively little residual thermal 
damage. One of the greatest benefits of vulval 
laser surgery, in comparison with skinning 
vulvectomy, is that vulvar anatomy, particu-
larly the labia minora and clitoris, are 
maintained.

As compared to excision, recurrence is 
more common with laser ablation. Leufflen 
et al. achieved disease-free rates of 65% with 
laser and 91% with excision, at 1 year. At 5 
years, the rate was the same for excision group 
but dropped to 51% for the laser group [42].

 3. CUSA (cavitational ultrasonic surgical aspira-
tor): CUSA has been used for the treatment of 
VIN, especially in multifocal lesions, in non- 

hair bearing vulvar skin. The depth of 
 destruction can be more easily controlled than 
with laser. Ultrasonic sound waves cause the 
slender tip of the CUSA probe to vibrate at 
approximately 23 kHz. The probe shatters any 
section of the lesion that it touches, and the 
fragments are flushed out. The procedure is 
done under anesthesia. Healing takes place in 
4–6 weeks and cosmesis is good. Postoperative 
care is similar to that described for laser abla-
tion above. Miller treated 37 patients of VIN 
with CUSA and followed them for an average 
of 33 months. Thirty-five percent of patients 
developed recurrence in 16 months. 
Recurrences were significantly more if VIN 
involved hair-bearing areas [43].

 4. Photodynamic therapy: PDT has advantage of 
preserving the normal anatomy and sexual 
function with equivalent therapeutic efficacy 
[44].

 5. Wide local excision or skinning/simple vul-
vectomy: These procedures can cause disfig-
urement and are not recommended routinely. 
They are to be used when risk of invasion is 
very high or when there is recurrence of VIN 
which cannot be treated by other procedures.

Lifetime follow-up is required for these 
patients due to high risk of recurrence. 
Recurrences are more common after ablative pro-
cedure and less in surgically treated patients. 

Epidermis

Papillary dermis

Reticular dermis

Fat

Hair follicle

Third plane

Second plane

First plane

Fig. 15.10 Planes for 
therapy for vulvar 
intraepithelial neoplasia 
using a laser
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Higher recurrence rates are also seen in multiple 
lesions. Women, with a complete response and 
no new lesion at 6 and 12 months after treatment, 
can be followed annually. Follow-up is done by 
visual inspection and colposcopy of the vulva 
whenever required.

15.7  Vaginal Intraepithelial 
Neoplasia

Intraepithelial lesions of the vagina (VAIN) are 
less common than that of the cervix and vulva. 
They are usually associated with concomitant cer-
vical lesions. The lesions can be identified on col-
poscopy and confirmed by biopsy. Almost all 
lesions are asymptomatic, although they may 
present with excessive vaginal discharge or abnor-
mal bleeding per vaginum. In most cases, the 
upper third of vagina is involved. However, dis-
ease-free skip areas may be present with addi-
tional lesion in the lower vagina. Patients with 
VAIN tend to have either an antecedent or coexis-
tent neoplasia in the lower genital tract. In con-
trast to CIN, VAIN presents with certain specific 
challenges:

• The vagina has a large surface area, with many 
rugae and folds, which are difficult to visual-
ize with colposcope.

• Lesions tend to be multifocal, even if a lesion 
is identified, and the entire vagina needs to be 
examined for skip lesions.

• Colposcopic appearance of VAIN varies 
greatly and often goes unrecognized.

In the updated WHO 2014 classification, 
VAIN lesions are graded as vaginal low-grade 
squamous intraepithelial lesions (LSIL), which 
include VAIN 1, and vaginal high-grade intraep-
ithelial lesions (HSIL), which include VAIN 2 
and VAIN 3. VAIN 1 can also be considered as a 
productive HPV infection with a spontaneous 
regression rate of 50% and can therefore be 
managed expectantly. VAIN 2 and 3 are consid-
ered precancerous lesions and require 
treatment.

Treatment options of low-grade VAIN are:

 1. Cryotherapy: Use of cryoprobe in the vagina 
is not recommended because of the risk of 
vaginal perforation and fistula formation.

 2. Tri- or bichloroacetic acid (TCA/BCA): These 
can be used for small lesions. TCA and BCA 
are applied under colposcopic guidance with a 
wooden end of cotton tip applicator.

 3. 5-Fluorouracil (5-FU): Applied directly on the 
lesion under coloscopic guidance.

 4. Imiquimod: Applied directly to the lesions 
under coloscopic guidance [45].

Treatment options for high-grade VAIN are:

 1. Laser: It involves focused laser destruction of 
the identified lesions. Destruction of 1–1.5 mm 
depth is sufficient to destroy the epithelium 
without damaging the underlying structures. 
Laser is very effective in achieving the required 
depth and width of destruction. The procedure 
is used only for those lesions that are visible 
and accessible and where malignancy has been 
ruled out by colposcopy- directed biopsy. The 
abnormal areas in the folds can be missed often 
due to rugae in the vagina. This problem can be 
solved by manipulating the speculum to smooth 
out the rugae. The procedure is usually done 
under general anesthesia. Prior to the proce-
dure, the lesion is injected with saline that acts 
as a protective buffer that prevents penetration 
of laser to deeper tissues. A spot size of 2 mm 
and power settings of 15 to 30 W are used. If 
the lesion is large, it is subdivided so that abla-
tion is more accurate. A wet sponge or cotton is 
used intermittently to wipe away eschar and 
coagulated epithelium. Most common side 
effects are pain and bleeding. Treated areas 
generally heal well and therapy is well toler-
ated. Patients are advised regarding sitz baths 
and use of antiseptic vaginal creams, postoper-
atively. Many patients may require more than 
one session. Laser is a good option for multifo-
cal disease and especially in young women. 
Tainio et al. observed 100% regression of VAIN 
in patients treated with laser [46].

15 Ablative Methods for Treatment of Intraepithelial Lesions



200

 2. CUSA: It allows selective removal of diseased 
tissue with minimal damage to surrounding 
healthy tissues and does not cause any scar-
ring or stenosis [47].

 3. Local excision using loop or knife or cautery: 
Useful option when malignancy is suspected.

Contemporary treatment of choice for VAIN is 
laser vaporization, which is effective especially 
in case of multiple lesions. Recurrent VAIN 
lesions are common and require repeat treat-
ments. This may cause vaginal scarring or muti-
lation. Risk factors for relapse have been shown 
to be persistent high-risk HPV infection and 
severity of VAIN.

15.8  Conclusion

Cervical cancer is a preventable disease. This can 
be achieved through screening, detection of pre-
invasive lesions, and their treatment. The choice 
of treatment depends on local resources, espe-
cially in low- and middle-income countries, 
along with trained persons and extent of lesion. 
Treatment options for high-grade CIN have 
changed over the last few decades. It is now gen-
erally accepted that only a small percentage of 
women with CIN need excisional procedures. 
Majority can be treated with ablative procedures, 
which are increasingly being used for “screen- 
and- treat” approach. Cryotherapy and thermal 
coagulation are easily learnt procedures which 
can be used at resource-limited health facilities. 
Laser ablation, though expensive and requiring 
more extensive training, can be used for all types 
of cervical, vaginal, and vulvar intraepithelial 
lesions. Therefore, the choice of treatment must 
be individualized based on cost considerations, 
available equipment, morbidity, and efficacy of 
the particular method in treating the intraepithe-
lial lesion.

Key Points
• Cryotherapy is easy to use, inexpensive, and 

associated with low morbidity. It is a good 
treatment modality for ectocervix confined, 
small-volume disease, particularly in low- 

resource settings. For all screen-and-treat rec-
ommendations, cryotherapy is the first-choice 
treatment for women who have screened posi-
tive and are eligible for cryotherapy.

• Laser ablation is an expensive method which 
requires training to use. However, it is very 
useful when a large area of the cervix or vagi-
nal fornices is involved. It is also very useful 
for vaginal and vulvar intraepithelial 
neoplasia.

• Thermal coagulation is an attractive option as 
it requires minimal supplies, is easy to use, 
and can be used in low-resource settings.

• Topical applications of TCA/BCA, 5-FU, and 
imiquimod are good options for managing 
low-grade VAIN and VIN.
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Management of High-Grade 
Lesions

Neha Gami and Kanika Gupta

16.1  Introduction

According to the Bethesda system [1], high- 
grade lesions refers to high-grade squamous 
intraepithelial lesion (HSIL) on cytology (which 
includes what is used to be known as moderate to 
severe dysplasia) and CIN 2/CIN 3 on histology.

Among the precursors to cervical cancer, the 
high-grade lesions are considered most signifi-
cant as they have a high chance of either harbor-
ing malignant disease or progressing to cervical 
cancer if left untreated. The risk of developing 
cervical cancer in the next 5  years in women 
30 years or older has been reported to be 8% [2] 
(Table 16.1). However, this risk may be modified, 
depending on the HPV status of the woman.

The management of high-grade lesions begins 
from the finding of a HSIL result on cytology. 
According to various studies, HSIL is seen in 
0.5% of all the Pap smears done for screening [3].

16.2  Management of High-Grade 
Lesions

The aim of management of high-grade lesions is 
to prevent the progression of these lesions to 
malignancy without excessive harm to the 
woman. It is imperative to carefully select cases 
to avoid overtreatment of such women.

16.2.1  Management of HSIL 
on Cytology

At colposcopy, CIN 2+ is found in approximately 
60% of the cases with HSIL on cytology [3], and 
invasive cervical cancer is found in approxi-
mately 2% of these women [4]. That is the reason 
why HSIL should be referred for further assess-
ment of the cervix and the requisite treatment.

The assessment of the cervix includes visual 
inspection of the cervix and vagina followed by col-
poscopy. Both immediate referral for colposcopy 
and immediate loop electrosurgical excision of the 
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Table 16.1 Effect of HPV infection on disease 
progression

5 year risk of 
CIN 3+ (%)

5 year risk of 
cancer (%)

HSIL, HR HPV 
negative

29 7

HSIL, HR HPV 
positive

50 7
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lesion are acceptable alternatives as per ASCCP 
guidelines [5]. Monitoring by repeat Pap smear and 
reflex HPV testing are not acceptable options to 
manage a woman with HSIL on cytology [5].

Earlier punch biopsy was the method to obtain 
a tissue sample from the cervix of women present-
ing with HSIL and abnormal colposcopy. However, 
this may result in the loss to follow-up of approxi-
mately one in four women [1]. Considering that 
six out of ten of these women may be having con-
current CIN 2 or worse on histology [4], it is now 
recommended to offer excisional biopsy using 
large loop excision of the transformation zone 
(LLETZ) as a one-step approach.

The advantages of this method are a reduced 
loss to follow-up and one-step diagnosis and pos-
sible treatment. This is only recommended in 
women with HSIL on cytology with lesions sug-
gestive of high-grade CIN on colposcopy but no 
evidence of invasive cancer [1].

16.2.1.1  Colposcopy
Salient points while doing colposcopy for HSIL:

 1. Have a pre-colposcopy consultation with the 
woman, explain the procedure to her, and dis-
cuss the possible treatment options depending 
on what you may find.

 2. Examine the external genitalia for evidence of 
vulval disease or warts.

 3. While inserting the speculum, assess the vagi-
nal wall as well.

 4. Ensure the colposcopy is satisfactory and that 
the entire lesion can be seen.

Findings on Colposcopy Suggestive of CIN 
2 and 3
Four features are looked at while deciding on the 
grade of lesion during colposcopy. These are the 
intensity or whiteness of the acetowhitening, 
margins and surface contour of the acetowhite 
lesion, vascular patterns of the lesion, and the 
color changes that accompany application of 
iodine [6].

CIN 2 or 3 is likely when the lesions appear 
thick, dull grayish white areas with well- 
demarcated, sharp, and regular margins. The mar-
gins may sometimes be raised and rolled out. 
They may be complex with different shades of 
whitening within them (lesion within a lesion). 
The surface is more irregular and nodular and less 
smooth [6] as shown in Figs. 16.1, 16.2, and 16.3.

Vascular patterns of coarse mosaic and puncta-
tions in the acetowhite areas also usually signify 
high-grade lesion (Fig.  16.4). On application of 
Lugol’s iodine, these lesions do not take up the 
iodine and remain a mustard or saffron yellow [6].

Findings on Colposcopy Suggestive 
of Invasive Cancer
Lesions, which could be harboring invasive car-
cinoma, are large, densely acetowhite in color, 
sometimes obliterating the os, with atypical ves-
sels and rolled out margins (Fig. 16.5). Lesions 
which bleed on touch should also raise suspicion. 
Atypical vessels may be seen in the form of hair-
pins, corkscrew, waste thread, commas, tadpole, 
and strange irregular patterns with irregular cali-
ber of the vessels [6].

Fig. 16.1 Colposcopy of high-grade lesion; biopsy confirmed CIN 2
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When such features are seen on colposcopy, 
punch biopsy from the most sinister areas should 
be taken, and further treatment should only be 
planned after ruling out invasive carcinoma.

If the colposcopy is inadequate, a diagnostic 
excisional procedure is acceptable [4] except if the 
woman is pregnant. Ablation is not acceptable if 
colposcopy has not been done and when the biopsy 
does not show CIN 2,3 but the endocervical curet-
tings show CIN 2,3. Algorithm 16.1 shows man-
agement of HSIL as per ASCCP guidelines.

16.2.2  Management of HSIL in Young 
Women (21–24 Years)

When HSIL is reported in young women, referral 
for colposcopy is recommended, but immediate 
LLETZ at the same sitting is not recommended. If 

high-grade disease is identified on the biopsy, it 
should be managed by either observation or treat-
ment; both are acceptable. If the biopsy does not 
show CIN 2 or 3, the woman can be monitored 
every 6  months with cytology and colposcopy, 
only if the colposcopic examination is adequate 
with negative endocervical cytology [4].

16.2.3  Management of CIN 2 and CIN 
3 on Histology

Once CIN 2 or 3 has been confirmed by biopsy, 
the choice of management depends upon many 
factors. The age; parity; risk factors for progres-
sion; prior treatment for cervical disease; size, 
location, and appearance of the lesion; and the 
likelihood of follow-up all determine what 
modality is finally chosen.

Fig. 16.2 Colposcopy of high-grade lesion; biopsy confirmed CIN 3
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As per the ASCCP guidelines, the modalities 
that currently exist for treating CIN 2, 3 are exci-
sional methods, ablative methods, and hysterec-
tomy. If the woman has a satisfactory colposcopy, 
CIN 2 or CIN 3 on biopsy, and no evidence of 
invasive cancer on colposcopy, excisional and 

ablative treatment are both acceptable choices [4]. 
If however the colposcopy is inadequate or the 
endocervical sampling shows CIN 2 or 3, then 
excisional method is recommended. A diagnostic 
excisional procedure is the method of choice for 
recurrent CIN 2 or 3 [4] (Algorithm 16.2).

16.2.4  Excisional Methods

The commonly used excisional methods include:

• LLETZ/LEEP
• Cold knife cone
• Laser cone biopsy

The advantages of excisional methods include:

• Tissue for histopathologic examination—
Excisional methods provide a good specimen 
for histopathology so as to accurately stage 
the disease.

• “See-and-treat” protocol—They also offer the 
possibility of a one-step diagnosis and 
treatment.

• Technically easy—LLETZ and laser cone 
biopsy can be done under local anesthesia as 
well, thus reducing cost of the treatment.

• Minimal effect on future pregnancy rates—
LLETZ and laser have minimal effect on the 
cervical function, hence suitable even for 
young patients, keen on maintaining their 
fertility.

a

b

Fig. 16.3 (a, b) High-grade lesion on anterior lip and has 
not taken up Lugol’s iodine

Fig. 16.4 Coarse punctations

N. Gami and K. Gupta



207

The actual choice of the method used depends 
on factors like type of transformation zone, size 
of lesion, skill and comfort of operator, equip-
ment available, and age and choice of the patient.

Types of transformation zone: There are three 
types of transformation zone as per the 
International Federation for Colposcopy and 
Cervical Pathology [7].

Type 1—where the entire transformation zone 
(TZ) is ectocervical and can be seen on 
colposcopy

Type 2—where the TZ extends into the cervi-
cal canal but the upper limit of the TZ can be seen 
during colposcopy

Type 3—where part of TZ is endocervical and 
the upper limit of the TZ cannot be seen on 
colposcopy

For type 1 and type 2 TZ, LLETZ and laser are 
acceptable methods of choice. The aim is to 
remove a tissue of 8  mm depth in center and 

5  mm at the periphery. For type 2 TZ, LLETZ 
and laser are again good methods, but a second 
central excision of about 7–10 mm depth should 
be done with a smaller loop so as to obtain the 
tissue that is extending into the cervical canal. 
For type 3 TZ, excision of the ectocervix should 
be followed by an excision of the endocervical 
canal to a greater depth to get an inverted hat- 
shaped specimen [7].

16.2.5  Large Loop Excision 
of the Transformation Zone 
(LLETZ)

LLETZ and loop electrosurgical excision proce-
dure (LEEP) both refer to excision of the trans-
formation zone with electrocautery. They have 
now become the standard of care for high-grade 
cervical premalignant lesions.

Fig. 16.5 Colposcopy, cervical biopsy, and ECC showing keratinizing squamous cell carcinoma
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Equipment needed for LLETZ: A bipolar, 
electrocautery system with cutting and coagula-
tion functions (Fig. 16.6)

 1. Cusco’s speculum with attachment for suction 
tubing

 2. Insulated handpiece, with handheld cautery 
control

 3. Thin, wire loops of various sizes (Fig. 16.7)
 4. Ball cautery electrodes
 5. Earth plate

16.2.5.1  Procedure of LLETZ
LLETZ can be performed under local anesthesia. 
General anesthesia may be used in certain situa-
tions, like when patient is uncomfortable under-
going the procedure.

The patient is positioned in lithotomy position 
after she has emptied her bladder. An insulated 
self-retaining, double-blade, vaginal speculum is 
then inserted to visualize the cervix. Ideally it 
should have an attachment for the smoke evacua-
tor where the suction tubing can be attached.

If the LLETZ is taking place in the second sit-
ting, then a colposcopy should preferably be done 
just before the LLETZ. Otherwise application of 
Lugol’s iodine can help to delineate the lesion. 
For local anesthesia, 1% lidocaine solution is 
injected in a circular manner all around the cir-
cumference of the cervix, using a thin needle and 
a dental syringe. Injecting 2–4 mL of 1:20 diluted 
ornipressin into the cervical tissue will help 
reduce the bleeding.

LEETZ is performed, by placing the loop of 
appropriate size, 1–2 mm beyond the edge of the 
lesion. Using either blend or coagulation current, 
the loop is gently passed through the cervical tis-
sue in such a way that a cone-shaped tissue is 
excised. The loop is then brought out beyond the 
other edge of the lesion, again leaving a 1–2 mm 
margin. It is important to let the current cut the 
tissue and not by mechanical pull on the loop. 
Pulling the loop before the tissue is cut will lead 
to unnecessary bleeding. The tissue so obtained is 
labeled and sent for histopathology. The crater is 
then examined for any bleeding, and the bleeding 
points are cauterized using ball cautery electrodes 
(Figs. 16.8, 16.9, 16.10, and 16.11). If the lesion 
is large, then it might have to be excised in multi-
ple passes (Fig. 16.12).

If LEETZ is being performed in patients 
where the upper limit of the lesion cannot be seen 
on colposcopy, a deeper resection of the central 
area should be done.

In women who have extension of the lesion up 
to the vaginal fornix, the cervical lesion should 
be excised as usual, and the vaginal extension can 
be cauterized with ball cautery. These women 
will require a close follow-up.

16.2.5.2  Postoperative Care
Immediately after the procedure, a tampon or vaginal 
swab can be inserted for few hours to prevent bleed-
ing. This should be removed in 4 h. Patient can be 

Fig. 16.6 Bipolar electrocautery system

Fig. 16.7 Insulated speculum and wire loops of various 
sizes
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Fig. 16.8 Large ectropion on the anterior lip

Fig. 16.9 Cautery loop in position

Fig. 16.10 Ball cautery being used to control bleeding

Fig. 16.11 Final crater

Fig. 16.12 Excision of 
an ectocervical lesion 
with multiple passes
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discharged or sent home soon after with a follow-up 
planned after 4 weeks to review the crater. She should 
be advised to avoid intercourse for 4 weeks.

16.2.5.3  Post-op Complications
Some minor and major complications associated 
with LLETZ are:

 a. Minor complications—They may occur in about 
0.6% of the cases [8]. These are abdominal pain, 
vaginal bleeding or discharge, and bladder spasm.

 b. Major complications are seen in 9.1% of the 
cases [8]. These could be excessive vaginal 
bleeding requiring further procedure, bowel, 
or bladder injury.

 c. Post-op cervical stenosis—This may occur if 
a larger volume of cervical tissue has been 
removed. It was seen in 6% of the women in a 
study by Suh-Burgmann et al. [9].

 d. Some studies have reported an increased risk of 
late miscarriages [10, 11], preterm labor [12, 
13], preterm prelabor rupture of membranes 
[12, 13], and a statistically insignificant 
increased risk of low birth weight babies in 
women who had undergone LLETZ previously. 
There was no increased risk of cesarean section, 
precipitate labor, or need for induction of labor.

16.2.5.4  Disadvantages of LLETZ
Cauterization artifact: As the tissue is removed 
using both coagulation and cutting current, a lit-
tle bit of thermal artifact is unavoidable. This 
may lead to uncertainty while reporting the histo-
pathology, especially the status of the margins. In 
a study by Montz et al., although 92% of the 50 
cases reported were considered sufficient for 
interpretation, full assessment of the ectocervical 
margin was not possible in 20% cases and that of 
the endocervical margin in 44% cases.

16.2.5.5  Follow-Up After LLETZ
Women are to be followed up after treatment of high-
grade lesions to ensure completeness of therapy. 
After LLETZ for high-grade CIN, the follow-up 
cytology and colposcopy are recommended at 
3–12 months depending on the margin status. This 
may be increased to 6–12  months for the next 
5–10 years, depending on the risk factors.

If the histopathology shows involved margins 
at LLETZ, then the woman should be followed 
up with colposcopy and cytology at 3, 9, and 
15 months.

If the margins are free, co-testing with Pap 
smear and HPV is recommended at 12 and 
24 months [4]. If both are negative, then the woman 
can return to routine screening for the next 20 years, 
even if that goes beyond the 65 years age limit [4].

Factors that increase the chances of recurrence 
are:

• Positive margins at the primary excision.
• High-grade lesion: CIN 3 lesions have a 

higher chance of recurrence than lower-grade 
lesions [1].

• Advanced age of the patient: Highest chance 
of recurrence was found in women older 
than 50  years with positive endocervical 
margins [1].

• High-risk HPV-positive status.
• HIV-positive status: Patients who were HR 

HPV negative at their first follow-up had a sig-
nificantly lower risk of persistent or recurrent 
disease [1].

16.2.6  Cold Knife Cone Biopsy (CKC)

Although CKC has mostly given way to LLETZ or 
laser cone, it may still be used in certain situations. 
It is preferred in postmenopausal women with high-
grade cytology and narrow vagina, which makes 
LLETZ difficult. It may also be a better choice in 
women with cytology showing adenocarcinoma in 
situ (AIS) or malignant cells without any identifi-
able lesion on the ectocervix. In women with an 
endocervical extension of the lesion of more than 
1.5 cm, CKC is a better option than LLETZ cone. 
The main indications for conization are:

• Colposcopy is inadequate, and the squamoco-
lumnar junction cannot be seen entirely.

• CIN 2/3 is seen on endocervical curettage.
• There is discordance between the results of 

cytology, biopsy, and colposcopy.
• Microinvasion is suspected or colposcopy 

cannot rule out invasive cancer.

N. Gami and K. Gupta



211

Equipment:

 1. Vaginal speculum
 2. Allis forceps
 3. Knife and blade (No. 11)
 4. Artery forceps
 5. Cervical dilators

16.2.6.1  Procedure
Patient is placed in lithotomy position after 
regional or general anesthesia. After cleaning and 
draping the parts, a speculum is inserted to retract 
the posterior vaginal wall. The uterus is sounded 
and cervical length is estimated using a sound. 
Lugol’s iodine may now be applied to the cervix 
to delineate the lesion. To reduce the bleeding, 
stitches can be taken at 3 and 9 o’clock position 
on the cervix. The cervical canal is first dilated. 
The conization is now done by incising with the 
blade pointing toward the apex of the planned 
cone. It is better to start at 3 or 9 o’clock position 
to avoid loss of vision due to bleeding. The inci-
sion should include the lesion and 2–3 mm of the 
normal tissue around it (Fig). The apex of the 
cone should ideally be 1 cm below the level of the 
internal os. One should try to remove the speci-
men in one piece as far as possible [7] (Figs. 16.13 
and 16.14).

After removing the cone, the endocervical 
canal above it should be curetted to exclude pres-
ence of disease in the canal. A suture is put at 12 
o’clock position of the excised cone specimen to 

help the pathologist in specimen orientation 
(Fig.  16.15). To reduce postoperative bleeding, 
ball cautery or Monsel’s solution may be used.

16.2.6.2  Postoperative Care
Complete healing of the cervix may take up to 
6 weeks. Patient is advised to abstain from inter-
course and not to use vaginal tampons as it may 
lead to significant bleeding and infection.

Fig. 16.13 Technique of cone biopsy

Fig. 16.14 Crater after cone biopsy

Fig. 16.15 Cone specimen with knot indicating 12 
“o’clock” position
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16.2.6.3  Follow-Up
Patients should be called back for the first follow-
 up after 2 weeks. A final postoperative examina-
tion is recommended at 6  weeks. To rule out 
residual or recurrent CIN, cytology is done every 
3 months during the first postoperative year and 
every 6 months thereafter.

16.2.6.4  Complications
Immediate:

• Anesthetic risk
• Hemorrhage
• Uterine perforation

Delayed:

• Secondary hemorrhage
• Cervical stenosis
• Incompetence of the cervix
• Risk of preterm delivery or premature rupture 

of membranes in future pregnancy

16.2.7  LEEP Versus CKC

There is hardly any differences in the occur-
rence of complications after LEEP or cryother-
apy, but they are seen more frequently after 
CKC [17].

LEEP 
(%)

CKC 
(%)

Cryotherapy 
(%)

Recurrence of 
CIN 2/3

5.3 1.43 5.3

Major bleeding 0.22 0.85 0.03
Major infections 0.12 0.08 0.01
Premature 
delivery

1.85 3.41 2.25

HPV clearance 64.7 72.2 –

16.2.8  Straight Wire Excision of TZ 
(SWETZ)

Straight wire excision of transformation zone 
(TZ) or SWETZ is an electrosurgical excision of 
the endocervical TZ or type 3 TZ and glandular 
disease with 1  cm straight wire electrode. The 

specimen obtained is a cone, but it involves using 
the activated wire instead of a cold knife. Needle 
excision of transformation zone (TZ) or NETZ is 
a synonym for SWETZ.

16.2.8.1  Indications for SWETZ
• Some type 2 or type 3 TZ
• Glandular disease
• Suspicion of microinvasion

16.2.8.2  Procedure
It uses a 1 cm straight wire electrode and a blend 
cutting, and coagulation setting is used at 40 W 
(Fig. 16.16).

16.2.8.3  Advantages
Lower morbidity

Less chances of incomplete removal and seg-
mentation of specimen

Less chances of excessive removal

Fig. 16.16 Straight wire electrode
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According to Pansokaltsis et  al., the perfor-
mance of NETZ was better in regard to specimen 
fragmentation, free margins, and risk of residual 
disease [14]. Camargo and colleagues in their ran-
domized controlled trial observed no statistical 
difference between SWETZ and LLETZ cone in 
achieving clear histological margins. But SWETZ 
resulted in a higher blood loss and an increased 
operating time [15]. Fabio Russomano concluded 
that LLETZ had a higher compromised endocer-
vical margins in the specimen than SWETZ [16].

16.2.9  Laser Cone Biopsy

Laser cone is comparable to LLETZ for its ability 
to effectively treat CIN 2 and 3. However, it needs 
intensive training and special equipment [7].

Equipment required for laser conization is 
shown in Table 16.2.

The operative and post-procedure complica-
tions of all three methods of obtaining a cone 
have been compared in Table 16.3.

16.3  Ablative Methods

16.3.1  Cryotherapy

Ablation of the transformation zone is considered 
an effective method to treat CIN [1]. The main 
advantage of cryotherapy as a treatment modality 
is that it does not have any known adverse effect 
on fertility and during future pregnancy. But the 
no specimen is available for histopathology.

Cryotherapy uses a cryoprobe with a tip made 
of highly conductive metal. When a compressed 
refrigerant gas (nitrous oxide or carbon dioxide) 
is allowed to pass through a small aperture in the 
cryoprobe, it results in a substantial drop in tem-
perature of the tip. This causes cryonecrosis of 
the cells in contact with the probe. This is the 
principle behind its use to destroy cells with CIN 
changes.

16.3.1.1  Indications for Cryotherapy
• CIN is confirmed by cervical biopsy/colpos-

copy, and invasive cancer has been ruled out.
• The entire lesion is ectocervical, and there is 

no extension to the vagina and/or 
endocervix.

• The size of the lesion is such that it can be 
covered entirely by the cryoprobe.

• The woman is not pregnant or at least 3 months 
postpartum.

• There is no active genital infection.

Details regarding equipment and procedure 
are discussed in Chap. 15.

16.3.1.2  Procedure
The procedure is discussed in short here.

After obtaining informed consent, the woman 
is asked to lie down in a modified lithotomy posi-
tion after emptying her bladder. The largest size 
speculum that can be comfortably inserted is 
used to visualize the cervix. Any secretions are 
then removed with Q-tips. Lugol’s iodine may be 
applied to delineate the lesion.

The cryoprobe surface should be cleaned with 
saline before applying it firmly in contact with 
the ectocervix. Ensure that the center of the tip is 
placed at the os.

Table 16.2 Equipment required for laser conization

Instruments CO2 laser, colposcope
Power output 25–30 W
Spot size 0.5 mm
Operating mode Continuous
Lateral margins 5 mm around the lesion
Endocervical margin Excised surgically
Hemostasis By sutures
Anesthesia Either general or local

Table 16.3 Comparison of LEEP, CKC, and laser [18, 
19]

Parameters LEEP CKC
Laser 
conization

Blood loss 5.4 cm3 16.2 cm3 21.5 cm3

Operating time (min) 5.4 14 15.6
Volume of cone Small Good Small
Thermal artifact 53% – 57%
Postoperative 
bleeding

Similar Similar Similar

Post-procedural TZ 
visibility (%)

19 50 20

Cervical stenosis (%) 1 4 0
PROM/PTL 1% – –
Recurrence (%) 2 1 2
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The trigger is then pressed to release the gas 
and timer is started. We must ensure that we can 
see the icicles forming around the probe tip and 
that it is not touching the vagina.

As the gas passes though the tip, it causes 
immediate cooling to sub-zero temperatures. The 
temperatures achieved at the center of the ice ball 
are −89 °C and −60 °C with the nitrous oxide- 
based cryotherapy and the carbon dioxide-based 
system, respectively. The temperatures reached at 
the edges of the frozen tissue may be around 
−20 °C.

Adequate destruction of the transformation 
zone is achieved by two sequential cycles of 
freeze-thaw with each freeze lasting for 3  min 
followed by 5 min for the cervix to thaw. Freezing 
is said to be adequate when the margin of the ice 
ball extends around 4–5 mm beyond the CryoTip.

After the freeze is finished, we should wait for 
the tip to get separated from the cervix on its 
own, as pulling it forcefully may cause bleeding.

At the time of discharge from the clinic, 
women should be told that they may have exces-
sive vaginal secretions or blood-stained watery 
vaginal discharge for up to 4–6  weeks. They 
should be advised to avoid tampon use and inter-
course for about 4 weeks after the procedure and 
to return in case they develop high-grade fever, 
purulent discharge, or severe lower abdominal 
pain.

16.3.1.3  Post-op Complications
 1. Patient may have some lower abdominal pain 

or cramps during and after cryotherapy.
 2. Bleeding is extremely rare after cryother-

apy; however, she may have blood-tinged 
watery discharge for 4–6  weeks after the 
procedure.

 3. Cervical stenosis is seen in less than 1% of 
women; 5–10% of women may have decreased 
mucus production [10].

16.3.1.4  Follow-Up
As for other treatment modalities, the adequacy 
of treatment may be assessed by cytology and 
HPV testing 4–6 months after treatment. If there 
is persistence of a high-grade abnormality, col-
poscopy and biopsy should be repeated. If they 

are normal even at 9–12 months, the patient may 
return to routine screening.

16.4  Hysterectomy

Hysterectomy is not the first choice for treatment 
of high-grade cervical lesions as more conserva-
tive methods like LLETZ and laser are now 
widely available. Some special indications where 
hysterectomy may still be used are:

• HSIL in a woman who has completed her fam-
ily and in whom follow-up may be difficult

• If the margins are involved at LLETZ or CKC 
and the woman has completed her family

• HSIL or a high-grade CIN in a postmeno-
pausal woman

• HSIL on cytology or high-grade CIN on 
biopsy, in a woman who needs definitive treat-
ment for other benign pathology like fibroids

16.4.1  Managing High-Grade Lesions 
in Young Women

More than 20% of women aged 21–24 years may 
be infected by high-risk HPV infection, but inci-
dence of cervical cancer is very low in them. 
Most low-grade lesions including CIN 2 lesions 
will regress in them without any intervention. 
Therefore, such women are managed more con-
servatively. As HPV infection is common in this 
age group, testing for high-risk HPV is not advo-
cated, and if tested the results should not modify 
management. Even high-grade lesions (HSIL or 
CIN 2/3) can be managed conservatively with 
only observation, provided colposcopy is satis-
factory [20].

16.4.2  WHO Guidelines for Treatment 
of CIN 2/3 and AIS (2014) [21]

16.4.2.1  Strong Recommendation
LEEP to be used over no treatment.

Cryotherapy to be used rather than no 
treatment.
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Cold knife conization to be used over no 
treatment.

If both cryotherapy and CKC can be used in a 
patient, cryotherapy to be used.

If both LEEP and CKC are appropriate to use 
in a patient, LEEP is to be preferred.

16.4.2.2  Conditional 
Recommendation

CKC to be used in women with histologically 
proven diagnosis of adenocarcinoma in situ 
instead of LEEP.

16.4.3  Managing High-Grade Lesions 
in Pregnancy

The main purpose of cervical cancer screening 
and management of cervical dysplasia during 
pregnancy is to be able to pick up early invasive 
cancer [14]. Up to 5% pregnant women may have 
cervical dysplasia; however, the progression to 
cancer within the duration of the pregnancy is 
very rare.

Colposcopy can be safely performed in preg-
nancy, but significant expertise is required for 
interpreting colposcopic findings in pregnancy. 
This is due to the following reasons:

Technically difficult – The cervix is hypertro-
phied, hyperemic, and friable and so can bleed 
easily during manipulation. Also, the lax vaginal 
walls and thick tenacious mucus (Fig. 16.17) may 
cause difficulty in visualization.

Difficulty in interpretation—The vascular 
changes and features of metaplasia appear exag-
gerated which one can confuse with high-grade 
lesions. Deciduosis in pregnancy also mimics a 
high-grade lesion thereby adding to the difficulty 
in interpreting the results.

If colposcopy is done in pregnancy for a cytol-
ogy showing a high-grade lesion, biopsy should 
be taken with a Tischler forceps. Only one biopsy 
is sufficient due to the risk of bleeding. The pur-
pose of the biopsy is only to rule out invasive 
cancer. Endocervical curettage is contraindicated 
in pregnancy. Decision regarding whether biopsy 
is needed should be taken by an experienced cli-
nician with relevant expertise. If CIN 2 or 3 is 
confirmed in the biopsy, the woman may be fol-
lowed by a colposcopy in each trimester, and 
repeat biopsy should be done only if colposcopy 
drastically worsens. The treatment should be 
planned only after delivery, and reevaluation at 
6 weeks postpartum is also acceptable. At post-
partum follow-up, a repeat cytology and colpos-
copy are done to confirm the disease or regression 
of the lesion (Algorithm 16.3).

16.5  Conclusion

For all women with HSIL on cytology, colposcopy 
referral is a must. Women with a high-grade lesion 
on colposcopy should have a diagnostic excisional 
procedure to confirm the grade of lesion and offer 
treatment as well. Diagnostic excisional methods 

a b

Fig. 16.17 (a, b) Thick tenacious mucus over the cervix
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are preferred to ablative methods in CIN 2/3 
although both are acceptable if the colposcopy is 
adequate. Less aggressive treatment is recom-
mended for young women and pregnant women. 
Follow-up after treatment is essential to ensure 
freedom from disease and no recurrence.

Key Points
• According to the Bethesda system, high-grade 

lesions refer to high-grade squamous intraepi-
thelial lesion (HSIL) on cytology (which 
includes what is used to be known as moderate 
to severe dysplasia) and CIN 2 or CIN 3 on 
histology.

• At colposcopy, CIN 2+ is found in approxi-
mately 60% of the cases with HSIL on cytol-
ogy, and invasive cervical cancer is found in 
approximately 2% of women undergoing col-
poscopy for HSIL.  That is the reason why 
HSIL should be referred for further assessment 
of the cervix and the requisite treatment.

• The aim of management of high-grade lesions 
is to prevent the progression of these lesions to 

malignancy without excessive harm to the 
woman.

• Offer excisional biopsy using large loop exci-
sion of the transformation zone (LLETZ) as a 
one-step approach to women with HSIL on 
cytology.

• Excisional methods available to treat CIN 2/3 
on biopsy are LLETZ, cold knife cone, and 
laser cone biopsy.

• Ablative methods available are cryotherapy 
and laser.

• When HSIL is reported in young women, 
referral for colposcopy is recommended, but 
immediate LLETZ at the same sitting is not 
recommended.

• The main purpose of cervical cancer screen-
ing and management of cervical dysplasia 
during pregnancy is to be able to pick up early 
invasive cancer.

• Follow-up with cytology and HPV DNA test-
ing can help predict or rule out chances of 
recurrence.

Algorithm 16.1 Management of Women with High-grade Squamous Intraepithelial Lesions 
(HSIL)*

Immediate loop
Electrosurgical

excision †   

Colposcopy with
endocervical
assessment

* Management options
  may vary if the woman
  is pregnant,
  postmenopausal, or
  ages 21-24
  † Not if patient is
  pregnant or ages 21-24  

Manage per ASCCP
Guideline

No CIN 2/3 CIN 2/3

OR

Management of Women with High-grade Squamous Intraepithelial Lesions (HSIL)*
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Algorithm 16.2 Management of Women with Biopsy-Confirmed CIN 2 and CIN 3*

Adequate colposcopy
Inadequate colposcopy or
recurrent CIN 2,3 or endocervical
sampling shows CIN 2,3

Either excision or
ablation of T zone #

Diagnostic excision procedure

Co-testing at 12 and 24 months

2x negative results Any test abnormal

Repeat co-testing in 3
years

Colposcopy with
endocervical sampling

Routine screening

Management of Women with Biopsy-confirmed CIN 2,3*
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Algorithm 16.3 Management of ASC-H and HISL During Pregnancy

ASC-H/ HSIL

Colposcopy

CIN 3 CIN 2

Biopsy
Repeat colposcopy

every trimester

CIN1/ negative

Invasion

Recommendations
specific for

malignant disease

Colposcopy/biopsy
postpartum

Management of ASC-H and HISL during Pregnancy
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Epidemiology and Risk Factors 
for Ovarian Cancer
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17.1  Introduction

The International Agency for Research on Cancer 
reported that in 2012 gynecological cancers 
accounted for 20% of the 14.1 million new can-
cer cases and 8.2 million cancer deaths in females. 
Of this, 239,000 new cases were diagnosed as 
OC and caused 1,52,000 deaths [1].

By 2020, an estimated 182,602 cases of gyne-
cological cancer will be diagnosed in Indian 
women which would be 30% of the total cancers 
among females [2].

In the United States, an estimated 22,440 
new cases of OC were diagnosed in 2017 
accounting for 5% of the total cancer-related 
deaths. Over the past two decades, OC rates 
have declined by about 1.1% per year in whites 
and 0.4% per year in black women with a simi-
lar decrease in mortality (2% per year versus 
1% per year) [3].

The median age at diagnosis is 63 years, and 
the lifetime risk of having OC is 1 in 75 (1.3%) 
with the mortality rate of approximately 25% for 
all stages of OC. The 5-year survival rate for OC 
is low (46.5%) as 60% of women are diagnosed 
in later stages where the survival incidence is on 

an average 29%. Early-stage cancer is diagnosed 
only in 15% women though the survival rate is as 
good as 92% [4].

17.2  Geographic Distribution

A wide geographic variation is observed for OC 
with the highest rates (>8 per lakh) being 
observed from developed nations like North and 
Central America and Eastern Europe. South Asia 
and Africa account for the lowest incidence of 
less than 3 per lakh with South America being 
between the two (5.8 per lakh) [5] which are in 
congruence with the variations observed across 
the globe [4]. Figure 17.1 exhibits the wide geo-
graphic distribution of ovarian cancer all over the 
globe [1].

Maximum decline in OC-related mortality 
has been seen in major developed countries like 
the European Union, America, and Australia 
(10%, 16%, 12%, respectively). The fall was 
larger for the young and the middle-aged 
women. Latin American countries had lower 
rates with a modest decline of only 2.1% noted 
in Japan [6].
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17.3  Risk Factors

The two predominant hypotheses for OC that 
have emerged after decades of research are the 
incessant ovulation and the gonadotropin hypoth-
esis. According to the former theory, with the 
increasing number of ovulatory cycles, there is 
an increase in the rate of cellular division associ-
ated with the repair of ovarian epithelium in turn 
increasing the chances of spontaneous mutations 
[7]. Entrapment of the ovarian surface epithelium 
within the ovarian stroma and its subsequent dif-
ferentiation, proliferation, and malignant trans-
formation may occur due to estrogen stimulation. 
These occur more likely especially with high 
gonadotropin levels (luteinizing hormone [LH] 
and follicle-stimulating hormone [FSH]) and 
form the basis of gonadotropin hypothesis [8, 9].

17.3.1  Age

Early age at menarche and late age of menopause 
increase the number of ovulatory cycles, thereby 
increasing the risk of development of OC, though 

many studies do not support the same [10]. Gong 
et  al. analyzed 22 case-control and five cohort 
studies in their meta-analysis and reported a statis-
tically significant inverse association between 
menarcheal age and OC risk (RR = 0.85; 95% CI, 
0.75–0.97), but the association was restricted to 
invasive and borderline serous ovarian cancer [11].

Similar inconsistent results have been reported 
with regard to age at menopause. In the EPIC 
cohort of 327,396 women, menopausal age more 
than 52 had an increased risk compared to 
<45 years (>52 vs ≤45: HR, 1.46; 95% CI, 1.06–
1.99; P-trend 0.02) [12]. A collaborative report 
from NHS and NHS-II found an increased asso-
ciation of increasing age at menopause with 
endometrioid tumors and not serous invasive or 
mucinous tumor [13]. To conclude, with all the 
available evidence, the effect of age at the ends of 
the reproductive spectrum is small.

17.3.2  Pregnancy and Parity

Pregnancy exerts a strong protective effect on 
ovarian cancer by causation of anovulation and 

Ovarian cancer

Incidence ASR
Female

8.4+

6.8-8.4

5.0-8.8

3.8-5.0

No data

Source: GLOBOCAN 2012 (IARC)

<3.8

Fig. 17.1 Geographic distribution of ovarian cancer. 
Adapted with permission from Ferlay J., Soerjomataram 
I., Ervik M., Dikshit R., Eser S., Mathers C., Rebelo M., 
Parkin D.M., Forman D., Bray, F.  GLOBOCAN 2012 
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decreased pituitary gonadotropins. Gaitskell 
et al. in their prospective Million Women Study 
(MWS) showed that nulliparous females had a 
29% increase of ovarian cancer risk compared to 
women even with a single child with significant 
variation for histological subtype. There was no 
significant increase in serous to a modest increase 
for mucinous but a substantial increase for clear 
cell and endometrioid tumors [14].

A large case-control study from Denmark 
found a significant decrease in the risk of serous 
borderline OCs with increasing parity (p < 0.01), 
whereas infertility was associated with an 
increased risk (OR = 3.31; 95% CI, 2.44–4.49) 
[15]. Similar results were reported by Koushik 
et al. [16].

17.3.3  Breastfeeding

Prolactin release after delivery helps in the estab-
lishment of lactation and switches off LH and 
FSH secretion in turn causing anovulation. So 
breastfeeding (BF) has a protective effect in the 
development of ovarian cancer [9]. Tsilidis and 
colleagues showed that there was no significant 
association of risk of OC with breastfeeding [12]. 
In a recent meta-analysis by Li et  al. including 
17,137 women with ovarian malignancy, a 30% 
risk reduction was seen with up to 6 months of 
BF as compared to no BF with a significant 
decrease in epithelial variety. When duration of 
BF was considered, the relative risks for 
<6 months, 6–12 months, and >12 months were 
0.85, 0.73, and 0.64, respectively, thus showing 
that there is a linear trend toward ovarian cancer 
risk and duration of BF [17]. Sung et al. observed 
that first birth and first 6  months of BF had a 
greater protective effect than subsequent births 
and additional months of BF [18].

17.3.4  Oral Contraception

Consistent reports of the protective effect of oral 
contraception on development of ovarian cancer 
exist in the literature with the protective effect 
increasing with the duration of use [16, 19, 20].

Koushik et al. reported that ever use was not 
associated with risk overall but >10 years of use 
versus no use reduced the risk especially for 
invasive OC [16], whereas another study showed 
that if use was 5  years or more, the risk was 
halved [9].

The EPIC trial showed that oral contraceptive 
use for ≥10 years decreased the risk of ovarian 
cancer by 45% compared to ≤1  year of use, 
though ever users had significant lower risk of 
OC [12].

No particular oral contraception formulation 
or ovarian cancer histiotype is associated with 
risk reduction [21]. A lower risk of ovarian can-
cer with progestin only contraception has also 
been seen [22].

Across the globe, the choice of contraceptive 
method usage varies. Huang et al. in the prospec-
tive Shanghai Women’s Health Study showed 
that with intrauterine device use of longer than 
20 years, there was a reduction of 38% for OC 
compared to never users [23]. With levonorg-
estrel intrauterine system (LNG-IUS), a lower 
incidence of OC has been seen [24]. To conclude, 
still further research is needed to establish the 
effect of different formulations and modes of 
contraception on ovarian cancer risk.

17.3.5  Hormone Replacement 
Therapy (HRT)

Despite the well-known ill effects of HRT on 
women’s health, Ness et  al. reported that 12% 
postmenopausal women with a mean age of 
66 years still take HRT [21]. The evidence sug-
gest that HRT is the risk factor for ovarian can-
cer. Initial studies mainly focused on unopposed 
estrogen therapy (ET) and OC risk. Studies both 
support [25–27] and refute [28, 29] the associa-
tion of OC risk with unopposed ET therapy. But 
a recent reanalysis of 52 epidemiological studies 
reported that 55% women who used HRT 
develop OC and the risk was increased even with 
<5  years of use. The risk mostly increased for 
serous and endometrioid type, and the risk 
remained despite stoppage of HRT even up to the 
next 10 years [30].
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Combined estrogen and progestin therapy 
(EPT), though initially deemed to have no asso-
ciation or was weakly protective [31, 32], has 
been shown to have increased risks as well.

Greiser and colleagues observed that risk of 
ovarian cancer was increased 1.28-fold with ET 
compared to 1.1-fold increase with EPT, though 
no differential impact of the formulation was 
noted on histological subtypes [26].

Thus, HRT use in women is associated with a 
small but significant risk of OC.

17.4  Lifestyle Factors

17.4.1  Smoking

Cigarette smoke contains carcinogenic chemicals 
like benzo[a]pyrenes, which is a potent mutagen 
and carcinogen found in cigarettes. Women 
exposed to cigarette smoke have benzo[a]pyrene 
DNA adducts in their ovarian follicular cells 
which may increase the risk of DNA damage [33].

Some studies [34–36] reported that smoking 
was not a risk factor for ovarian cancer. A study 
published in The Lancet journal analyzed the 
effect of smoking on ovarian cancer for 28,000 
women from a total of 51 studies. They reported 
that current smoking rather than past history was 
associated with an excess of mucinous tumors 
mainly of the borderline histology (49% muci-
nous invasive and 125% borderline). A reported 
decrease in endometrioid and clear cell tumors 
was noted which is in congruence with the fact 
that smoking decreases the risk of endometrial 
cancer. Thus, the overall increase in incidence is 
small though nonsignificant [37].

Mettler and colleagues in their pooled analy-
sis showed that cigarette smoking had differing 
strengths of association with different histologi-
cal subtypes of ovarian cancer. Maximum asso-
ciation was with invasive and borderline 
mucinous tumors to the tune of 31% and 83%, 
respectively, in current smokers. The association 
between smoking and risk of low- and high-grade 
serous OC was insignificant though a significant 
increase was noted for serous borderline tumors 
among former and not current smokers [38].

There has been a global increase in female 
smoking. Serous ovarian cancers are the most 
lethal of them, but most studies have found that 
this histological type does not have an increased 
association with smoking [37, 39–41].

Various studies have shown a protective effect 
of smoking on endometrioid OC, but quite a good 
number found no association between the same 
[39, 41–44].

A decreased risk for clear cell ovarian cancer 
was seen in some studies [37, 39, 44], though 
others found an increased but nonsignificant 
association between the same [42, 43].

17.4.2  Diet and Vitamin Intake

A null association was observed with intake of 
vitamins A, C, and E and folate and ovarian can-
cer though some association was observed with 
greater vitamin intake especially carotenoids 
with endometrioid histology [45]. Schulz et  al. 
noted that higher intake of vegetables, whole 
grain foods, and low-fat milk have some evidence 
for decrease in OC risk [46]. The meta-analysis 
of EPIC cohort and the Netherlands cohort 
including 430,476 women with 1522 OC cases 
found that high intake of saturated fats elevates 
the OC risk (HR = 1.21, 95% CI, 1.04–1.41) [47]. 
Yin et al. found no strong evidence of vitamin D 
decreasing the risks [48]. A very recent Mendelian 
randomization study found single nucleotide 
polymorphisms (SNPs) that were associated with 
circulating levels of vitamin D and increased risk 
of OC [49].

17.4.3  Asbestos and Talc

IARC has notified that evidence suggested that 
exposure to asbestos in humans causes OC [50]. 
A 75% excess risk of OC with asbestos exposure 
occurs though the effect is negated upon histo-
pathological confirmation of the reported OC 
cases [51].

Talc like asbestos is a silicate mineral. Though 
mechanistic, pathological, and animal studies are 
not supportive of the carcinogenic properties of 
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talc on ovarian epithelium [52], studies both sup-
porting [53, 54] and refuting the same have been 
reported in literature [55]. Thus IARC classified 
genital talc use as possibly carcinogenic in 
humans [56].

17.4.4  Obesity

Adipose tissue converts androgens to estrogens, 
and increase in body mass index (BMI) has been 
associated with OC risk mainly in premenopausal 
women [57, 58], but some studies also found an 
association with postmenopausal women [59, 
60]. Increase in different histological types of OC 
has been also seen [59, 61, 62].

17.4.5  Physical Activity

Olsen and colleagues suggested a modest inverse 
relationship between the level of physical activity 
and the risk of ovarian cancer, though the benefit 
did not vary for different histological subtypes. 
Thus, regular physical activity should be the 
norm considering its beneficial outcome on 
weight control and hence a better bone and heart 
health [63].

17.4.6  Drugs

The inflammatory etiology of ovarian cancer [64] 
wherein inflammatory mediators released during 
ovulation initiate cell transformation and a simi-
lar inflammatory process in endometriosis sup-
port the protective anti-inflammatory role of 
aspirin and NSAIDs. Aspirin is an irreversible 
COX-1 inhibitor, and this inhibition is more 
important for decrease in risk for ovarian malig-
nancy as OC tissue overexpress COX-1.

In the analysis of more than 7500 patients, 
aspirin use was associated with decreased risk of 
OC, more so for regular users of low dose [65]. 
Aspirin use for cardiovascular disease prevention 
has reported a 12% reduction in cancer incidence 
with ≥3 years of daily aspirin use, especially for 
female genital cancers [66]. In contrast regular 

use of NSAIDs was seen as protective in com-
parison to aspirin [67].

Interestingly, evidence is emerging for the 
role of metformin in OC prevention and treat-
ment. In a very recent retrospective study by 
Wang et al., patients with OC who regularly use 
metformin had a longer progression-free sur-
vival and overall survival than who did not take 
or discontinued metformin and in nondiabetic 
OC controls [68].

Thus, further research is warranted, keeping in 
mind potential drug adverse effects on long-term 
use.

17.5  Gynecological Conditions 
and Risk of Ovarian Cancer

Benign conditions like endometriosis, pelvic 
inflammatory diseases (PID), and PCOS have all 
been evaluated as potential risk factors for devel-
opment of OC.

Endometriosis has been long linked to the 
development of OC.  A systematic review 
reported increased risk of OC especially of endo-
metrioid, clear cell, and low-grade serous tumors 
[69, 70].

PCOD is known to be associated with endo-
metrial cancer due to unopposed estrogens and 
androgens. Literature is scarce on the association 
of PCOD with OC [71, 72].

Studies are inconclusive about the associa-
tion between PID and ovarian cancer [73–77]. 
PID was found to be a risk factor especially in 
women <35  years [75] though an increased 
association was seen with borderline tumors 
[76], especially of the serous variety and not 
mucinous [77].

17.6  Gynecological Surgery 
and Ovarian Cancer

Various mechanisms by which tubal ligation acts 
as a protective barrier are an early screening 
effect, alteration of ovarian function, mechanical 
barrier against ascending carcinogenic agents, 
and prevention of endometrial and proximal fal-
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lopian tube ascent [78]. Tubal ligation has been 
shown to decrease the risk of ovarian cancer. 
Cibula and colleagues showed a decreased risk 
for epithelial OC by 34% though a risk reduction 
was also noted for endometrioid and serous vari-
ety and not mucinous OC [79].

The role of prophylactic oophorectomy in 
decreasing OC has been well established espe-
cially among high-risk women [80, 81]. This is 
discussed in detail in Chap. 20.

Hysterectomy has also been identified to 
reduce OC risk of endometrioid and clear cell 
type as is with tubal ligation [82, 83].

17.7  Conclusion

Ovarian cancer is one of the common cancers in 
women and the leading cause of mortality. 
Lifestyle modification with avoidance of occupa-
tional hazards and appropriate and timely pro-
phylaxis in high-risk women can go a long way in 
decreasing the risk and mortality associated with 
ovarian cancer. Promotion of breastfeeding for a 
minimum of 6 months, regular and consistent use 
of contraception, prescription of HRT to women 
who are in actual need of it, and, most impor-
tantly, monitoring of one’s own health will help 
prevent many more cases.

Key Points
• Ovarian cancer is one of the most commonly 

diagnosed cancers and the cancer-related 
cause of mortality among women.

• The highest rates have been recorded from the 
most developed nations probably because of 
the increased screening protocols.

• Early and increased use of oral contraceptives 
has contributed to declining rates observed in 
developed countries.

• In developing countries reduced parity, 
decreased physical activity, and a higher 
dietary saturated fat intake may be playing a 
crucial role in the increasing trends 
observed.

• Lifestyle modifications will play a definitive 
role in further decreasing the associated mor-
bidity and mortality.
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Role of Tumor Markers

Sarah Lynam and Shashikant Lele

18.1  Introduction

Tumor markers are substances or molecules pro-
duced by the body and found in blood, urine, or 
peripheral tissue that may be elevated in the pres-
ence of malignancy. Detectable levels of tumor 
markers can suggest presence of underlying 
pathology requiring further evaluation, provide 
insight into nature of disease, or monitor treat-
ment response in patients with cancer. Markers 
are in the form of enzymes, conjugated proteins, 
hormones, receptors, growth factors, or carbohy-
drates. Serum assays of these factors have been 
used in the management of ovarian, primary peri-
toneal, fallopian tube, uterine, cervical, and tro-
phoblastic neoplasms.

Cancer is the second leading cause of death 
globally and was responsible for 8.8 million 
deaths in 2015, and approximately 70% of 
deaths from cancer occur in low- and middle-
income countries. This is so because of lack of 
cancer awareness and inadequate screening 
facilities in developing countries leading to 
more women reporting at advanced stages of 
the disease [1]. The poor prognosis facing these 
women reinforces the need to identify patients 

at earlier stages of disease. World Health 
Organization guidelines for effective screening 
strategies include the ability to recognize dis-
eases in a manner acceptable for the population 
at large to prevent or mitigate early-stage con-
ditions when medical intervention may be more 
successful [2]. An ideal screening test would be 
sensitive in correctly identifying patients with 
disease and specific in ruling out unaffected 
individuals with a high positive predictive value 
(Table  18.1). The reliability of current serum 
marker-based strategies is limited by a lack of 
specificity to discrete pathology and can be 
affected by benign or malignant processes in 
multiple sites.

This chapter will discuss markers pertinent 
to assessment and management of benign and 
malignant gynecologic diseases. With thor-
ough medical assessment, a high index of sus-
picion, and judicious use of tumor markers, 
providers can potentially diagnose early-stage 
disease in patients with gynecologic 
pathology.
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Table 18.1 Characteristics of effective screening test

Disease status
Test result Present Absent
Positive a (true positive) b (false positive)
Negative c (false negative) d (true negative)

Sensitivity = a/a + c or true positive/all patients with dis-
ease—reflects ability to reliably diagnose disease if pres-
ent. Specificity  =  d/b  +  d or true negative/all patients 
without disease—ability to reliably exclude disease when 
it is not present in population
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18.2  Tumor Markers in Ovarian 
Malignancy

18.2.1  CA125

Cancer antigen 125 (CA125) is a 200 kD glyco-
protein encoded by the MUC16 gene (19p13.2) 
produced by coelomic epithelium during embry-
ologic development. This membrane-associated 
mucin contains extracellular highly glycosylated 
N-terminal, tandem repeat, and C-terminal 
domains with a cytoplasmic tail [3]. This marker 
was initially described in 1981 by Bast and col-
leagues whereby a murine monoclonal antibody, 
OC125, was found to bind multiple cell lines of 
epithelial ovarian carcinoma (EOC) [4]. Modern 
commercially available assays detect both OC125 
and M11 epitopes of CA125. To date, it serves as 
the single most commonly used biomarker in the 
diagnosis, management, and surveillance of ovar-
ian cancer. Serum CA125 elevations have also 
been reported in advanced-stage uterine and cer-
vical cancers.

CA125 is expressed by mesothelial cells in 
the pleura, pericardium, peritoneum, and ocular 
epithelia as well as tubal, endometrial, and 
endocervical tissues. Of note, pathologic analy-
sis of normal adult ovarian surface epithelium 
has not demonstrated expression of CA125 with 
the exception of inclusion cysts, areas of meta-
plastic change, and papillary excrescences [5]. 
Levels of CA125 may also be affected by benign 
gynecologic conditions including endometrio-
sis, pelvic inflammatory disease, and adenomy-
osis as well as cirrhosis, pulmonary disease, 
congestive heart failure, systemic lupus erythe-
matosus, inflammatory bowel diseases, and 
nongynecologic malignancy (Table  18.2). 
Physiologic increase in CA125 is seen during 
first trimester of pregnancy with reported levels 
as high as 550  U/mL, generally regressing to 
within normal limits over second and third tri-
mesters with slight increases in puerperium 
[10]. Marked elevations in CA125 >1000 U/mL 
are generally in association with ovarian can-
cers, and roughly 80% of patients with ovarian 
cancer will present with elevated levels of 
CA125.

Serum marker testing with CA125 primarily 
aids in evaluation of adnexal masses to distin-
guish patients at increased risk of malignancy. 
Given the widespread distribution of CA125  in 
various organ sites, a lack of both sensitivity for 
early-stage EOC and specificity in premeno-
pausal patients has deleteriously impacted its use 
as an independent screening test. A study of 888 
healthy donors with a median age of 34  years 
demonstrated 1% of individuals had CA125 lev-
els greater than 35 U/mL, establishing the univer-
sally accepted cutoff for normal values of this 
marker [11]. Lower reference values have been 
suggested in postmenopausal patients (26 U/mL) 

Table 18.2 CA125  in various disease sites (based on 
FIGO stage)

% with 
CA125 
>35 U/mL

Benign 
gynecologic 
disorders

Menstruation [6] 5.2
Ovarian cysts [7] 14
Endometriosis [7] 67
Pelvic inflammatory 
disease [7]

37

Leiomyomas [7] 26
Benign  
ovarian tumors

Serous epithelial  
tumors [7]

20

Mucinous epithelial 
tumors [7]

18

Germ cell tumors 
(mature teratoma) [7]

21

Sex cord stromal  
tumors (thecoma, 
fibrothecoma) [7]

52

Cystadenoma, 
cystadenofibroma, 
adenofibroma [7]

20

Serous epithelial  
tumors [7]

20

Mucinous epithelial 
tumors [7]

18

Ovarian cancer Stage I [8] 50
Stage II [8] 90
Stage III [8] 92.1
Stage IV [8] 93.9
All stages [8] 85.1

Systemic 
diseases

Congestive heart  
failure [9]

14.7

Lung disease [9] 18
Cirrhosis [8] 67.1
Acute pancreatitis [8] 32.2
Renal failure [8] 14.6
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with improved specificity in this population [12]. 
The sensitivity and specificity for prediction of 
ovarian cancer using CA125 are 50–74% and 
26–92%, respectively, in premenopausal women 
versus 69–87% and 81–100% in postmenopausal 
women [13]. Given the low prevalence of epithe-
lial ovarian cancers and risk of false-positive test-
ing leading to invasive diagnostic procedures, the 
United States Preventive Services Task Force 
advises against screening asymptomatic average- 
risk women using serum tumor markers or ultra-
sonography [14].

18.2.1.1  Benign Gynecological 
Conditions

The use of CA125 in nonmalignant gynecologic 
disease has historically been in the evaluation of 
endometriosis. Inflammation of peritoneal sur-
faces secondary to ectopic endometrial glandular 
tissue causing dysmenorrhea, dyspareunia, and 
subfertility is frequently associated with eleva-
tions in CA125. Pathologic confirmation of endo-
metriosis remains the gold standard of diagnosis 
for this disease. Serum elevations of CA125 
greater than 30 U/mL are suggestive of endome-
triosis in symptomatic patients thereby expedit-
ing time to diagnosis and treatment [15]. A 
meta-analysis of 3626 patients found a sensitivity 
of 52.4% with specificity of 92.7% for advanced 
endometriosis using this cutoff [15]. While 
marked elevations in CA125 are suggestive of the 
presence of endometriomas and deep infiltrative 
endometriosis, CA125 levels have not been 
shown to be an independent predictor of malig-
nant transformation to carcinoma of the ovary 
[16, 17]. Fluctuations of this marker with menses 
and ovulation may limit interpretation of 
CA125 in premenopausal women, but its role as 
a noninvasive tool in initial evaluation of patients 
with pelvic pain should be considered.

Association between CA125 and uterine 
pathology is mixed, particularly with respect to 
evaluation of leiomyoma. While some series have 
identified elevated CA125  in up to 26% of 
patients with uterine leiomyoma, these findings 
have been inconsistent between study popula-
tions [7, 18, 19]. Presence of lesions larger than 
5 cm or concomitant adenomyosis has been asso-

ciated with significantly higher levels of 
CA125  in patients with uterine fibroids [19]. 
While CA125 levels can be considered in initial 
evaluation of women with suspected adenomyo-
sis, diagnostic accuracy may be limited. 
Investigation has been performed in the role of 
CA125  in differentiation of leiomyoma from 
uterine sarcoma; however there has been no con-
sistent data to suggest a clear role of CA125 in 
differentiating these lesions [20, 21].

18.2.1.2  Ovarian Cancer Screening
Identification of effective screening for evalua-
tion of early-stage ovarian cancer in postmeno-
pausal women has been attempted through 
prospective analysis in several major trials, using 
a combination of transvaginal ultrasonography 
and CA125 in concurrent or sequential fashion. 
The Prostate, Lung, Colorectal and Ovarian 
Cancer Screening Trial (PLCO) randomized 
78,216 postmenopausal women to annual trans-
vaginal sonography screening with CA125 ver-
sus usual care over a median 12.4-year follow-up 
period [22]. Ovarian cancer was diagnosed in 
212 women in the intervention group compared 
to 176 in the usual care group, with no reduction 
in ovarian cancer mortality and a 15% surgical 
complication rate for women with a false-posi-
tive screening test [22]. In the larger UK 
Collaborative Trial of Ovarian Cancer Screening 
(UKCTOCS), 202,638 women were randomized 
to control, annual screening with sonography or 
multimodal screening with CA125 to stratify 
low-, intermediate-, and high-risk patients [23]. 
Women in multimodal screening received annual 
CA125 with subsequent transvaginal sonogra-
phy and reevaluation of CA125. Multimodal 
screening was more likely to detect ovarian can-
cer at an early stage with higher specificity com-
pared to controls with a statistically nonsignificant 
reduction in ovarian cancer mortality apparently 
only after 7–14 years of trial participation [23]. 
Further interim analysis is planned. At present, it 
remains unclear if the harms of screening using 
sonography with CA125 and subsequent false-
positive results leading to invasive surgical pro-
cedures outweigh the benefits of universal 
screening.
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18.2.1.3  Ovarian Cancer
The role of CA125 in identification and risk strat-
ification for women with adnexal masses con-
cerning for gynecologic malignancy cannot be 
understated. The risk of malignancy index (RMI), 
combining CA125 with ultrasound characteriza-
tion of adnexal masses as initially described by 
Jacobs et al., demonstrates a sensitivity of 85% 
and specificity of 97% in the detection of malig-
nancy for postmenopausal women [24]. 
Variations of this index remain central to preop-
erative evaluation of adnexal masses with RMI as 
one of the most validated models for prediction 
of gynecologic malignancy. Several prognostic 
models using a combination of serum tumor 
markers including CA125 and radiographic find-
ings have been developed for clinical use and are 
beyond the scope of this discussion. In addition 
to disease identification, CA125 is used for treat-
ment monitoring, surveillance, and detection of 
recurrent disease in patients with EOC.

The prognostic role of CA125 in patients with 
EOC has been well characterized in women with 
ovary-confined (stage I) disease. Preoperative 
CA125 >65  U/mL confers a 6.37-fold higher 
risk of death for women with stage I disease 
[25]. For women with advanced-stage EOC, 
CA125 levels greater than 500 U/mL were his-
torically associated with unsuccessful cytore-
duction. Critique of modern surgical techniques 
and implementation of neoadjuvant chemother-
apy for patients with advanced-stage disease 
have demonstrated limited role for preoperative 
CA125  in the prediction of surgical outcomes 
[26, 27]. The prognostic role of CA125  in 
patients with advanced-stage disease is largely 
reflected in perioperative changes in this tumor 
marker. Failure of CA125 levels to regress 
greater than 80% after primary surgery, includ-
ing patients with optimal resection, is strongly 
associated with increased risk of relapse and 
reduced disease-specific survival [28, 29].

Routine assessment of serum CA125 is cru-
cial to assess disease response in patients receiv-
ing active treatment as well as monitoring for 
disease recurrence in approximately 90% of 
patients who demonstrate elevations in this 
marker at time of diagnosis. Increase in serum 

CA125 levels precedes clinical evidence of dis-
ease recurrence by physical examination or imag-
ing in an estimated 80% of patients with ovarian 
cancer but should not be used as a sole indicator 
for recurrence [30]. Of note, treatment of recur-
rent disease at the time of increased CA125 prior 
to clinical or symptomatic relapse has not been 
shown to confer a survival benefit [31]. Patients 
should be thoroughly counseled regarding use 
and limitations of CA125 in surveillance of ovar-
ian and associated Müllerian malignancies.

18.2.1.4  Endometrial Cancer
Although the role of tumor markers in clinically 
evident uterine carcinomas is largely limited, 
CA125 has proven a useful tool in disease prog-
nosis. Elevations in this tumor marker have been 
well described in advanced and recurrent disease 
and found in 10–31% of patients [32–34]. For 
women with newly diagnosed endometrial can-
cer, preoperative CA125 levels greater than 65 U/
mL are associated with a 6.5-fold higher risk of 
extrauterine disease [32]. Correlation between 
CA125 and survival has also been demonstrated, 
as patients with a preoperative serum CA125 less 
than or equal to 28.5 U/mL have a significantly 
higher 5-year disease-free survival of 85.6% vs 
60% for women with levels above this threshold 
[35]. While CA125 may serve as a prognostic 
tool for endometrial cancers, its utility is largely 
supplemental to existing imaging techniques and 
surgical staging practices.

18.2.2  HE4

Overexpression of the human epididymis protein 
4 (HE4) has recently been identified in epithelial 
ovarian cancers and may represent a promising 
opportunity for earlier detection of gynecologic 
malignancy and disease recurrence. HE4 is 
among the four-disulfide core family of proteins, 
composed of two whey acidic protein domains 
encoded by the WFDC2 gene (20q12–13.1) and 
typically confined to urogenital and respiratory 
epithelia [36]. Similar to CA125, this protein has 
not been identified on immunohistochemical 
analysis of normal ovarian surface epithelium but 
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noted to have frequent overexpression within 
cortical inclusion cysts [36]. HE4 overexpression 
has been identified in 100% of endometrioid, 
93% of serous, and 50% of clear cell ovarian car-
cinomas but is not characteristically elevated in 
mucinous tumors [36]. Elevated circulating lev-
els of HE4 have been identified in women with 
ovarian carcinoma compared to controls as well 
as patients with endometrial, pulmonary, and 
breast carcinomas [37, 38].

HE4 interpretation is largely affected by 
patient menopausal status. An analysis of 1101 
healthy women and 67 pregnant women by 
Moore and colleagues established an HE4 thresh-
old of 89 pmol/L for premenopausal women and 
128  pmol/L for postmenopausal women using 
the 95th percentile as upper limit of normal [39]. 
Renal failure and advancing age after controlling 
for menopausal status are associated with an ele-
vated serum HE4 concentration while pregnancy 
significantly lowers levels [39]. Comparative 
analyses between HE4 and CA125 of patients 
with benign gynecologic processes have demon-
strated lower HE4 levels in pathologies usually 
associated with elevated CA125 [7, 40]. 
Endometriosis is associated with an elevated 
CA125  in 67% of pathologically confirmed 
cases compared to 3% for HE4, suggesting 
improved specificity of this marker in premeno-
pausal women [7]. A meta-analysis demonstrates 
a pooled sensitivity using HE4 for detection of 
borderline or invasive ovarian tumors of 75% 
(95% CI, 0.72–0.76) and pooled specificity of 
87% (95% CI, 0.85–0.89) [41]. Approximately 
58% of patients with stage I–II EOC will have 
elevated serum levels of HE4 >140 pmol/L com-
pared to 75.2% of all patients with ovarian malig-
nancy [40].

Given the limitations of CA125 in evaluation 
of adnexal masses, combined serum testing using 
CA125 and HE4 to improve accurate detection of 
early-stage disease has been investigated. Among 
233 patients undergoing surgical management 
for adnexal masses with preoperative CA125, 
HE4, inhibin, epidermal growth factor, and addi-
tional investigational markers, combined CA125 
and HE4 demonstrated highest sensitivity of 
76.4% (specificity 95%) for ovarian cancer detec-

tion [42]. These findings were not supported in a 
larger analysis conducted by Partheen and col-
leagues; however further evidence has reinforced 
improved sensitivity and specificity of HE4 par-
ticularly when combined with CA125 [43–46].

Several clinical algorithms using HE4 in com-
bination with other tumor markers have been 
investigated to stratify patients at increased risk 
of malignancy with pelvic masses. The risk of 
ovarian malignancy algorithm (ROMA) incorpo-
rates CA125 and HE4 with menopausal status to 
triage low-risk versus high-risk adnexal masses 
with a predicted probability of ovarian cancer 
ranging from 0 to 100% [47]. Among a cohort of 
531 women, ROMA preoperatively classified 
93.8% of cases of epithelial ovarian cancer as 
high risk with a sensitivity of 92.3% (95% CI, 
85.9–96.4) and specificity of 75% (95% CI, 
66.9–81.4) in postmenopausal patients [47]. 
Subsequent prospective analysis of ROMA did 
not demonstrate increased detection of ovarian 
malignancy when compared to CA125 or HE4 
alone [48]. The clinical impact of these testing 
strategies on improved detection of early-stage 
EOC remains to be elucidated, but evaluation of 
HE4 may be considered for the differential diag-
nosis of pelvic masses for postmenopausal 
women.

HE4 has additionally served a prognostic role 
in patients with ovarian cancer and may be used 
to detect disease recurrence. Marked elevations 
in serum HE4 levels in patients with newly diag-
nosed ovarian cancer have been associated with 
higher volume of residual disease after cytore-
ductive surgery as well as shorter progression- 
free and overall survival, serving as independent 
risk factor for poor prognosis [49, 50]. For 
patients that achieve disease remission, monitor-
ing with regular clinical examination and serum 
assessment with CA125 levels is standard of 
care. Evaluations into the incorporation of HE4 
into disease surveillance have demonstrated a 
lead time of 4.5–8 months prior to disease recur-
rence in patients with ovarian cancer using HE4, 
generally in advance of rising serum concentra-
tions of CA125 [51, 52].

Further investigational roles for HE4 include 
evaluation of patients with endometrial cancer as 
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well as differentiation of gastrointestinal carcino-
mas. While a majority of patients with endometrial 
cancer will present with abnormal uterine bleed-
ing, upregulation in HE4 has been identified in 
women with early-stage endometrial cancer com-
pared to benign uterine disease with correlation to 
depth of myometrial invasion and tumor size [53, 
54]. HE4 may additionally aid in differentiation 
between advanced-stage EOC and ovarian metas-
tases of gastrointestinal carcinomas. Cytologic 
assessment of patients presenting with malignant 
ascites secondary to adenocarcinoma of Müllerian 
or gastrointestinal origin has demonstrated HE4 
positivity in 100% of patients with high-grade 
serous ovarian carcinoma versus 25 and 21% for 
gastric and colorectal cancers, respectively [55].

18.2.3  Alpha-Fetoprotein

Alpha-fetoprotein (AFP) is an oncofetal protein 
produced by the fetal yolk sac, liver, and gastro-
intestinal tract with structural similarity to albu-
min. AFP reaches peak serum concentration in 
the fetus at 12 weeks gestation and nadir during 
infancy. Serum levels are elevated in pregnancy 
as well as in patients with liver disease and gas-
tric, pancreatic, or colon cancers. Elevations in 
AFP attributed to gynecologic malignancy are 
characteristically associated with malignant germ 
cell tumors of the ovary, particularly endodermal 
sinus or yolk sac tumors where 90–100% of 
patients express this marker (Table 18.3) [56, 57]. 
High levels of AFP have also been identified in 
approximately 20% of immature teratomas and 

10% of embryonal carcinomas. Pretreatment ele-
vation in serum levels of AFP and hCG has been 
shown to be a significant predictor of overall sur-
vival in patients with malignant germ cell tumors 
of the ovary, and posttreatment surveillance sug-
gests AFP may be used as a reliable indicator of 
disease recurrence [58, 59].

18.2.4  Human Chorionic 
Gonadotropin

Produced by the syncytiotrophoblast in preg-
nancy, human chorionic gonadotropin (hCG) is a 
heterodimeric glycoprotein with alpha- and 
beta- subunits. While the alpha-subunit shares 
homology with luteinizing hormone, follicle-
stimulating hormone, and thyroid-stimulating 
hormone, the beta-subunit is unique to hCG and 
degrades into a beta-core fragment detectable in 
urine assays. Elevations in hCG are alpha char-
acteristically seen in pregnancy, as well as hypo-
thalamic hypogonadism and gynecologic 
malignancy. hCG primarily serves as a tumor 
marker for patients with gestational trophoblas-
tic disease, where aberrant expression of hyper-
glycosylated hCG arising from abnormal 
proliferation of placental trophoblasts promotes 
growth and invasion of malignant cells [60]. 
Current staging criteria for patients with gesta-
tional trophoblastic disease incorporate serum 
hCG levels in risk assessment to guide treatment 
planning [61]. Continued monitoring of serum 
quantitative hCG at regular intervals after com-
pletion of therapy is crucial to detection of per-
sistent or recurrent disease.

Elevated serum hCG can be detected in 
patients with malignant germ cell tumors includ-
ing non-gestational choriocarcinoma, embryonal 
carcinomas, and occasionally endodermal sinus 
tumors, with roughly half of patients with stage 
IC to IV disease expressing this marker [56, 58]. 
Serum beta-hCG or urinary beta-core fragment 
has been detected in 68% of ovarian, 51% of 
endometrial, and 46% of cervical malignancies 
where it is thought to act as a growth factor or in 
autocrine fashion to promote angiogenesis and is 
associated with poorer disease prognosis [62].

Table 18.3 Tumor marker expression in ovarian germ 
cell tumorsa

CA125 AFP hCG LDH
Dysgerminoma − − ± ++
Endodermal sinus tumor 
(yolk sac tumor)

− ++ ± +

Choriocarcinoma − − ++ ±
Embryonal carcinoma − ± + −
Immature teratoma + + − ±

AFP alpha-fetoprotein, hCG human chorionic gonadotro-
phin, LDH lactate dehydrogenase
aAdapted from [56]
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18.2.5  Lactate Dehydrogenase

Lactate dehydrogenase (LDH) is a glycolytic 
enzyme used in conversion of pyruvate to lactate 
that is often elevated in patients with dysgermi-
noma of the ovary as well as other disease sites. 
Multiple isoforms of this enzyme have been iden-
tified although greater elevations in LDH1 and 
LDH2 have been noted in patients with dysger-
minomas [63]. Investigations into changes in 
LDH concentration at time of treatment and dis-
ease recurrence suggest that this marker can be 
effective in surveillance of patients after primary 
treatment of dysgerminoma, particularly given 
the paucity of AFP and hCG expression in this 
tumor type [64, 65].

18.2.6  Inhibin

Inhibin is a heterodimeric peptide hormone pro-
duced by granulosa cells of the ovary, acting as an 
inhibitory signal to prevent secretion of follicle- 
stimulating hormone from the anterior pituitary 
gland as well as a paracrine factor regulating fol-
liculogenesis. Expressed with a common alpha-
subunit with one of two beta-subunits giving rise to 
inhibin A and inhibin B isoforms, serum concentra-
tion of inhibins A and B varies throughout the men-
strual cycle in reproductive- aged women [66]. 
Granulosa cell tumors of the ovary, even when ste-
roidogenically inactive and lacking estradiol pro-
duction, are associated with an elevated serum 
concentration of inhibin [67]. Inhibin levels may be 
elevated in postmenopausal women with mucinous 
epithelial cancers, while high preoperative serum 
concentrations serve as an independent risk factor 
for survival in women with EOC [68, 69].

Prolonged surveillance of patients with ovar-
ian granulosa cell tumor is essential given an 
extended median time to disease recurrence of 
approximately 4.4  years with roughly half of 
recurrences occurring greater than 5 years from 
initial diagnosis [70]. Inhibin B has been estab-
lished as the superior isoform with respect to 
reflection of disease burden as well as detection 
of recurrence, which may be identified 
11.5 months prior to clinical evidence of disease 

recurrence [71, 72]. Measurement of anti- 
Müllerian hormone (AMH), an inhibitory protein 
also produced by granulosa cells of the ovary in 
conjunction with inhibin B levels in diagnosis 
and surveillance of patients with granulosa cell 
tumors, has been proposed with promising results 
[73].

18.2.7  Carcinoembryonic Antigen

Carcinoembryonic antigen (CEA) is an oncofetal 
protein produced by the gastrointestinal system 
during organogenesis and isolated in small 
amounts on the luminal side of normal epithelial 
intestinal cells in the adult colon. This glycopro-
tein family is involved in cell adhesion, innate 
immunity, and signal transduction pathways of 
the gastrointestinal tract [74]. CEA was origi-
nally described in 1965 by Gold and Freedman as 
a serum marker produced in large quantities by 
carcinoma of the pancreas and colon and is the 
most commonly elevated marker in colorectal 
cancers [75]. Current management practices for 
colorectal cancers include baseline determination 
of serum CEA with surveillance levels every 
3–6  months after completion of therapy [76]. 
Borderline elevations in this marker can be seen 
in patients with inflammatory bowel disease, cir-
rhosis, pancreatitis, and chronic obstructive pul-
monary disease as well as heavy tobacco use.

CEA also has clinical utility in evaluation of 
adnexal masses. Elevations in CEA have been 
demonstrated in 25–50% of women with EOC, 
particularly in mucinous carcinomas with as 
many as 88% demonstrating serum CEA levels 
greater than 5  ng/mL [77–79]. Patients with 
mucinous histology and abnormal elevations in 
CEA may achieve better disease surveillance and 
detection of recurrence with serial detection of 
CEA in lieu of CA125. Mucinous borderline 
ovarian tumors and Brenner tumors of the ovary 
are also associated with abnormal elevations in 
CEA. Preoperative elevations in this marker can 
be identified in 11–33% of women with muci-
nous borderline ovarian tumors and have been 
described in up to 80% of patients with Brenner 
tumors [80–82].
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Risk of ovarian metastasis from primary gas-
trointestinal tumors must also be considered, as 
6–9% of ovarian malignancies represent metas-
tasis from primary breast or gastrointestinal dis-
ease sites [83]. Women undergoing primary 
surgical treatment for colorectal cancer will 
have ovarian metastasis demonstrated in 3.6–
7.4% of patients [84]. Findings that are more 
suggestive of nongynecologic metastasis 
include younger, premenopausal patients with 
bilateral adnexal masses with a CA125:CEA 
ratio less than 25. While serum CEA levels may 
aid in the differentiation between primary ovar-
ian carcinoma and ovarian metastases of gastro-
intestinal origin, patterns of CEA expression in 
benign and malignant gynecologic processes 
must be considered.

In addition to evaluation of adnexal masses, 
the use of CEA as a tumor marker in adenocarci-
noma of the cervix has been reported but with 
limited clinical application. An estimated 48% of 
patients will have increase in serum CEA con-
centrations in comparison to 71% of patients 
with elevated CA125 suggesting the latter could 
be considered in disease surveillance [85].

18.2.8  Carbohydrate Antigen 19-9

An additional marker initially isolated in patients 
with colorectal and pancreatic carcinomas is car-
bohydrate antigen 19-9 (CA19-9) [86]. Further 
investigation of this carbohydrate antigen, also 
identified as a sialylated Lewis blood group anti-
gen, demonstrated elevated serum concentrations 
>37  U/mL are associated with gastrointestinal 
and pancreatic cancer [87]. Increased levels of 
CA19-9 may also be seen in pancreatitis, cirrho-
sis, and biliary tract diseases. This antigen was 
later identified in epithelia of the Müllerian tract, 
thereby establishing the role of CA19-9 in evalu-
ation in gynecologic diseases [88].

CA19-9 expression has been identified in sev-
eral benign gynecologic processes. In evaluation 
of women with pelvic pain, CA19-9 has served as 
a useful marker in identification of endometriosis 
and has demonstrated positive correlation with 
advanced stages of disease [89]. CA19-9 gener-

ally is not elevated in cases where uterine leio-
myoma or adenomyosis has been identified 
unlike CA125 [90]. Retrospective analysis of 
women with mature germ cell teratoma of the 
ovary identified abnormal elevations in CA19-9 
for 37% of patients; however no correlation with 
presence of squamous cell carcinoma in final 
pathology has been established [91]. Patients 
with invasive EOC of the ovary demonstrate 
histology- specific patterns similar to CEA with 
propensity for elevated serum levels in mucinous 
carcinomas. While serum CA19-9 is elevated in 
17% of all patients with invasive ovarian carci-
noma, 45–52% of patients with borderline serous 
and mucinous tumors will have abnormally high 
levels of this marker [80, 81].

18.3  Conclusion

With a multitude of serum assays and commer-
cially available combination biomarker panels, 
the search for an ideal tumor marker in gyneco-
logic disease is ongoing. The Cancer Genome 
Atlas (TCGA) and comprehensive genomic anal-
ysis of ovarian, endometrial, and cervical cancers 
has done much for the understanding of the 
molecular basis of these diseases; however cor-
relation to readily identifiable sensitive and spe-
cific biomarker testing is lacking. Growing 
investigation into elevated circulating microR-
NAs and their potential role in regulation of 
oncogenes and tumor-suppressor genes in epithe-
lial ovarian cancer has demonstrated with pro-
spective validation pending [92, 93]. Cell-free 
DNA has also been identified as a potential target 
for screening as aberrant mutations or methyla-
tion patterns of normal cellular and tumor-derived 
DNA have been identified in gynecologic cancers 
via serologic or liquid-based cytologic testing 
[94]. To date, no single marker has demonstrated 
greater clinical value or consistency than CA125. 
With incorporation of newer techniques stem-
ming from better understanding of molecular 
basis of gynecologic diseases, earlier detection 
through less invasive testing methods with 
improved disease survival may soon be 
accomplished.
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Key Points
• Serum tumor markers have a pivotal role in 

the screening, differential diagnosis, risk strat-
ification, management, and surveillance of 
gynecologic diseases.

• Ideal screening tests, including use of serum 
biomarkers, have high sensitivity and high spec-
ificity to correctly identify patients with disease 
and minimize risk of false-positive results that 
may prompt invasive medical intervention.

• CA125 can be used to identify symptomatic 
patients with an adnexal mass at increased risk 
of malignancy but may be artificially elevated 
by benign gynecologic conditions or medical 
comorbidities.

• Treatment response and disease surveillance 
in patients with epithelial ovarian cancers is 
primarily accomplished by serial assessment 
of CA125.

• HE4 has demonstrated high sensitivity and 
specificity for diagnoses of ovarian carci-
noma, particularly in combination with serum 
CA125 assessment.

• Presence and surveillance of germ cell tumors 
of the ovary may be achieved by serum assess-
ment of AFP, hCG, and LDH.

• Carcinoembryonic antigen and CA19-9 are 
primary gastrointestinal tumor markers that 
can help differentiate metastatic disease to the 
ovary but may also be elevated by borderline 
ovarian pathology and endometriosis.

• MicroRNAs and cell-free DNA may serve as 
potential targets for new tumor markers that 
can aid in detection of gynecologic diseases.

• No perfect serum tumor marker has been identi-
fied, and use of tumor markers alone or in con-
junction with imaging or combined panel 
screening requires a comprehensive understand-
ing of processes that lead to spurious results.
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Screening for Ovarian Cancer

Angelito Magno

19.1  Introduction

There were 239,000 new cases of ovarian cancer and 
152,000 deaths from the disease reported worldwide 
in 2013 [1] with highest rates seen in North America 
and Eastern and Central Europe with rates of more 
than 8 per 100,000. In China, the incidence rate 
showed an ascending trend from 2000 to 2013 with 
1.4% annual percentage change. In 2015, 52,000 
new cases of ovarian cancer and 22,500 cancer 
deaths were estimated to occur in China [2].

The lifetime risk of a woman to develop ovar-
ian cancer is 1 in 75 and the risk of death from the 
disease is 1 in 100. There is only a 2–4% increase 
in survival rate from 1995 to present even with 
the advancements in diagnosis and management 
of ovarian cancer. The overall survival rate of 
ovarian cancer is 30–40% with 29% of cases 
diagnosed late [2, 3]. Risk factors for ovarian 
cancer include family history of breast or ovarian 
cancer [4], infertility, history of endometriosis, 
obesity, smoking (for mucinous type) [5], and 
high-fat diet [6]. Early age of menarche and late 
menopause, use of hormonal replacement ther-
apy, asbestos and talc exposure, alcohol con-
sumption, and smoking (for other types) have 
inconsistent data on the risk of ovarian cancer. 

Lactation [7], tubal ligation [8], and oral contra-
ceptive pills confer protection against ovarian 
cancer. Aspirin, nonsteroidal anti-inflammatory 
drugs (NSAIDs) [7], and metformin [5] also give 
protection against ovarian cancer, but more stud-
ies are needed to establish the risk reduction.

Majority of ovarian cancers have epithelial his-
tology with more than 90% of cases followed by 
sex cord-stromal tumors and germ cell tumors. A 
huge amount of studies have focused on genetic, 
diagnosis, and management of epithelial ovarian 
cancer. A new concept of classification of epithelial 
ovarian cancer divides all epithelial histologic sub-
types into two types, Type 1 and Type 2. Type 1 
ovarian cancer is a group of ovarian malignancies 
where the precursor lesions in the ovary have been 
identified. This includes mucinous, endometrioid, 
low-grade serous, clear cell, and transitional carci-
nomas. Type 2 ovarian cancers, which comprise of 
high-grade serous carcinomas, undifferentiated 
carcinomas, and carcinosarcomas, are malignan-
cies where in the precursor lesions have not been 
yet described and tumors may arise from tubal and/
or ovarian surface and/or peritoneal lining [9].

19.2  Ovarian Cancer Screening 
for General Population

The Prostate, Lung, Colorectal and Ovarian 
(PLCO) cancer screening trial compared the 
annual ovarian cancer screening using ultrasound 
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and CA-125 versus the usual care among healthy 
population (1993–2001) [10]. Of the 39,115 indi-
viduals randomized to receive screening, only 29 
neoplasms were identified, 20 of which were 
invasive. The positive predictive value for inva-
sive cancer was 3.7% for abnormal CA-125, 
1.0% for abnormal TVU, and 23.5% if both tests 
are abnormal. The initial report of the study in 
2005 recommended long-term follow-up to 
determine the effect on mortality of ovarian can-
cer. In 2011, after a median follow-up of 
12.4 years (range 10.9–13 years), the PLCO trial 
did not show reduction in mortality among indi-
viduals who have undergone screening with 
CA-125 and TVU compared to usual care [11]. In 
addition, the ovarian cancer screening modalities 
provided high false-positive results (n  =  3285) 
leading to unnecessary surgeries in 1080 subjects 
with at least 1 serious complication in 15% of 
subjects. An extended follow-up study on the 
PLCO subjects with median follow-up period of 
14.7 years (maximum 19.3 years) was reported in 
2016 [12]. Out of more than 78, 200 subjects, 
there were 363 deaths (187 from intervention 
group, screening with TVU and CA-125, and 176 
from usual care group) from ovarian cancer for a 
risk ratio of 1.06. Risk ratios were similar accord-
ing to length of study years: 0–7 (RR  =  10.4), 
7–14 (RR  =  1.06), and 14+ (RR  =  1.09). This 
extended follow-up study did not show mortality 
benefit of ovarian cancer screening. The US 
Preventive Services Task Force recommends 
against screening for ovarian cancer in general 
population with D recommendation [13].

Another landmark trial on ovarian cancer 
screening is the United Kingdom Collaborative 
Trial of Ovarian Cancer Screening (UKCTOCS) 
[14]. A total of 202,546 women were randomly 
allocated to annual multimodal screening 
(MMS) using serum CA-125 with use of ROCA 
and annual transvaginal screening (USS) and no 
screening and analyzed. There were a total of 
1282 confirmed ovarian cancer cases 
(MMS  =  338, USS  =  314, and no screen-
ing = 630), 649 of which died of ovarian cancer 
(MMS  =  148, USS  =  154, and no screen-
ing  =  347). The mortality reduction within 
0–14 years using the primary Cox analysis was 

not significant with 11% (−7 to 27; p = 0.21) in 
the USS group and 15% (95% CI −3 to 30; 
p = 0.10) in the MMS group. However, on a sec-
ondary analysis excluding prevalent cases (those 
women with ovarian cancer cases before screen-
ing starts), the mortality reduction for MMS was 
significant [(p = 0.021, 95% CI −2 to 40; 0–7 
years after screening = 8% (−27 to 43) and 7–14 
years after screening = 28% (−3 to 49)]. This 
trial showed the delayed mortality reduction 
after 7  years from screening using TVU and 
serum CA-125. The summary of PLCO and 
UKCTOCS trials is in Table 19.1.

19.3  Ovarian Cancer Screening 
for Women with Increased 
Risk

Women with increased risk of developing ovarian 
cancer include those with (1) familial genetic 
mutation like BRCA 1 and 2 mutation and Lynch 
syndrome and (2) family history of ovarian 
cancer.

BRCA 1 and 2 mutation carriers have 11–62% 
lifetime risk of developing ovarian cancer, 
whereas patients with hereditary nonpolyposis 
colorectal cancer (HNPCC or Lynch syndrome) 
have 10–15% risk [15, 16]. Germline mutation of 
BRCA 1 and 2 accounts for 5–10% of all ovarian 
malignancy in the United States, mostly the 
serous or high-grade histology, which has poor 
prognosis. Individuals with multiple first- or 
second- degree blood relatives with ovarian and/
or breast cancers are considered high risk for 
developing the disease.

A group from Massachusetts General Hospital 
reported a study on the use of Risk of Ovarian 
Cancer Algorithm (ROCA) with frequent Ca-125 
testing in women with increased familial/genetic 
risk [17]. A new approach on detection of early 
ovarian cancer among high-risk women includes 
(1) personalized screening by identifying each 
woman’s baseline Ca-125 and detecting signifi-
cant rises above the Ca125 baseline, (2) more fre-
quent Ca-125 testing, and (3) transvaginal 
ultrasound (TVU) only when significant rises in 
Ca-125 are reached. Ca-125 tests every 3 months 
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were done in 3449 increased familial/genetic risk 
individuals. ROCA was calculated in every 
patient with their age and menopausal status and 
triaged as normal risk (if <1% ROCA), interme-
diate risk (1–10% ROCA), and elevated risk 
(>10% ROCA). Transvaginal ultrasound was 
added to Ca-125 testing to all intermediate-risk 
individuals, and additional gynecologic oncolo-
gist referral was done to all elevated-risk indi-
viduals. There were only 19 cases of ovarian 
cancer detected in this study, 6 of which were 
diagnosed by long-term screening program (inci-
dent cases) and 9 by risk-reducing salpingo-
oophorectomy and 4 were prevalent cases (ROCA 
screen-detected and positive by >35 U/ml rule). 
Of the 6 incident cases, 3 patients were detected 
to have ovarian cancer by ROCA even before 
Ca-125 levels exceed 35  U/ml threshold. 

Although larger study population is needed, the 
group recommended the use of ROCA every 
3 months for better early-stage sensitivity at high 
specificity and acceptable positive predictive 
value compared to Ca-125  >  35  U/ml every 
6–12 months.

Another approach for BRCA 1 and 2 mutation 
carriers is the risk-reducing salpingo- 
oophorectomy (RRSO). Due to the absence of 
reliable screening methods for ovarian cancer, 
the National Comprehensive Cancer Network 
(NCCN) recommended RRSO after childbearing 
in increased-risk women [16]. Studies have 
shown reduction of BRCA 1- and 2-associated 
ovarian cancer by 80–85% [18, 19]. In a study by 
Mourits et al., there is a 96% detection of ovarian 
cancer among women with BRCA 1 or 2 muta-
tion (hazard ratio, 0.21; 95% CI, 0.12–0.39) [20]. 

Table 19.1 Summary of PLCO and UKCTOCS trial

The Prostate, Lung, Colorectal and 
Ovarian (PLCO) cancer screening trial 
[11]

UK Collaborative Trial of Ovarian Cancer 
Screening (UKCTOCS) [14]

Date of accrual 1993–2001 2001–2005
Study design Randomized controlled trial Randomized controlled trial
Place United States (10 screening centers) United Kingdom (13 centers in National Health 

Service Trusts in England, Wales, and Northern 
Ireland)

Age group 55–74 years 50–74 years
Control arm Usual care No screening
Intervention arm Annual screening with CA-125 and 

TVU
Two arms:
1. Annual TVU screening (USS)
2. Multimodal screening (MMS) (Annual CA-125, 
ROCA with TVU)

Number of 
participants

39,105 (intervention group)
39,111 (control group)

USS: 50,623
MMS: 50,624
No screening: 101,299

Primary outcome: 
Effect on mortality

Intervention: 118 deaths from ovarian 
cancer (3.1 per 10,000 person-years)
Control group: 100 deaths (2.6 per 
10,000 person-years)
no statistically significant difference

Primary analysis: Mortality reduction, 0–14 years
USS = 11% (−7 to 27; p = 0.21)
MMS = 15% (95% CI −3 to 30; p = 0.10)
no statistically significant difference
Secondary analysis: Mortality reduction with 
prevalent cases excluded
MMS
0–14 years: 20% (95% CI −2 to 40, p = 0.021)
0–7 years = 8% (−27 to 43)
7–14 years = 28% (−3 to 49)

Secondary outcome: 
Ovarian cancer 
incidence

Intervention: 212 women (5.7 per 
10,000 person-years)
Control: 176 (4.7 per 10,000 
person-years)

Complication 15% (163/1080) who underwent 
surgery had at least 1 complication
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For women who did not undergo ovarian cancer 
risk-reducing surgery, it is recommended to have 
concurrent transvaginal ultrasound and CA-125 
testing every 6 months although newer approach 
supports for more frequent tumor marker deter-
mination (q3 months) starting at age 35 years or 
5–10  years earlier than the earliest age of first 
diagnosis of ovarian cancer in the family [16].

19.4  Risk Assessment in Adnexal 
Masses

Ovarian masses are a common condition encoun-
tered by obstetrician-gynecologists. Most com-
monly, these masses are incidentally detected on 
routine physical examination or by ultrasound for 
other purposes. However, some patients consult 
for non-specific symptoms like pain and abdomi-
nal enlargement. Aside from the absence of effec-
tive screening test for ovarian cancer, absence of 
specific signs and symptoms contribute to its late 
diagnosis and poor prognosis. The role of 
obstetrician- gynecologists is to determine if the 
ovarian mass is benign or malignant to prevent 
delay in the management and increase the disease 
prognosis.

19.4.1  Symptoms and Physical 
Examination

A systematic review by Ebell et al. [21] on symp-
toms associated with ovarian cancer included 17 
case-control and cohort studies for analysis. 
Symptoms with highest positive likelihood ratios 
(LR+) include presence of abdominal mass 
(LR+30), abdominal distention or increased girth 
(LR+16), abdominal or pelvic pain (LR+10.4), 
abdominal or pelvic bloating (LR+9.3), loss of 
appetite (LR+9.2), and family history of ovarian 
cancer (LR+7.51) with high specificity (range 
95–99%) but modest sensitivity for ovarian can-
cer. Age of >50  years, bowel symptoms, and 
weight loss only have moderate LR+ (<7). No 
symptom had a LR of less than 0.5 indicating 
very little value of ruling out ovarian cancer when 
the symptom is absent. Goeff and his group 

developed the Ovarian Cancer Symptom Index 
(OCSI), a scoring system of symptoms for a 
period of time. Presence of any of six symptoms 
(abdominal or pelvic pain, increased abdominal 
size or bloating, and feeling full or difficulty eat-
ing) for less than 1 year and occurring for more 
than 12 times per month is considered positive. 
Combining all studies that use the OCSI gives a 
LR+ of 9. This systematic review relied heavily 
on case-control and cohort studies which are at 
risk of biases (i.e., recall bias). Another system-
atic review was done to determine the accuracy 
of pelvic examination as a screening test for ovar-
ian cancer and to distinguish benign from malig-
nant ovarian tumor [22]. Eight studies with 
36,599 asymptomatic women and 7 studies with 
782 symptomatic women were included in the 
study analysis. The sensitivity and specificity of 
bimanual examination as screening test for ovar-
ian cancer were 0.44 (95% CI1/40.32, 0.57) and 
0.98 (95% CI1/40.97, 0.99), respectively. The 
positive and negative likelihood ratios were 24.7 
(95% CI1/415.8, 37) and 0.57 (95% CI1/40.45, 
0.72). This result translates to an increased likeli-
hood of an abnormal pelvic examination to be 
associated with ovarian cancer, but a negative 
pelvic examination cannot rule out an ovarian 
malignancy. With significant heterogeneity in the 
sensitivity (0.43–0.93), specificity (0.53–0.91), 
and negative likelihood ratio (0.12–0.62) of stud-
ies included, the author concluded that pelvic 
examination is an unreliable test to differentiate 
benign ovarian mass from malignant lesions.

19.4.2  Imaging Studies

With symptoms and pelvic examination giving 
inconclusive results in determining whether an 
ovarian tumor is benign or malignant, imaging 
studies aim to help distinguish the two. The 
International Ovarian Tumor Analysis (IOTA) 
group has been working on algorithms to calcu-
late risk of malignancy for adnexal masses based 
on clinical and ultrasound findings. Four algo-
rithms, Simple Rules, Logistic Regression (LR) 
1, Logistic Regression (LR) 2, and ADNEX, 
were developed.
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The IOTA Simple Rule relies solely on sono-
graphic descriptions of ovarian masses. It has 
benign (B) features (unilocular cyst, presence of 
solid component of maximum diameter of only 
7  mm, presence of acoustic shadows, smooth 
multilocular tumor with largest diameter of 
<100 mm, and no blood flow on Doppler study) 
and malignant (M) features (irregular solid tumor, 
presence of ascites, >4 papillary structures, irreg-
ular multilocular solid tumor with largest diame-
ter of >100  mm, and increased blood flow on 
Doppler study) [23]. Presence of one or more 
M-features in the absence of any B-feature classi-
fied the mass as malignant and warrants gyneco-
logic oncology referral. Presence of one or more 
B-features in the absence of any M-feature classi-
fied the mass a benign thus conservative manage-
ment by a general gynecologist is an option. But if 
both B and M-features are present, IOTA finding 
is inconclusive and warrants referral to an expert 
sonographer or further evaluation of the tumor. 
Using this strategy, the reported sensitivity is 
95%, specificity 91%, LR+ 10.37, and LR− 0.06. 
The Royal College of Obstetricians and 
Gynecologists (RCOG) and American College of 
Obstetricians and Gynecologists (ACOG) recom-
mended the use of IOTA Simple Rules [24, 25]. 
The IOTA Simple Rules is easy to use without the 
need for calculation; however its limitations, aside 
from being sonographer- dependent, is the absence 
of estimated risk of malignancy (in %) and pres-
ence of inconclusive result.

The IOTA group also developed two Logistic 
Regression models to calculate % risk of malig-
nancy using both clinical and ultrasound findings 
[26].

Logistic Regression 1 (LR1) uses 12 variables 
to calculate the malignant probability. These 
include:

 1. Personal history of ovarian cancer (yes = 1, 
no = 0)

 2. Age of patient (in years)
 3. Current hormonal therapy use (yes  =  1, 

no = 0)
 4. Presence of ascites (yes = 1, no = 0)
 5. Presence of papillations with detectable 

blood flow (yes = 1, no = 0)

 6. Maximal diameter of largest solid compo-
nent (in mm)

 7. Irregular cyst wall (yes = 1, no = 0)
 8. Presence of acoustic shadowing (yes  =  1, 

no = 0)
 9. Maximum diameter of lesion (in mm)
 10. Intratumor color Doppler flow (no flow = 1, 

minimal = 2, moderate = 3, strong = 4)
 11. Presence of abdominal pain during examina-

tion (yes = 1, no = 0)
 12. Presence of solid tumor (yes = 1, no = 0)

The probability of malignancy can be com-
puted using the equation y  =  1/(1+ e-z), where 
z = −6.7468 + 1.5985 (1) − 0.9983 (2) + 0.0326 
(3)  +  0.00841 (4)  −  0.8577 (5)  +  1.5513 
(6)  +  1.1737 (7)  +  0.9281 (8)  +  0.0496 
(9) + 1.1421 (10) − 2.3550 (11) + 0.4916 (12), 
and e is the mathematical constant and base value 
of natural logarithms.

The Logistic Regression 2 (LR2) is a simplified 
LR model using six variables. These variables 
include (1) age of the patient (in years), (2) pres-
ence of ascites (yes = 1, no = 0), (3) presence of 
papillations with blood flow (yes = 1, no = 0), (4) 
maximal diameter of largest solid component (in 
mm), (5) irregular cyst wall (yes = 1, no = 0), and 
(6) presence of acoustic shadows (yes = 1, no = 0). 
At a cutoff probability of 10% malignancy, the 
sensitivity and specificity of M1 and M2 are 92.7% 
and 74.3% and 89.9% and 70.7%, respectively.

Lastly, the Assessment of Different Neoplasias 
in the adnexa (ADNEX) model was developed 
using nine parameters, including:

 1. Age of the patient (in years)
 2. Presence of oncologic referral center
 3. Maximal diameter of the lesion (in mm)
 4. Maximal diameter of the largest solid part 

(in mm)
 5. Presence of more than ten locules
 6. Presence of acoustic shadow
 7. Presence of ascites
 8. Number of papillary projections
 9. CA-125 value (U/ml)

The ADNEX model detects probability of 
malignancy in all five main categories, namely, 
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benign, borderline tumor, stage I malignant dis-
ease, stage II–IV malignant disease, and meta-
static disease. Froyman et al. [27] compared the 
ADNEX and Simple Rule Risk (SRR/Logistic 
Regression) models for the diagnosis of early- 
stage ovarian cancer. Using the 1% risk threshold 
at 95% CI, the sensitivity of ADNEX and SRR is 
100% (98.4–100%) and specificity of 19.4% 
(17.4–21.5%) and 38% (35.5–40.6%), respec-
tively. Using 30% risk malignancy threshold, the 
sensitivity and specificity of ADNEX and SRR 
are 84.5% (80.5–89.6%) and 84.5% (82.6–
86.3%) and 88.3% (83.5–91.8%) and 81.1% 
(79.0–83%), respectively. This study shows that 
both ADNEX and SRR strategies have good abil-
ity to discriminate between stage I–II ovarian 
cancer and benign adnexal lesion prior to 
surgery.

Manegold-Brauer reviewed different imaging 
modalities in characterizing adnexal masses. 
Magnetic resonance imaging (MRI) is a reliable 
diagnostic tool for diagnosis of adnexal masses 
and for tumor staging. Benign MR feature 
includes high-signal intensity on T1-weighted 
images and low-signal intensity on T2-weighted 
images. Malignant morphologic findings on MR 
include presence of both solid and cystic areas 
within a mass, necrosis within a solid tumor, sep-
tation especially if irregular and thickened, pres-
ence of ascites, peritoneal spread, lymph node 
metastasis, and bilateral adnexal involvement. 
The sensitivity and specificity of MRI in diagnos-
ing adnexal masses are 91.9% and 88.4%, which 
is lower than the ultrasound (sensitivity 96% and 
specificity 90%). The role of computed tomogra-
phy (CT) scan in ovarian cancer lies on its ability 
for tumor staging rather than determining the 
character of adnexal mass. CT scan has sensitiv-
ity and specificity of 87.2% and 84.0%, respec-
tively. A more recent imaging tool developed is 
the F-fluorodeoxyglucose positron emission 
tomography/CT (FDG-PET/CT) combining met-
abolic and physical characteristics of the tumor. 
The principle of FDG-PET lies on the increased 
glucose (FDG, a glucose analogue) metabolism 
of most tumor cells combined with the accurate 
anatomic localization of areas with increased 
FDG uptake from the CT scan. Limitation of this 

diagnostic tool is its non-specificity to malig-
nancy. Physiologic uptake of the uterus and ova-
ries on certain menstrual cycle days and infectious 
process can have increased FDG uptake causing 
false-positive result. FDG-PET/CT has a sensi-
tivity of 97.9% and specificity of 73.3%. High 
cost of this imaging tool also limits its use in 
gynecologic cancer evaluation [23].

19.4.3  Tumor Markers

Tumor markers are soluble glycoproteins released 
in the blood in different conditions and detected 
by monoclonal antibodies during tumor marker 
testing. Every tumor marker has its own diagnos-
tic, prognostic, and treatment response and recur-
rence monitoring benefits. In epithelial ovarian 
cancer, the most common tumor marker used is 
cancer antigen 125 (CA-125). CA-125 is a glyco-
protein expressed in coelomic epithelium during 
fetal development. Increased CA-125 is associ-
ated with epithelial ovarian cancer. However, 
other malignancies (gynecologic cancers: fallo-
pian tube, primary peritoneal, and advanced 
endometrial carcinoma; non-gynecologic can-
cers—breast, lung, gastric, hepatic, and pancre-
atic cancers) and benign conditions (uterine 
myoma, pregnancy, menstruation, pelvic inflam-
matory disease, endometriosis) can increase 
CA-125 level [28]. A normal value of CA-125 is 
<35 U/ml, but with the level of >200 U/ml, the 
likelihood of a benign cause of elevation is 
unlikely with 80% at this level associated with 
ovarian cancer and 50% associated with early- 
stage disease.

Another tumor marker evaluated to differenti-
ate benign from malignant epithelial ovarian 
tumor is the human epididymal protein 4 (HE4). 
The normal value threshold for HE4 is 
140  pmol/L.  Glycosylated HE4 is secreted and 
detectable in the bloodstream or urine of patients 
with ovarian carcinoma. However, expression of 
HE4 has been reported also in pulmonary, endo-
metrial, and breast adenocarcinomas, mesotheli-
omas, and gastrointestinal and renal carcinomas. 
Renal failure is a major nonmalignant cause of 
elevated HE4; thus HE4 results in patients with 
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creatinine concentration more than 1.3  mg/dL 
(115 umol/L) should be evaluated with caution. 
CA-125 and HE4 were compared to determine 
which of the two tumor markers has higher speci-
ficity. HE4 was increased in 12.3% of benign dis-
eases and in only 1.3% of gynecologic cases, 
whereas CA-125 was increased in 37% of benign 
conditions and in 33.2% of gynecologic condi-
tions. HE4 is less influenced by gender, meno-
pausal status, and presence of liver disease but 
strongly affected by presence of renal failure 
[29]. Authors recommended a combination of 
CA-125 and HE4 testing to increase the detection 
of malignant ovarian tumor [29, 30]. Comparing 
CA125 to HE4  in distinguishing benign from 
malignant tumors, HE4 has higher sensitivity in 
ruling out benign conditions including endome-
triosis (97.6 vs. 71.3%), but CA-125 correctly 
classified a higher percentage of malignant ovar-
ian masses as compared to HE4 (90.7% vs. 
71.2%; p < 0.001) [31].

19.4.4  Risk of Malignancy Index 
(RMI) and Risk of Ovarian 
Malignancy Algorithm 
(ROMA)

The Risk of Malignancy Index (RMI) utilizes 
menopausal status, ultrasound findings, and 
CA-125 level in predicting epithelial ovarian 
cancer. Ultrasound findings such as multilocu-
lated cyst, solid areas, positive metastasis, posi-
tive ascites, and bilateral ovarian lesion each have 
1 point. Absence of any of the ultrasound finding 
gets a score of 0, and presence of 1 finding gives 
a score of 1 and score of 3 for presence of 2 or 
more ultrasound findings. Premenopausal status 
is given a score of 1, whereas menopausal status 
gets a score of 3. CA-125 level is taken as abso-
lute value (Table 19.2). RMI is computed by mul-
tiplying the ultrasound score to menopausal 
status score and CA-125 level. A score of more 
than 200 indicates malignancy with sensitivity of 
85% and specificity of 97%. The Risk of Ovarian 
Malignancy Algorithm utilizes menopausal sta-
tus and CA-125 and HE4 levels in predicting epi-
thelial ovarian cancer. For premenopausal 

women, ROMA value of >7.4% is considered 
high risk for malignancy and <7.4% is low risk. 
For postmenopausal women, ROMA value of 
>25.3% is considered high risk and <25.3% is 
low risk for malignancy.

A study of 128 subjects was done to determine 
the accuracy of CA-125, HE4, ROMA, and RMI 
in distinguishing malignant from benign ovarian 
masses. The sensitivity of CA-125, HE4, ROMA, 
and RMI in distinguishing benign from malig-
nant masses (including low malignant potential) 
is 70.4%, 79.6%, 74.1%, and 63%, respectively. 
If the low malignant potential tumors are classi-
fied as benign, the sensitivities for CA-125, HE4, 
ROMA, and RMI were increased to 83.8%, 
86.5%, 83.8%, and 75.7%, respectively. These 
sensitivities were further increased to 93.5%, 
87.1%, 95.2%, and 87.1% when CA-125, HE4, 
ROMA, and RMI were used to discriminate 
among primary ovarian carcinomas. The study 
reported similar level of accuracy in differentiat-
ing adnexal masses. RMI is found to have the 
lowest sensitivity of the four parameters but with 
the best numeric accuracy. HE4 demonstrated the 
best sensitivity in evaluation of malignant ovar-
ian tumor and ruling out endometriosis [32].

Another study of 349 subjects (pre- and post-
menopausal women and aged 18 or older) who 
underwent surgical removal of adnexal mass was 
done using CA-125 and HE4 and calculated 
ROMA to determine accuracy of the 3 parame-
ters in discriminating benign from malignant 
adnexal tumor. The resultant accuracy (using 
receiver operating characteristics, ROC area) val-
ues were all high for CA-125, HE4, and ROMA 

Table 19.2 Risk of Malignancy Index

Ultrasound (U)
  0 = for score of 0
  1 = for score of 1
  3 = for score of 

2–5

Ultrasound findings
  Multiloculated cyst
  Solid areas
  Positive metastasis
  Positive ascites
  Bilateral lesions (1 point for 

each finding)
Menopausal status 1 = premenopausal

3 = menopausal
CA-125 Serum level

Computation for RMI = U × M × CA-125
Cut-off is 200; >200 indicates malignancy with sensitivity 
of 85% and specificity of 97%
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with values ranging from 84% to 97%. Regardless 
of the menopausal status, ROMA has higher 
accuracy than CA-125 (92.9 vs. 89.9%, p = 0.040) 
but not compared to HE4. In postmenopausal 
women, ROMA also has better accuracy (93.3% 
vs. 90.3%, p = 0.0018) but not for HE4 (91.5%, 
p = 0.199), but comparing CA-125 to HE4, they 
are statistically similar. For premenopausal 
women, CA-125, HE4, and ROMA have statisti-
cally similar accuracy [31].

19.4.5  Multimodel Marker

A newer concept in diagnosis of ovarian malig-
nancy is the combination of multiple tumor 
markers and analyzed by multivariate analysis. 
Multivariate index assay (MIA, commercially 
available as Ova1) is a US Food and Drug 
Authority (FDA)-cleared assay that incorporates 
CA-125 (CA-125-II), transferrin, transthyretin 
(prealbumin), apolipoprotein A1, and beta-2- 
microglobulin. The results of this assay is calcu-
lated using the OvaCal software (Vermillion, 
Inc., Austin, TX) using a multivariate algorithm 
to compute for ovarian cancer risk score (0.0–
10.0). MIA score of >5.0 (premenopausal) or 
>4.4 (postmenopausal) is considered high risk 
for ovarian malignancy. A study of 770 subjects 
compared MIA to CA-125, clinical assessment 
(physical examination, family history, imaging 
and laboratory test including CA-125 except 
MIA), and modified-ACOG (Table 19.3) referral 
guidelines in triaging a patient for gynecologic 
oncology referral. MIA resulted to a statistically 
significantly higher sensitivity (90.2%, 95% CI 
84.7–93.9) compared with CA125 (68.4%, 95% 
CI, 60.8–74.9), clinical assessment (73.2%, 95% 
CI, 65.9–79.4), and modified-ACOG guidelines 
(79.3%, 95% CI, 72.4–84.8) (P  <  0.0001). 
Specificity of MIA is statistically significantly 
lower compared to the other three parameters. 
This means that MIA has the highest accuracy of 
ruling out nonmalignant ovarian tumor compared 
to CA-125, clinical assessment, and modified- 
ACOG guidelines [33]. In clinical practice, MIA 
may change the referral behavior of non- 
gynecologic oncologists to gynecologic oncolo-

gists once MIA determines that a tumor is high 
risk for malignancy. A Chinese group evaluated 
CA-125, HE4, progesterone (Prog), and estradiol 
(E2) for differentiating pelvic masses in post-
menopausal women. Progesterone is considered 
a protective factor against ovarian cancer pro-
gression. Its level is inversely correlated with the 
risk of ovarian cancer. Estradiol, on the other 
hand, reduces gonadotrophin levels, which is the 
main culprit in ovarian malignancy. Reduction in 
gonadotrophin level leads to prevention of ovar-
ian epithelial cell stimulation avoiding ovarian 
cancer formation. The study was divided into 
building differentiation model phase and valida-
tion model phase. CA-125, HE4, progesterone, 
and estradiol were detected in 57 patients with 
benign pelvic mass and 92 patients with epithe-
lial ovarian cancer (EOC). Sixty-six percent 
(66%) of the samples were used during the build-
ing differentiation model phase, and the remain-
ing 33% were used during validation model 
phase. Combination of HE4 + CA-125 + E2 was 
chosen to have the best multi-marker model. 
During the building differentiation model phase, 
the area under the curve of HE4 + CA-125 + E2 
model was 0.97 (0.93–1.00) with sensitivities 
distinguishing benign pelvic mass from EOC, 
from early EOC, and from advanced EOC of 
90.16, 86.2, and 95.6%, respectively, and speci-
ficities of 92.1, 92.1, and 92.1%, respectively. 
During the validation model phase, the sensitivi-
ties and specificities of HE4  +  CA-125  +  E2 
model for distinguishing benign pelvic masses 

Table 19.3 ACOG Guidelines for Gynecologic 
Oncology Consultation

ACOG Guideline for Gynecologic Oncology 
Consultation [33]
Premenopausal women  1.  Very elevated CA-125 

(>67 U/ml)
 2.  Ascites
 3.  Evidence of abdominal or 

distant metastasis
Postmenopausal 
women

1.  Elevated CA-125 (>35 U/
ml)

 2.  Nodular or fixed pelvic 
mass

 3. Ascites
 4.  Evidence of abdominal or 

distant metastasis
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from EOC, from early EOC, and from advanced 
EOC were 96.7 and 84.2%, 100 and 100%, and 
87.5 and 84.2%, respectively. This multi-marker 
model utilizes different tumor markers from what 
was used by Bristow et  al., and the result also 
showed improvement in differentiation of benign 
from malignant masses compared to CA-125 or 
HE4 alone [34].

A second-generation multivariate index assay 
(MIA) was cleared by FDA to be commercially 
available (as Overa), and it utilizes individual 
markers CA125-II, HE4, apolipoprotein A-1, 
follicle-stimulating hormone, and transferrin. 
Sensitivity and specificity of Overa were 91% 
and 69%, respectively [35–37].

Other tumor markers used in other less com-
mon types of ovarian cancers are enumerated in 
Table 19.4.

19.4.6  Intraoperative Frozen Section

Despite all the advancement in imaging studies 
and tumor markers, there are times that an 
adnexal mass is difficult to classify as benign or 
malignant. Utilization of intraoperative frozen 
section analysis has been studied by many 
groups, many of which were included in a sys-
temic review published in Cochrane Library 
[38]. The group aims to assess the diagnostic 
test accuracy of frozen section to diagnose 
ovarian cancer in women with suspicious pelvic 
masses. Thirty- eight studies from 1946 to 2015 
with 11,181 participants were included. The 

review reported an average sensitivity of 90.0% 
(95% CI 87.6–92.0%; range of 71–100%) and 
average specificity 99.5% (95% CI 99.2–99.7%; 
range 96–100%) of frozen section analysis to 
differentiate invasive tumor from borderline 
and benign tumor combined. When differentiat-
ing invasive and borderline ovarian tumors 
from benign, the average sensitivity of frozen 
section analysis is 96.5% (95% CI 95.5–97.3%; 
range 83–100%) and average specificity of 
89.5% (95% CI 86.6–91.9%; range 58–99%). 
The review also reported that 94% of benign 
tumors and 99% of invasive tumors were cor-
rectly diagnosed as benign and invasive by fro-
zen section compared to the final paraffin 
report. However, 21% of borderline tumor in 
frozen section later read as invasive cancer in 
the final report.

19.5  Conclusion

The lifetime risk of a woman to develop ovarian 
cancer is 1 in 75 and the risk of death from the 
disease is 1 in 100. The overall survival rate of 
ovarian cancer is 30–40% with 29% of cases 
diagnosed late [39]. Screening for ovarian can-
cer in general population is not advocated. In the 
high- risk group, ultrasonography and CA-125 
every 6 months starting 35 years or 5–10 years 
earlier than the age of the first reported ovarian 
cancer in the family is recommended. Due to the 
absence of reliable screening methods for ovar-
ian cancer, NCCN recommends risk-reducing 
 salpingo- oophorectomy after childbearing in 
increased- risk women. Risk assessment of ovar-
ian masses can be done using RMI or ROCA. 
A  summary of recommendations for ovarian 
cancer screening is shown in Table 19.5.

Key Points
• Risk factors for ovarian cancer include family 

history of breast or ovarian cancer, infertility, 
history of endometriosis, obesity, smoking 
(for mucinous type), and high-fat diet. Early 
age of menarche and late menopause, use of 
hormonal replacement therapy, asbestos and 
talc exposure, alcohol consumption, and 

Table 19.4 Tumor markers for other types of ovarian 
cancer

Carcinoembryonic 
antigen (CEA)
Cancer antigen (CA) 
19–9

Mucinous histology (mucinous 
ovarian tumor, appendiceal 
cancer, pancreatic and 
gastrointestinal cancer)

Lactate 
dehydrogenase 
(LDH)

Dysgerminoma, mixed germ cell 
tumor

Inhibin B Granulosa cell tumor
Beta-HCG Choriocarcinoma, mixed germ 

cell tumor
Alpha-fetoprotein 
(AFP)

Yolk sac tumor/endodermal 
sinus tumor, polyembryonal 
tumor, immature teratoma
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smoking (for other types) have inconsistent 
data on the risk of ovarian cancer.

• Majority of ovarian cancers have epithelial 
histology with more than 90% of cases fol-
lowed by sex cord-stromal tumors and germ 
cell tumors.

• Screening for ovarian cancer in general popu-
lation is not advocated.

• In the high-risk group, ultrasonography and 
CA-125 every 6 months starting 35 years or 
5–10  years earlier than the age of the first 
reported ovarian cancer in the family is 
recommended.

• In epithelial ovarian cancer, the most common 
tumor markers used are cancer antigen 125 
(CA-125) and human epididymal protein 4 
(HE4).

• International ovarian tumor analysis (IOTA) 
group has given algorithms to calculate risk of 
malignancy for adnexal masses based on clini-
cal and ultrasound findings. Four algorithms, 
simple rules, logistic regression (LR)1, logis-
tic regression (LR) 2, and ADNEX, are being 
used.

• The risk of malignancy index (RMI) utilizes 
menopausal status, ultrasound findings, and 
CA-125 level in predicting epithelial ovarian 
cancer. A score of more than 200 indicates 
malignancy with sensitivity of 85% and speci-
ficity of 97%.

• The risk of ovarian malignancy algorithm 
(ROMA) utilizes menopausal status and 
CA-125 and HE4 levels in predicting epithe-
lial ovarian cancer. For premenopausal 
women, ROMA value of >7.4% is considered 
high risk for malignancy and  <  7.4% is low 
risk. For postmenopausal women, ROMA 

value of >25.3% is considered high risk 
and < 25.3% is low risk for malignancy.

• Multivariate index assay (MIA, commercially 
available as Ova1) is a multimodel assay that 
incorporates CA-125, transferrin, transthyretin 
(prealbumin), apolipoprotein A1, and beta- 2- 
microglobulin and computes for ovarian can-
cer risk score using a multivariate algorithm.

References

 1. Torre LA, Bray F, Siegel RL, Ferlay J, Lortet-Tieulent 
J, Jemal A. Global cancer statistics, 2012. CA Cancer 
J Clin. 2015;65(2):87–108.

 2. Jiang X, Tang H. Epidemiology of gynecologic can-
cers in China. J Gynecol Oncol. 2018;29(1):e7.

 3. Reid BM, Permuth JB, Sellers TA.  Epidemiology 
of ovarian cancer: a review. Cancer Biol Med. 
2017;14(1):9–32.

 4. Pal T, Permuth-Wey J, Betts JA, Krischer JP, Fiorica 
J, Arango H, et  al. BRCA1 and BRCA2 mutations 
account for a large proportion of ovarian carcinoma 
cases. Cancer. 2005;104(12):2807–16.

 5. Viswanathan A, Kim DH, Reid N, Kline DG. Surgical 
management of the pelvic plexus and lower abdomi-
nal nerves. Neurosurgery. 2009;65(4 Suppl):A44–51.

 6. Huncharek M, Kupelnick B.  Dietary fat intake and 
risk of epithelial ovarian cancer: a meta-analysis of 
6,689 subjects from 8 observational studies. Nutr 
Cancer. 2001;40(2):87–91.

 7. Crew KD, Neugut AI. Aspirin and NSAIDs: effects 
in breast and ovarian cancers. Curr Opin Obstet 
Gynecol. 2006;18(1):71–5.

 8. Kjaer SK, Mellemkjaer L, Brinton LA, Johansen 
C, Gridley G, Olsen JH.  Tubal sterilization and 
risk of ovarian, endometrial and cervical cancer. A 
Danish population-based follow-up study of more 
than 65 000 sterilized women. Int J Epidemiol. 
2004;33(3):596–602.

 9. Koshiyama M, Matsumura N.  Recent concepts of 
ovarian carcinogenesis: type I and type II.  Biomed 
Res Int. 2014;2014:934261.

Table 19.5 Summary of recommendations for ovarian cancer screening

General population Recommend against routine screening [13]
Increased-risk individuals •  TVU + CA-125 every 6 months starting 35 years OR 5–10 years earlier than 

the age of the first reported ovarian cancer in the family [16] (benefit of more 
frequent CA-125 q3 month is reported) [17]

•  Risk-reducing salpingo- oophorectomy [16]
Management of adnexal masses •  TVUTS: IOTA strategies

•  Tumor markers: CA-125 and HE4 or other more appropriate tumor marker 
for age and ultrasound picture of the masses

•  Computation of RMI and ROCA
•  Utilization of frozen section during surgery

A. Magno



255

 10. Buys SS, Partridge E, Greene MH, Prorok PC, 
Reding D, Riley TL, et al. Ovarian cancer screening 
in the Prostate, Lung, Colorectal and Ovarian (PLCO) 
cancer screening trial: findings from the initial 
screen of a randomized trial. Am J Obstet Gynecol. 
2005;193(5):1630–9.

 11. Buys SS, Partridge E, Black A, Johnson CC, Lamerato 
L, Isaacs C, et al. Effect of screening on ovarian cancer 
mortality: the Prostate, Lung, Colorectal and Ovarian 
(PLCO) cancer screening randomized controlled trial. 
JAMA. 2011;305(22):2295–303.

 12. Pinsky PF, Prorok PC, Yu K, Kramer BS, Black A, 
Gohagan JK, et al. Extended mortality results for pros-
tate cancer screening in the PLCO trial with median 
follow-up of 15 years. Cancer. 2017;123(4):592–9.

 13. Moyer VA.  Screening for ovarian cancer: 
U.S.  Preventive Services Task Force reaffirma-
tion recommendation statement. Ann Intern Med. 
2012;157(12):900–4.

 14. Jacobs IJ, Menon U, Ryan A, Gentry-Maharaj A, 
Burnell M, Kalsi JK, et al. Ovarian cancer screening 
and mortality in the UK Collaborative Trial of Ovarian 
Cancer Screening (UKCTOCS): a randomised con-
trolled trial. Lancet. 2016;387(10022):945–56.

 15. Mills K, Fuh K.  Recent advances in understanding, 
diagnosing, and treating ovarian cancer. F1000Res. 
2017;6:84.

 16. Daly M, Allen J, Axilbund J, Buys S, Crawford B, 
Farrell C, et  al. NCCN clinical practice guidelines 
in oncology: genetic/familial high-risk assess-
ment: breast and ovarian (version 1/2011). Fort 
Washington: National Comprehensive Cancer 
Network; 2011.

 17. Skates SJ, Greene MH, Buys SS, Mai PL, Brown P, 
Piedmonte M, et al. Early detection of ovarian cancer 
using the risk of ovarian cancer algorithm with fre-
quent CA125 testing in women at increased familial 
risk - combined results from two screening trials. Clin 
Cancer Res. 2017;23(14):3628–37.

 18. Rebbeck TR, Kauff ND, Domchek SM.  Meta- 
analysis of risk reduction estimates associated with 
risk-reducing salpingo-oophorectomy in BRCA1 
or BRCA2 mutation carriers. J Natl Cancer Inst. 
2009;101(2):80–7.

 19. Kauff ND, Domchek SM, Friebel TM, Robson ME, 
Lee J, Garber JE, et  al. Risk-reducing salpingo- 
oophorectomy for the prevention of BRCA1- and 
BRCA2-associated breast and gynecologic can-
cer: a multicenter, prospective study. J Clin Oncol. 
2008;26(8):1331–7.

 20. Mourits MJ, de Bock GH. European/U.S. comparison 
and contrasts in ovarian cancer screening and preven-
tion in a high-risk population. Am Soc Clin Oncol 
Educ Book. 2017;37:124–7.

 21. Ebell MH, Culp MB, Radke TJ. A systematic review 
of symptoms for the diagnosis of ovarian cancer. Am 
J Prev Med. 2016;50(3):384–94.

 22. Ebell MH, Culp M, Lastinger K, Dasigi T. A system-
atic review of the bimanual examination as a test for 
ovarian cancer. Am J Prev Med. 2015;48(3):350–6.

 23. Manegold-Brauer G, Bellin AK, Tercanli S, Lapaire 
O, Heinzelmann-Schwarz V.  The special role of 
ultrasound for screening, staging and surveillance 
of malignant ovarian tumors: distinction from other 
methods of diagnostic imaging. Arch Gynecol Obstet. 
2014;289(3):491–8.

 24. Kaloo PL, Khazali S, Hoy D, Sadoon S. Management 
of suspected ovarian masses in premenopausal 
women. 2011.

 25. American College of Obstetricians and 
Gynecologists’ Committee on Practice Bulletins—
Gynecology. Practice Bulletin No. 174: evaluation 
and management of adnexal masses. Obstet Gynecol. 
2016;128(5):e210–e26.

 26. Timmerman D, Testa AC, Bourne T, Ferrazzi E, 
Ameye L, Konstantinovic ML, et al. Logistic regres-
sion model to distinguish between the benign and 
malignant adnexal mass before surgery: a multicenter 
study by the International Ovarian Tumor Analysis 
Group. J Clin Oncol. 2005;23(34):8794–801.

 27. Timmerman D, Van Calster B, Testa A, Savelli L, 
Fischerova D, Froyman W, et  al. Predicting the risk 
of malignancy in adnexal masses based on the simple 
rules from the International Ovarian Tumor Analysis 
group. Am J Obstet Gynecol. 2016;214(4):424–37.

 28. Perkins GL, Slater ED, Sanders GK, Prichard 
JG.  Serum tumor markers. Am Fam Physician. 
2003;68(6):1075–82.

 29. Escudero JM, Auge JM, Filella X, Torne A, Pahisa J, 
Molina R.  Comparison of serum human epididymis 
protein 4 with cancer antigen 125 as a tumor marker 
in patients with malignant and nonmalignant diseases. 
Clin Chem. 2011;57(11):1534–44.

 30. Park Y, Lee JH, Hong DJ, Lee EY, Kim HS. 
Diagnostic performances of HE4 and CA125 for the 
detection of ovarian cancer from patients with vari-
ous gynecologic and non-gynecologic diseases. Clin 
Biochem. 2011;44(10–11):884–8.

 31. Sandri MT, Bottari F, Franchi D, Boveri S, Candiani 
M, Ronzoni S, et al. Comparison of HE4, CA125 and 
ROMA algorithm in women with a pelvic mass: cor-
relation with pathological outcome. Gynecol Oncol. 
2013;128(2):233–8.

 32. Anton C, Carvalho FM, Oliveira EI, Maciel GA, 
Baracat EC, Carvalho JP.  A comparison of CA125, 
HE4, risk ovarian malignancy algorithm (ROMA), 
and risk malignancy index (RMI) for the classi-
fication of ovarian masses. Clinics (Sao Paulo). 
2012;67(5):437–41.

 33. Bristow RE, Hodeib M, Smith A, Chan DW, Zhang Z, 
Fung ET, et al. Impact of a multivariate index assay 
on referral patterns for surgical management of an 
adnexal mass. Am J Obstet Gynecol. 2013;209(6):581.
e1–8.

 34. Zhang P, Wang C, Cheng L, Zhang P, Guo L, Liu W, 
et  al. Development of a multi-marker model com-
bining HE4, CA125, progesterone, and estradiol 
for distinguishing benign from malignant pelvic 
masses in postmenopausal women. Tumour Biol. 
2016;37(2):2183–91.

19 Screening for Ovarian Cancer



256

 35. Ueland FR.  A perspective on ovarian cancer bio-
markers: past, present and yet-to-come. Diagnostics 
(Basel). 2017;7(1):E14.

 36. Coleman RL, Herzog TJ, Chan DW, Munroe DG, 
Pappas TC, Smith A, et  al. Validation of a second- 
generation multivariate index assay for malignancy 
risk of adnexal masses. Am J Obstet Gynecol. 
2016;215(1):82.e1–e11.

 37. Bristow RE, Smith A, Zhang Z, Chan DW, Crutcher 
G, Fung ET, et al. Ovarian malignancy risk stratifica-

tion of the adnexal mass using a multivariate index 
assay. Gynecol Oncol. 2013;128(2):252–9.

 38. Ratnavelu ND, Brown AP, Mallett S, Scholten RJ, 
Patel A, Founta C, et al. Intraoperative frozen section 
analysis for the diagnosis of early stage ovarian can-
cer in suspicious pelvic masses. Cochrane Database 
Syst Rev. 2016;3:Cd010360.

 39. Siegel R, Ma J, Zou Z, Jemal A.  Cancer statistics, 
2014. CA Cancer J Clin. 2014;64(1):9–29.

A. Magno



257© Springer Nature Singapore Pte Ltd. 2019 
S. Mehta, A. Singla (eds.), Preventive Oncology for the Gynecologist, 
https://doi.org/10.1007/978-981-13-3438-2_20

Prevention of Ovarian Cancer
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20.1  Introduction

Ovarian cancer is one of the leading causes of 
cancer-related death in women. As per the 
American Cancer Society, 22,240 new cases of 
ovarian cancer will be diagnosed in 2018, and 
14,070 women will die of ovarian cancer in the 
United States [1]. More than 70% of ovarian can-
cer cases are diagnosed in the advanced stages 
when cure rates for ovarian cancer are rather dis-
mal despite multimodality treatment modalities. 
The incidence of ovarian cancer can be reduced 
by controlling risk factors and detecting the pre-
invasive disease. However, complex and diverse 
pathogenesis of ovarian cancer is a major barrier 
to develop homogeneous prediction models and 
screening tools. Targeted preventative program 

appears to be the most effective strategy to reduce 
the incidence, morbidity, and mortality from this 
lethal cancer.

20.2  Risk Factors, Precursor 
Lesions, and Carcinogenesis

Knowledge of the risk factors and precursor 
lesions is the elemental step in preventing cancer. 
Older age, nulliparity, null lactation, cigarette 
smoking, alcohol, obesity, low dietary fat, and 
relatively long-term hormone replacement ther-
apy (HRT) are among the few important risk fac-
tors associated with ovarian cancer [2–4]. These 
factors have been found to have a modest associ-
ation with certain non-serous histologies, rather 
than more aggressive serous carcinoma [5, 6]. 
Hereditary mutations are the strongest known 
risk factors for ovarian cancer. It is estimated that 
around 15% of women with ovarian cancer have 
family history of two or more relatives with 
breast or ovarian cancer or breast cancer (BRCA) 
1/2 or hereditary nonpolyposis colorectal cancer 
(HNPCC) germline mutations [7].

Earlier, ovarian carcinoma was considered 
to arise directly from the ovarian surface epi-
thelium, its intraparenchymal inclusions, or 
from a preexisting benign ovarian cyst [8]. In 
1999, Dubeau et al. proposed that the Müllerian 
epithelium could have a role in ovarian carci-
nogenesis [9]. Numerous subsequent studies 
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suggested that the cells of origin of serous, 
endometrioid, and clear cell carcinomas are 
derived from the fallopian tube and the endo-
metrium [10–13].

It is notable that the previous subclassifica-
tion of epithelial ovarian cancer into serous, 
endometrioid, clear cell, mucinous, and malig-
nant Brenner tumors and mixed histologies has 
been abandoned after a series of research papers 
reported on molecular pathology of ovarian 
cancer [14, 15]. The World Health Organization 
(WHO) has revised the classification according 
to the clinical, pathologic precursor, and molec-
ular characteristics (Fig.  20.1). Type I tumors 
are clinically indolent and detected in the early-
stage of the disease. In contrast, Type II tumors 
are aggressive and detected in the advanced 
stages of the disease. Type I tumors are thought 
to originate from benign lesions like endome-

triosis or borderline tumors. In contrast, most 
of the Type II tumors are thought to originate 
from serous tubal intraepithelial carcinoma 
(Fig. 20.2). Mutations associated with the Type 
I tumors usually involve KRAS, BRAF, PTEN, 
PIK3CA, CTNNB1, ARID1A, and PPP2R1A 
genes. Type II tumors mostly have p53 gene 
mutations. Low- grade serous, low-grade endo-
metrioid, clear cell, mucinous, and malignant 
Brenner tumors are categorized as Type I. The 
Type II ovarian tumors comprise of high-grade 
serous, high-grade endometrioid, and undiffer-
entiated carcinomas as well as malignant mixed 
mesodermal tumors (carcinosarcoma). This 
new classification that divides ovarian neo-
plasm into the two types enables the clinicians 
to predict accurate prognosis and devise supe-
rior prevention and management strategies [16] 
(Table 20.1).

Epithelial (~90%)

Epithelial ovarian cancer

Ovarian Cancer

Sex-cord stromal Germ cell Mixed-cell type Cell of origin

a

b

Includes:
•   High-grade serous carcinoma
    (HGSC)
•   Undifferentiated carcinoma*
•   Carcinosarcoma*

Includes:
•  Low-grade serous carcinoma (LGSC)
•  Endometrioid carcinoma
•  Clear-cell carcinoma
•  Mucinous carcinoma
•  Malignant Brenner tumor*
•  Seromucinous carcinoma* 

Type I
•   Pathogenesis mostly from endometriosis or
    fallopian tubal-related serous borderline
    ovarian tumors
•   Genomic alterations in KRAS, BRAF, PTEN,
    PIK3CA, CTNNB1, ARID1A 

Type II
•   Pathogenesis mostly from precursor
     lesions in the fallopian tube
     epithelium
•   Mutation in: TP53

Fig. 20.1 Clinicopathologic and molecular classification of ovarian cancer. (a) Classification of ovarian cancer. (b) 
Classification of epithelial ovarian cancer. Adapted from [16]
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20.3  Precise Risk Assessment

Ovarian cancer is a low-prevalence disease. The 
average lifetime risk of ovarian cancer in the gen-
eral population is around 1.3% [17]. It implies 
that primary or secondary preventive practices in 
general population could impact very few 
women. Evidence based on the US Preventive 

Services Task Force (USPSTF) 2018 
 recommendations re-proclaim that screening for 
the early detection of ovarian cancer in asymp-
tomatic, average-risk women is not recom-
mended [18]. Hence, identification of high-risk 
women and targeted primary prevention appears 
to be the most effective strategy to lower the bur-
den of ovarian cancer in the community.

accumulation of mutations and loss of cell cycle regulation

P53 SignatureNormal

Type 2 ovarian cancer

Invasive cancerSCOUT

STIC

P53
Signature

• invasion of
basement
membrane

STIC
Invasive

carcinoma

 • epithelial stratification
 • nuclear atypia
 • active proliferation

• nuclear enlargement
• P53 mutation
• lack of cilia (secretory cells)

Fig. 20.2 Tubal origin of Type II high-grade serous carcinoma. SCOUT secretory cell outgrowths, P53 signatures 
clonal variation in p53 gene in the tubal epithelium, STIC serous tubal in situ carcinoma

Table 20.1 Tissue of origin, precursor lesion molecular alteration, and preventive strategies for major types of ovarian 
cancer

Tumor type Tissue of origin Precursor lesion Molecular alteration Preventive strategy
High-grade 
serous

Fallopian tube, fimbria, 
or cortical inclusion cyst

STIC BRCA1, BRCA2, 
BRIP1, PALB2, 
RAD51C and RAD51D, 
p53

RRSO, opportunistic 
salpingectomy, OCP, 
tubal ligation

Low-grade 
serous

Endosalpingiosis or 
papillary tubal 
hyperplasia

Serous borderline 
tumor

KRAS, BRAF, PIK3CA, 
MSI

Opportunistic 
salpingectomy, OCP, 
tubal ligation

Endometrioid Endometriosis Endometrioid 
borderline tumor

MLH2, PMS2, MSH2, 
MSH6

Opportunistic 
salpingectomy, OCP, 
tubal ligation

Mucinous Unknown, tubal, 
peritoneal junction

Mucinous 
borderline tumor

KRAS, HER2 Opportunistic 
salpingectomy, OCP, 
tubal ligation

AGCT Granulose cell Unknown None None
SLCT Granulose cell Unknown None None

STIC serous tubal in situ carcinoma, RRSO risk-reducing salpingo-oophorectomy, OCP oral contraceptive pills, AGCT 
adult granulosa cell tumor, SLCT Sertoli-Leydig cell tumor
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The BRCA1 and 2 genetic susceptibility is well 
known; however there is now enough evidence to 
suggest that ovarian cancer susceptibility is much 
impacted by other genetic variations and polymor-
phisms. It is necessary to understand how pene-
trance and prevalence of gene mutation contribute 
to the individual’s risk for cancer. It is also impor-
tant to interpret the results of multigene panel test-
ing and then tailor the risk management [19].

20.3.1  High-Penetrance Genetic 
Susceptibility

The BRCA mutations are discredited for high 
penetrance. The estimated cumulative ovarian 
cancer risk with BRCA1 mutation carrier ranges 
from 39 to 44% and 10–17% for BRCA2 muta-
tions by the age of 70 [20–23]. The population 
prevalence of BRCA1/2 mutation carriers has 
been reported to be 0.07–0.22% depending on 
the specific gene and penetrance function used 
for the calculation [24]. Prophylactic salpingo- 
oophorectomy in these high-risk women has 
been established to reduce the risk of ovarian 
cancer by about 80% [25, 26].

20.3.2  Moderate-Penetrance Genetic 
Susceptibility

A number of moderate penetrance genes have been 
implicated in ovarian cancer. One such moderate 
penetrance gene is DNA mismatch repair gene, i.e., 
MSH6, MSH2, and MLH1 [27]. Incidence of ovar-
ian cancer in genetically diagnosed HNPCC syn-
drome ranges from 6.5% to 13% [28, 29].

Next-generation sequencing technologies 
have identified more moderate-penetrance germ-
line mutations. A recent study reported the life-
time ovarian cancer risk in RAD51C and 
RAD51D mutated women to be 11.2% (confi-
dence interval [CI] 5.7–21.3%) [30] and 11.9% 
(CI 5.7–24.6%), respectively [31, 32]. Similarly, 
increased frequency of BRIP1 mutations has 
been found in epithelial ovarian cancer (EOC) 
patients, relative risk 11.22 for invasive EOC 
(CI = 3.22–34.10) [33, 34].

20.3.3  Low-Penetrance Genetic 
Susceptibility

Only 23% of ovarian carcinomas have been 
found to be associated with the known gene 
mutations. Consequently, majority of the ovarian 
cancer burden appears to be contributed by the 
mutations that are yet to be discovered. More 
recently, the genome-wide association studies 
(GWAS) have identified multiple ovarian cancer 
susceptibility genes [35, 36], and the most com-
mon gene variation in population is single nucle-
otide polymorphism (SNP). There are about 10 
million SNPs in the human genome that have 
been reported to influence the individual’s sus-
ceptibility to the disease and environmental fac-
tors such as toxins [37]. Albeit SNPs have weak 
penetrance to the development of epithelial ovar-
ian cancer [relative risk (RR) of <1.5], their 
potential role in the etiology of epithelial ovarian 
cancer cannot be denied as the frequency of aber-
rant SNP is much higher than the aberrant BRCA 
gene mutation. Also, combination of SNP sus-
ceptibility may have an additive effect in one’s 
risk of ovarian cancer.

20.4  Influence of Age 
on Susceptibility

Aging is a critical factor that determines the risk 
of ovarian cancer. The cumulative lifetime risk of 
ovarian cancer in BRCA mutation is found to 
increase with age. In a recent meta-analysis of 
6036 BRCA1 carriers and 3828 BRCA2 female 
carriers, the cumulative risk of ovarian cancer in 
BRCA1 mutation carriers was determined to be 
1–3% in women of age group 30–40 years and 
6–12% in the age group 40–50  years. For the 
BRCA2 mutation carriers, this risk was estimated 
as 7% in the age group 50–60 years [38]. Finch 
et  al. followed 5783 women with a BRCA1/2 
mutation for a period of 5.6 years and estimated 
that the annual risk of ovarian cancer in BRCA1 
mutation carriers was highest in the age group of 
50–59 years (1.7%) and for the BRCA2 mutation 
carriers, it was observed between the ages of 60 
and 69 years (0.6%) [26].
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20.5  Genetic Testing 
and Counseling

About 15–23% of all the ovarian cancer cases are 
caused by hereditary or genetic factors, and in 
65–85% of hereditary ovarian cancer, the genetic 
aberration is BRCA mutation [39]. The EOC in 
BRCA mutation carrier is associated with a posi-
tive family or personal history of breast/ovarian 
cancer and younger age of diagnoses [40]. 
However, a family or personal history is often 
absent and results in poor identification of these 
high-risk individuals [41–43]. Identification of 
high-risk women on the basis of history of per-
sonal cancer at a relatively younger age and fam-
ily history has the potential to miss out women 
who need maximum evaluation.

Genetic testing facilitates preventive strategies 
for breast and ovarian cancers. Detection of a high 
risk for cancer mutation in a family can help pre-
vent hereditary cancers in a number of kin women, 
who may benefit from more intensive screening 
and risk-reducing surgeries. With the advent of 
poly ADP-ribose polymerase (PARP) inhibitors, 
genetic testing additionally has therapeutic value.

The Society of Gynecologic Oncology (SGO) 
committee recently recommended guidelines that 
state candidature for genetic counseling and test-
ing in 2015 (Table 20.2). Recently, the American 
College of Obstetricians and Gynecologists 
(ACOG) and SGO have endorsed the term “cas-
cade testing” which refers to genetic counseling 
and testing in blood relatives of individuals with 
specific genetic mutations [44].

Genetic testing for all women with high-grade 
epithelial tumors is also globally recommended 
[45–48]. However, less than 20% of women with 
a diagnoses of high-grade ovarian cancer are sent 
for genetic referral [44, 49, 50]. Impediments to 
genetic testing include the lack of physician 
knowledge, unavailability of genetic services, 
relatively high cost of testing, lengthy process of 
counseling, and often patient refusal [51, 52].

Genetic referral emerges to be a public respon-
sibility to improve the health and quality of life of 
the patient and her family members. Genetic 
screening can be improved by educating the 

Table 20.2 Criteria for further genetic evaluation for 
hereditary breast and ovarian cancersa

Women affected with one or more of the following 
have an increased likelihood of having an inherited 
predisposition to breastb and ovarian, tubal, or 
peritoneal cancer and should receive genetic counseling 
and be offered genetic testing
  Epithelial ovarian, tubal, or peritoneal cancer
  Breast cancer at age 45 years or less
   Breast cancer and have a close relativec with 

breast cancer at age 50 years or less or close 
relativec with epithelial ovarian, tubal, or 
peritoneal cancer at any age

   Breast cancer at age 50 years or less with a limited 
or unknown family historyd

  Breast cancer and have two or more close relativesc 
with breast cancer at any age

   Breast cancer and have two or more close relativesc 
with pancreatic cancer or aggressive prostate cancer 
(Gleason score equal to or greater than 7)

   Two breast cancer primaries, with the first diagnosed 
before age 50 years

   Triple-negative breast cancer at age 60 years or less
   Breast cancer and Ashkenazi Jewish ancestry at any 

age
   Pancreatic cancer and have two or more close 

relativesc with breast cancer; ovarian, tubal, or 
peritoneal cancer; pancreatic cancer; or aggressive 
prostate cancer (Gleason score equal to or greater 
than 7)

Women unaffected with cancer, but with one or more of 
the following have an increased likelihood of having an 
inherited predisposition to breast and ovarian, tubal, or 
peritoneal cancer and should receive genetic counseling 
and be offered genetic testing
   A first-degree or several close relativesc that meet 

one or more of the aforementioned criteria
   A close relativec carrying a known BRCA1 or 

BRCA2 mutatione

 A close relativec with male breast cancer
aAdapted from Gynecologic Oncology, 136(1), Lancaster 
JM, Powell CB, Chen LM, Richardson DL, Society of 
Gynecologic Oncology statement on risk assessment for 
inherited gynecologic cancer predispositions, 3-7, 
Copyright 2015, with permission from Elsevier
bInvasive and ductal carcinoma in situ breast cancer
cClose relative is defined as first-degree (parent, sibling, 
offspring), second-degree (grandparent, grandchild, 
uncle, aunt, nephew, niece, half-sibling), or third-degree 
(first cousin, great-grandparent or greatgrandchild)
dLimited family history includes fewer than two first- 
degree or second-degree female relatives surviving 
beyond age 45 years
eOr carrying another known actionable deleterious muta-
tion associated with hereditary breast and ovarian cancer 
syndrome
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 physician about various types of genetic suscep-
tibilities, the type of tests available, and their 
clinical implications. With the higher referral 
rates, the test would also become more affordable 
and accessible. Apart from generating awareness 
about the referral to genetic counseling and 
 testing, the test process needs to be more stream-
lined with quicker turnaround time.

20.6  Risk Prediction Models

The risk prediction models are used to calculate 
the combined risk and utilize it for devising pre-
ventive measures and creation of the risk-benefit 
indices [41]. However, risk prediction for ovarian 
cancer is problematic as the risk factors are glob-
ally diverse and often inconsistent. Various epide-
miologic risk factors were mathematically 
combined by Rosen et al. and Li et al. indepen-
dently, to identify women for screening and che-
moprevention [53, 54]. Pfeiffer et  al. predicted 
absolute risk of breast, ovarian, and endometrial 
cancers among the women older than 50 years of 
age through a model combining the reproductive 
factors and family history of breast and ovarian 
cancers [55]. An optimal model incorporating 
parity, breast feeding, tubal ligation, family his-
tory, SNPs, and BRCA1/2 mutations was pro-
posed by Giannakeas et al., in order to discriminate 
the women above and below 5% risk [3]. The 
Ovarian Cancer Consortium recently published a 
risk model incorporating 17 epidemiological risk 
factors and 17 genome-wide single nucleotide 
polymorphisms. Their data included 5703 inva-
sive epithelial ovarian cancer cases and 9512 con-
trols. The study concluded that the addition of 17 
confirmed SNPs improved the predictive ability 
of the model in women older than 50 years (with 
SNP/area under the curve [AUC] = 0.664; without 
SNP: AUC = 0.6490) [56].

These types of risk assessment models eventu-
ally help in making decisions regarding the risk- 
reducing salpingo-oophorectomy, but these 
models are found to have low discriminatory 
power, and henceforth, screening and surgical 
prevention on the basis of these models is not 
validated yet. It is therefore suggested that 

improved knowledge of low-penetrance genetic 
susceptibility will likely improve the risk assess-
ment accuracy. Precise risk assessment will ulti-
mately provide enhanced target of primary and 
secondary prevention schemes in terms of cost- 
effectiveness and the risk versus benefit ratio 
[56]. A clinically applicable accurate predictabil-
ity can be further achieved by discovery and 
inclusion of additional novel risk factors.

20.7  Surgical Prevention

Removal of female gonads could be justified in 
sufficiently high-risk population, where the ben-
efit of surgery outweighs the cost and risk of sur-
gery. Risks of salpingo-oophorectomy include 
intraoperative injury to the bowel, bladder, ureter, 
and vessels and long-term morbidity [57, 58].

20.7.1  Risk-Reducing Salpingo- 
oophorectomy for High-Risk 
Women

Currently, risk-reducing salpingo-oophorectomy 
is offered to women with strong family history of 
breast or ovarian cancers and to BRCA1 or 
BRCA2 carriers, between the ages of 35 and 
40  years, after completion of childbearing [59, 
60]. Risk-reducing salpingo-oophorectomy 
(RRSO) for the management of ovarian cancer 
risk in BRCA2 mutation carrier can be delayed 
until the patients’ age of 40–45 years [26, 61].

There is strong and consistent evidence that 
demonstrates the effectiveness of RRSO in reduc-
ing risk for ovarian cancer in BRCA mutation 
carriers. A prospective study of 5783 BRCA 
mutation carrier women reported that RRSO was 
associated with an 80% reduction in the risk of 
ovarian, fallopian tube, or peritoneal cancer in 
the BRCA1 or BRCA2 carriers and a 77% reduc-
tion in all-cause mortality [26]. There was a 
residual risk for primary peritoneal cancer of 
approximately 1–4.3% after RRSO [62–64]. A 
large meta-analysis of ten studies also testified 
similar reduction in the risk of ovarian cancer 
[63]. The cost-effectiveness of RRSO (alone or in 
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combination with mastectomy) is also well estab-
lished for the BRCA mutation carriers [57]. 
However, recently it is proposed to have lower 
the risk threshold for surgical prevention and 
offer risk-reducing salpingo-oophorectomy to 
intermediate-risk women [65–67].

RRSO is a safe procedure and can be performed 
laparoscopically. Complications are limited to 
anesthesia risk; risk of injury to the bladder, bowel, 
and vessel; and infections. Kenkhuis et al. evalu-
ated short-term surgical outcome and safety of 159 
high-risk women who underwent RRSO. A total 
of 96.9% cases had laparoscopic surgery with an 
intraoperative complication rate of 1.3%, and the 
postoperative complication rate was 3.1% [68]. 
Manchanda et al. reported an intraoperative com-
plication rate of 1.2% and postoperative complica-
tion rate of 2.7% in a cohort of 308 women with 
unknown mutation status [69].

Studies suggest that most women are relieved 
of ovarian cancer-specific distress and worry after 
the risk-reducing surgery [70]. In a questionnaire- 
based study on 846 cases, women who chose 
RRSO had no measurable adverse effect on the 
quality of life. RRSO was considered a valued pro-
cedure that they would recommend to fellow 

 high-risk woman [71]. Most bothersome symp-
toms following RRSO are dyspareunia, vaginal 
dryness, and sexual dysfunction [70, 72]; these 
symptoms are worse after surgical salpingo-
oophorectomy as compared to natural menopause 
[73]. Hormone replacement therapy (HRT) is 
debated in BRCA mutation carrier women. Quality 
of life after RRSO can be improved with HRT 
[74]. Multiple studies and expert reviews have 
demonstrated non-inferior oncological outcomes 
in women who received short-term HRT [75–80]. 
However, due to the paucity of quality evidence, 
HRT prescription to BRCA carriers after RRSO 
should be undertaken with caution (Table  20.3) 
[59, 90].

20.7.2  Opportunistic Salpingo- 
oophorectomy in Average- 
Risk Women

Opportunistic oophorectomy is salpingo- 
oophorectomy at the time of benign hysterectomy 
for an average-risk woman. There is evidence that 
removal of ovaries in premenopausal and post-
menopausal women has significant, long-term 

Table 20.3 Evidence-based risk-reducing salpingo-oophorectomy (RRSO) recommendationsa

Women with
Ovarian 
cancer risk

Recommended age in 
years for RRSO Evidence

BRCA1 mutation 40–60% >35–40 Levy-Lahad and Friedman [22], Domchek 
[25], Evans et al. [81], Antoniou et al. [82], 
Mavaddat et al. [83]

BRCA2 mutation 10–30% >40–45 Levy-Lahad and Friedman [22], Domchek 
[25], Evans et al. [81]

RAD51C or RAD51D 
mutation

9–12% >40–50b Loveday et al. [31], Coulet et al. [84], 
Evans et al. [81], Pearce et al. [85]

BRIP1 mutation 5.80% >50b Ramus et al. [34]
HBOC or HOC (untested) 7–10% >40–45b Sutcliffe et al. [86], Srivastava et al. [87], 

Hemminki et al. [1], Jervis et al. [88, 89]
Polygenic (SNP) ± 
epidemiological-based risk

Model-based 
estimation
>4–5% risk

>50b Jervis et al. [89], Pearce et al. [85]

Lynch syndrome: MLH1, 
MSH2, MSH6 mutations

6–14% >40b (combined with 
hysterectomy for EC 
risk)

Pearce et al. [85]

HBC high-risk breast cancer only family, HBOC high-risk breast and ovarian cancer family, HOC high-risk ovarian 
cancer only family, SNP single nucleotide polymorphism
aAdapted from [65]
bLimited data
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negative effects. A prospective study of 30,117 
women participants of the Nurses’ Health Study, 
who underwent hysterectomy for benign condi-
tions, was analyzed by Parker et al. [91]. After a 
follow-up of 28 years, oophorectomy was associ-
ated with the reduced risk of death from ovarian 
cancer (hazard ratio [HR] = 0.06; 95% CI, 0.02–
0.17), but it was unpredictably associated with near 
twice all- cause mortality as compared to ovarian 
conservation (HR  =  1.13; 95% CI, 1.06–1.21). 
Women who underwent hysterectomy and oopho-
rectomy before the age 50 and never used hormone 
therapy had significantly associated high mortality 
from coronary heart disease (CHD), colorectal can-
cer, total cancers, and all-causes. Multivariable 
analyses exhibited that at no age, oophorectomy is 
associated with increased overall survival [91]. 
Similar results were presented by Rocca et al. [92], 
who studied 2390 women with oophorectomy and 
2390 referent women. The authors reported a sig-
nificantly higher all-cause mortality in women who 
had oophorectomy before the age of 45 years and 
who were not exposed to hormone replacement 
therapy. Recently, Evans et  al. [93] reviewed 26 
peer-reviewed articles comparing the risk versus 
benefit associated with salpingo- oophorectomy 
and ovarian conservation. The authors concluded 
that despite lowering the prevalence of reoperation 
rates and ovarian cancer, bilateral salpingo-oopho-
rectomy can largely be detrimental to health, espe-
cially in women younger than the age of 45 years. 
It cannot be stressed enough that RRSO is indi-
cated only for the women at high risk for breast and 
ovarian cancers. Physicians should avoid giving the 
option of oophorectomy during benign hysterec-
tomy in the general population to evade a small risk 
of reoperation and ovarian cancer. Women should 
be educated about the higher mortality associated 
with oophorectomy as compared to the prevention 
of a rare cancer for them.

20.7.3  Opportunistic Salpingectomy 
in Average-Risk Women

The fallopian tube is agreed to be the site of ori-
gin for most epithelial ovarian cancer, and thus, 
salpingectomy seems to have a potential role in 

the prevention of ovarian cancer in both the 
average- risk and high-risk women. Only few 
retrospective studies revealed the role of bilat-
eral salpingectomy in the reduction of ovarian 
cancer risk; however it is proposed to be benefi-
cial owing to the interrelated evidence on tubal 
ligation [94, 95]. Falconer et al. studied the risk 
of ovarian cancer rates in women (n = 5,251,465) 
who underwent tubal ligation, unilateral salpin-
gectomy, bilateral salpingectomy, and hysterec-
tomy for benign conditions and compared it 
with the risk of ovarian cancer in unexposed 
population (n = 55,449,119).Women with previ-
ous salpingectomy were noted to have reduced 
risk for ovarian cancer (HR = 0.65, 95% CI = 
0.52–0.81) when compared with the unexposed 
population [96].

Known et  al. [97] estimated the cost- 
effectiveness of opportunistic salpingectomy 
during hysterectomy for benign conditions and 
sterilization, by Monte Carlo stimulation model 
in the average-risk hypothetical women. Their 
model demonstrated salpingectomy to be slightly 
costlier than the tubal ligation but more effective 
prevention strategy in the general population. A 
relative 29.2% risk reduction was noted in ovar-
ian cancer diagnoses with the use of salpingec-
tomy versus tubal ligation. Apart from the 
cost-effectiveness, opportunistic salpingectomy 
was associated with an insignificant operative 
morbidity and short-term preservation of ovarian 
function [5, 98–103].

20.7.4  Interval Salpingectomy 
with Delayed Oophorectomy 
in High-Risk Women

Interval salpingectomy with delayed oophorec-
tomy is a newer risk management option to pre-
vent ovarian cancer in high-risk women. This 
strategy involves bilateral salpingectomy at the 
completion of childbearing followed by bilateral 
oophorectomy at a later date to defer menopausal 
symptoms at an early age. Risk-reducing salpin-
gectomy comprises of peritoneal washings, 
removal of the entire fallopian tube, and excision 
of the ovarian capsule adhered to the fimbria. 
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The  specimen is meticulously processed using 
detailed sectioning and extensive examination of 
the fimbriated end is done (SEE-FIM) method 
[96, 97].

Though this alternative looks promising, its 
effectiveness should be taken with due caution as 
there is no actual data available to substantiate 
this hypothesis. Several studies are in progress, to 
determine the feasibility and effectiveness of this 
strategy in the prevention of ovarian cancer in 
high-risk women [104–108]. A Markov Monte 
Carlo simulation-based study reported that bilat-
eral salpingo-oophorectomy at the age of 40 years 
offers the greatest risk reduction for breast and 
ovarian cancers among the BRCA mutation carri-
ers at minimum cost. However, when quality-of- 
life years are taken into considerations, 
salpingectomy at the age of 40 years followed by 
delayed oophorectomy at the age of 50  years 
offers the highest quality-adjusted life expec-
tancy with incremental cost-effectiveness ratios 
of $37,805 and $89,680 per quality-adjusted life- 
year for BRCA1 and BRCA2, respectively [109].

This approach lacks the best security for both 
ovarian and breast cancers. The fallopian tube is 
contemplated as the putative precursor of most 
serous ovarian cancer, nonetheless for all ovarian 
cancer. Retaining the ovaries for a few suscepti-
ble years may not completely protect against 
ovarian cancer. Delaying oophorectomy would 
additionally demand screening, chemopreven-
tion, and bilateral mastectomy at an early age. 
Other hitches are uncertain compliance for the 
delayed oophorectomy and the recurring risks of 
surgery.

20.7.5  Tubal Ligation

Women who undergo permanent sterilization 
by bilateral tubal ligation are recognized to 
have relatively lower risk of ovarian cancer 
since the 1980s [110–114]. A meta-analysis 
done by Cibula et al. [115] in 2010 analyzed 13 
carefully selected studies and reported reduc-
tion in the risk of EOC by 34% after tubal liga-
tion (RR  =  0.66, 95% CI 0.60–0.73). Tubal 
ligation was associated with higher reductions 

for endometrioid invasive cancers (RR = 0.40, 
95% CI 0.30–0.53) in comparison with the 
other histological types. Recent meta-analyses 
by Rice et  al. [116] also observed similar 
results. It should be noted that tubal ligation as 
an ovarian cancer prevention strategy in high-
risk women is still not recommended  
[115, 117].

20.8  Nonsurgical Risk Reduction: 
Chemoprevention

Oral contraceptive pills (OCPs), metformin, and 
aspirin have been investigated for chemopreven-
tion. However, randomized controlled trials are 
unavailable. Below we briefly outline some of the 
key properties and functional roles of these risk- 
reducing chemopreventive agents.

20.8.1  OCP

OCPs appear to be a promising, nonsurgical pri-
mary prevention strategy for ovarian cancer 
[118]. Several studies have demonstrated a lower 
overall ovarian cancer risk in OCP users as com-
pared to nonusers [118–120]. Havrilesky et  al. 
published a random effect meta-analysis of 24 
case-control and cohort studies, comparing the 
risk of ovarian cancer risk in “ever-user” with 
“never-user” of OCPs with average risk. The 
authors observed that there was a 27% reduction 
in the ovarian cancer risk in women who have 
ever used OCPs. The odds ratio (OR) for the 
ever-use group compared with the never-use of 
OCPs was 0.73 (95% CI 0.66–0.81). Analysis of 
ten case-control studies and five cohort studies 
showed a significant duration-response relation-
ship, with the risk reduction of more than 50% 
among the women using OCPs for 10 or more 
years. Furthermore, the relative composition of 
hormone doses in OCPs was not found to have 
any effect on the ovarian cancer incidence. 
Progesterone-only pills were not found to be 
 protective [121]. Similar protection for ovarian can-
cer is reported in the BRCA1 and BRCA2 mutation 
carriers [122]. A meta-analysis published in 2013 
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[123] determined the risks of ovarian cancer and 
breast cancer associated with oral contraceptive(OC) 
use among the women at elevated risk for heredi-
tary breast and ovarian cancers. The analysis 
revealed a significant risk reduction of ovarian 
cancer (OR 0.58; 95% CI, 0.46–0.73) and a non-
statistically significant higher risk of breast can-
cer (OR, 1.21; 95% CI, 0.93–1.58) in OC users. 
The association of OC with the higher risk of 
breast cancer was inconsistent and inconclusive. 
Based on the aforementioned meta-analysis, 
OCPs can be advocated as an alternative chemo-
preventive strategy in the high-risk women but 
used with discretion.

20.8.2  Metformin

Many studies have discerned a significant antip-
roliferative and pro-apoptotic effect of metformin 
on cancer cells. Metformin triggers adenosine 
monophosphate (AMP)-activated protein kinase 
(AMPK) that, in turn, inhibits the mammalian 
target of rapamycin complex 1 (mTORC1), 
which further inhibits cancer cell proliferation. 
Metformin also activates LKB1 (serine/threonine 
kinase 11), a tumor suppressor gene [124–128]. 
Metformin has shown to be a chemoprevention 
strategy in translational studies; however clinical 
evidence is largely lacking [129].

20.8.3  Aspirin

Aspirin is associated with reduced risk of various 
malignancies [130]. There are multiple small 
studies examining the role of aspirin in chemo-
prevention of ovarian cancer [131–133]. Trabert 
et  al. performed a meta-analysis of 12 case- 
control studies, comprising of 10,161 ovarian 
cancer patients and 12,382 control subjects. The 
analysis reported the risk reduction of EOC by 
9% in at least once per week aspirin users and 
20% in daily users. Risk reduction was as high as 
34% among the women taking daily low-dose 
aspirin. The risk reduction was seen for serous, 
endometrioid, and mucinous subtypes. No data 

specific to the BRCA carriers are available yet. 
There is inconclusive information on the duration 
of the use and risk reduction. In the subtype anal-
yses, regular aspirin use was associated with a 
significant risk reduction in serous cancers 
(OR = 0.89; 95% CI = 0.80–0.99) [130]. However, 
further research is mandated before the utiliza-
tion of aspirin as a chemopreventive agent for 
ovarian cancer in both the high-risk and average- 
risk population.

20.8.4  Lifestyle Modification

Like other cancers, one of the most important 
modifiable risk factors for ovarian cancer are 
obesity and sedentary lifestyles, particularly in 
the Western world [134–136]. Pregnancy and lac-
tation are also linked to protection against ovar-
ian cancer. High-risk women should be advised 
to have early pregnancy and prolonged breast 
feeding to have some protection against breast 
cancer [137–139].

20.9  Conclusion

Despite advances in preventative medicine, 
strategies to curb incidence of ovarian cancer 
in general population still fall behind. Insights 
into the dual pathogenesis of ovarian cancer 
are expected to open doors for new strategies 
for screening and preventive programs for epi-
thelial ovarian cancer. Continued molecular 
characterization of epithelial ovarian cancer 
will allow discovery of more specific tumor 
markers and susceptibility genes. In the light 
of accumulated evidence, bilateral salpingo-
oophorectomy is the only effective way to 
reduce the risk of epithelial ovarian cancer in 
high-risk women. Gynecologists should advise 
genetic counseling for all women with epithe-
lial ovarian cancer. It is also recommended that 
physicians advise genetic counseling and 
BRCA testing if indicated, in women with 
family history of breast, ovarian, tubal, or peri-
toneal cancer.
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Key Points
• About 15–23% of all the ovarian cancer cases 

are caused by hereditary or genetic factors.
• Screening for the early detection of ovarian 

cancer in asymptomatic, average-risk women 
is not recommended.

• RRSO is indicated only for the women at high 
risk for breast and ovarian cancers. Prophylactic 
salpingo-oophorectomy in these high-risk 
women has been established to reduce the risk 
of ovarian cancer by about 80%.

• Opportunistic bilateral salpingectomy might 
have potential role in the prevention of ovarian 
cancer in the average-risk women.

• Genetic testing for all women with high-grade 
epithelial tumors is recommended.
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21.1  Introduction

Over the last few decades, an increasing trend in 
the incidence of high-grade preinvasive vulvar 
lesions, also at a younger age, has been reported 
[1]. The incidence of invasive vulvar cancer is 
also on the rise, though less compared to the rise 
in preinvasive lesions [2]. The Surveillance, 
Epidemiology, and End Results (SEER) data 
reported and estimated 6020 new cases in 2017 
with an incidence of 2.5 per 100,000 women per 
year. The number of deaths was 0.5 per 100,000 
women per year. Approximately 0.3% of women 
will be diagnosed with vulvar cancer at some 
point during their lifetime, based on 2012–2014 
data [3].

Though almost 85% of high-grade vulvar 
intraepithelial neoplasia (VIN) lesions are 
related to human papilloma virus (HPV), HPV 
DNA is detectable only in 40% of the invasive 
cancers [4]. In elderly women, many of the HPV-
negative vulvar malignancies are associated with 
chronic dermatologic conditions such as lichen 
sclerosus [5].

21.2  Classification of VIN

VIN and vulvar squamous cell carcinoma 
(VSCC) represent neoplastic changes in the epi-
thelium of the vulva. The causes of VIN and 
VSCC can be broadly categorized into two cat-
egories: (1) HPV-related and (2) non-HPV-
related inflammatory skin conditions such as 
lichen sclerosus. The earlier terminology of vul-
var lesions did not distinguish the etiopatho-
genic pathways [6] nor the different malignant 
potential of these lesions. Over the years, clas-
sification and terminology for VIN have been 
revised to be able to do so. The latest revision 
was recommended by the International Society 
for the Study of Vulvovaginal Disease (ISSVD) 
in 2015 [7].

21.3  Evolution of Nomenclature

The first description of squamous preinvasive 
lesions of the vulva was around a century ago.

In 1912, J. T. Bowen, a dermatologist, noted 
hyperplasia of the epidermis of the vulva with 
absence of the stratum granulosum along with 
increased mitoses and clumping of the nuclei. 
There was no evidence of dermal invasion; how-
ever, he did speculate that these lesions may be 
precancerous [8].K. A. Kulkarni (*) · G. Acharya · G. Sumangala 
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After a decade, Hudelo et al. coined the term 
‘erythroplasiform dyskeratosis of the vulvar 
mucosa’ to describe the histological features of 
Bowen’s disease [9].

More such cases were reported in the 1940s 
with one case being associated with vulvar squa-
mous cell carcinoma highlighting the possibility 
of progression to malignancy [10].

The term ‘carcinoma in situ’ (CIS) was pro-
posed by Woodruff et al. in 1958, to reduce the 
variability in the terminology used to describe the 
precursor lesions [11].

Based on their observations in 1961 on a rela-
tively large number of carcinomas of the vulva, 
Abell and Gosling [12] reported that intraepithe-
lial squamous cell carcinoma of the vulva exists 
in three forms:

• Intraepithelial carcinoma simplex, associated 
with leukoplakic vulvitis

• Intraepithelial carcinoma of Bowen’s type
• Intraepithelial carcinoma of Paget’s type

Kaufman in 1965 classified the premalignant 
lesions of the vulva as Queyrat erythroplasia, 
bowenoid carcinoma in situ and carcinoma sim-
plex [13].

Some studies reported spontaneous regression 
of lesions similar to CIS, especially in young 
pregnant women [14, 15]. This made it evident 
that there was a difference in the natural history 
of some lesions.

The term ‘intraepithelial neoplasia’ was first 
proposed by Richart in 1967 and subsequently by 
Crum in 1982. The terminology was instituted 
initially for lesions of the cervix and, later, the 
vulva [16].

The term bowenoid papulosis of the genita-
lia was described by Wade et al. in 1979, with 
many giving a history of preceding viral infec-
tion. These lesions on histopathological exami-
nation revealed features of carcinoma in situ 
and stated that bowenoid papulosis was a new 
entity whose clinical behaviour was unknown if 
left untreated [17].

21.4  Role of the International 
Society for the Study 
of Vulvovaginal Disease 
(ISSVD)

A society composed of dermatologists, pathologists, 
and gynaecologists has contributed significantly in 
determining the terminology used for vulvar lesions 
over the years since its inception in 1970.

21.4.1  ISSVD (1976)

In 1976, ISSVD came up with a new terminology 
with the idea of reducing the confusing array of 
terms. They proposed the term ‘squamous cell 
carcinoma in situ’ and ‘hyperplastic dystrophy’. 
Hyperplastic dystrophy was further qualified as 
mild, moderate or severe atypia [18].

In 1982, the term ‘VIN’ was first introduced [19], 
and the ISSVD adopted it as a general category of 
intraepithelial squamous neoplasms in 1986.

21.4.2  ISSVD (1986)

The ISSVD subdivided the terminology into the 
following categories:

• Squamous (may include HPV change):
 – VIN 1—mild atypia
 – VIN 2—moderate atypia
 – VIN 3—severe atypia, carcinoma in situ

• Non-squamous: Paget’s disease and mela-
noma in situ.

• The additional category, ‘VIN III, differenti-
ated type’, was also introduced to include 
cases associated with dermatologic conditions 
such as lichen sclerosus [20].

21.4.3  ISSVD (2004)

Over the ensuing years, it was quite evident that VIN 
1, 2 and 3 did not exist on a biological continuum, as 
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earlier thought. VIN 1 composed of condyloma acu-
minatum and was associated with low-risk HPV 
types 6 and 11. It did not carry a risk of progression 
to invasive lesion. However, VIN 2 and 3 were asso-
ciated with high-risk HPV types and carried a risk of 
progression to squamous cell carcinoma.

Inclusion of VIN 1 in the earlier classification 
led to overdiagnosis and unnecessary interven-
tions in low-grade disease and misunderstanding 
the HPV effect on vulvar lesions [6].

Considering the difference in risk of progres-
sion and prognosis, VIN 1 was dropped, and 
ISSVD proposed a two-tier classification system 
in 2004 [21]:

• Usual VIN (uVIN): It includes lesions previ-
ously classified as VIN 2 and VIN 3. It is sub-
divided into warty, basaloid, and mixed types 
and is associated with HPV infection.

• Differentiated VIN (dVIN): It is associated 
with dermatologic conditions such as lichen 
sclerosus, not associated with HPV infection.

21.5  Other Classifications

21.5.1  World Health Organization 
(WHO) Classification

In 2003 WHO had come up with a similar clas-
sification and continued to use the VIN 1 as a 
small proportion of VIN 1 cases were associated 
with high-risk HPV [22]. WHO revised this clas-
sification in 2014.

21.5.2  Bethesda System-Like 
Classification (2005)

In 2005, Medeiros et al. [23] proposed a classifi-
cation scheme similar to the Bethesda system for 
cervical precursor lesions:

• Low-grade vulvar intraepithelial lesion (LG- 
VIL) category which encompassed several 
variants of condyloma

• High-grade VIL category (HG-VIL) which 
included uVIN and dVIN

21.5.3  Recent Classification Systems

21.5.3.1  Lower Anogenital Squamous 
Terminology (LAST) 2012

After almost 100  years of evolution, there was 
some consensus among multiple committees, all 
supporting the terminology ‘squamous intraepi-
thelial lesion’ (SIL). The College of American 
Pathologists (CAP) and American Society for 
Colposcopy and Cervical Pathology (ASCCP) 
jointly published the Lower Anogenital 
Squamous Terminology (LAST) guidelines in 
2012 [24], unifying the terminology in consensus 
with ISSVD. It applied to all HPV lesions involv-
ing the cervix, vulva, vagina, anus, perineum and 
penis, under two headings:

• Low-grade squamous intraepithelial lesion 
(LSIL), equivalent to uVIN 1

• High-grade squamous intraepithelial lesion 
(HSIL) encompassing uVIN 2 and uVIN 3

The intraepithelial neoplasia (IN) grade could 
be included in parentheses, if so desired. The 
LAST terminology was thought to be more 
reproducible and biologically relevant compared 
to the earlier systems; however, it was not appli-
cable to the non-HPV-related lesions. Another 
fallacy of the LAST terminology was that it rein-
troduced the concept of VIN 1 as LSIL.

21.5.3.2  The WHO 2014 Classification
WHO accepted the SIL terminology but in 
addition included dVIN as a separate category 
[25].

The WHO currently classifies vulvar lesions 
into two different lesions of the squamous epithe-
lium based on the pathogenesis (HPV-induced or 
HPV-negative).

Squamous intraepithelial lesion (SIL): SIL 
includes HPV-associated intraepithelial lesions 
and is further categorized into LSIL and HSIL 
similar to cervical and vaginal lesions.

Differentiated VIN (dVIN): dVIN refers to 
HPV-negative lesions which arise in the context 
of dermatoses (lichen sclerosus and lichen pla-
nus). In contrast to HPV-associated lesions (SIL), 
severity of dVIN is not graded.
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While vulvar LSIL has a high rate of sponta-
neous remission, HSIL and dVIN have a signifi-
cant risk of progression to invasive carcinoma. 
dVIN, though less common than HSIL, pro-
gresses faster to invasive carcinoma [26].

21.5.3.3  ISSVD 2015
The rationale for changing the terminology in 2015 
by ISSVD was to address two major concerns of 
the LAST terminology: (1) it did not include dVIN 
lesions, and (2) it had reintroduced the concept of 
LSIL corresponding to VIN 1 with a potential 
increase in overdiagnosis and overtreatment [7].

The ISSVD 2015 recommends the following 
terms:

• Low-grade squamous intraepithelial lesion of 
the vulva (vulvar LSIL) which includes exter-
nal genital warts corresponding to VIN 1 
lesions (Fig. 21.1)

• High-grade squamous intraepithelial lesion of 
the vulva (vulvar HSIL) (Fig. 21.2)

• DVIN: vulvar intraepithelial neoplasia, 
differentiated

The committee came to a conclusion that a 
modified form of the WHO 2014 classification 
would address both the concerns regarding the 
LAST terminology. The version that was finally 
adopted by the ISSVD does contain 
LSIL. However, the word ‘neoplasia’ is replaced 
by ‘lesion’, and in parentheses, it needs to be stated 
whether the meaning of this term is a flat condy-
loma or HPV effect. This expresses the approach 
of the ISSVD that LSIL is not precancerous and 
does not need to be treated, unless symptomatic.

The term HSIL is used, maintaining in paren-
theses the previous term of usual VIN. Table 21.1 
shows comparison between dVIN and HSIL.

‘Vulvar intraepithelial neoplasia differenti-
ated’ is the third category, just as in the previous 
ISSVD terminologies.

This terminology was presented, discussed 
and accepted by a majority vote at the ISSVD 
World Congress on 28 July 2015. The ISSVD 
executive council recommends that the present 
terminology replace all previous versions of ter-
minology of VIN.

Fig. 21.1 Genital wart. Low-grade squamous intraepi-
thelial lesion

Fig. 21.2 High-grade squamous intraepithelial lesion
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Table 21.1 Comparison between dVIN and HSILa

Age
dVIN HSIL
Sixth to eighth decade Third to fifth decade

Percentage of all vulvar preinvasive 
diagnosis

5 95

Multifocality Unusual >50%
Smoking Not associated Associated in 60%
Associated conditions Chronic inflammatory dermatosis, most 

commonly lichen sclerosus
Only 1.5% dVIN HPV+

>80% HPV+

Pigmented clinically Unknown 10%
Progression to carcinoma 35% 5%
Time from biopsy to invasion 23 months 41 months
Recurrence Common less common than dVIN but 

significant at 15–50%
Immunohistochemistry Commonly p53+, basal and suprabasal 

layers
p16 block positivity

Adnexal extension (follicles and 
sebaceous glands)

Rare Common

Most common invasion histology if 
progresses

Keratinizing SCC Warty/basaloid SCC

dVIN differentiated vulvar intraepithelial neoplasia, HSIL high-grade squamous intraepithelial lesion, SCC squamous 
cell carcinoma
aReprinted from Obstetrics and Gynecology Clinics of North America, 44(3), Allbritton JI, Vulvar neoplasms, benign 
and malignant, 339-352, Copyright 2017, with permission from Elsevier

Table 21.2 Evolution of nomenclature for vulvar pre invasive lesionsa

ISSVD 1976 ISSVD 1986
ISSVD 2004, 
WHO 2003

Bethesda-like 
(2005)

LAST 2012
WHO 2014
ISSVD 2015

Mild atypia VIN I b LG-VIL
  – Condyloma
  – VIN 1

LSIL—VIN 1, condyloma, mild 
dysplasia, koilocytic atypia

Moderate/severe 
atypia, CIS

VIN II, VIN III, 
CIS

uVIN – VIN 2, 
3

HG–VIL—VIN 
2, 3

HSIL—VIN 2, 3
Moderate/severe dysplasia, CIS

VIN III, 
differentiated type

dVIN dVIN dVINc

CIS carcinoma in situ, dVIN differentiated type VIN, HG-VIL high-grade vulvar intraepithelial lesion, HSIL high-grade 
squamous intraepithelial lesion, ISSVD International Society for the Study of Vulvovaginal Disease, LAST lower ano-
genital squamous terminology, LG-VIL low-grade vulvar intraepithelial lesion, LSIL low-grade squamous intraepithe-
lial lesion, uVIN usual-type VIN, VIN vulvar intraepithelial neoplasia, WHO World Health Organization
aReprinted from Pathology, 48(4), Hoang LN, Park KJ, Soslow RA, Murali R, Squamous precursor lesions of the vulva: 
current classification and diagnostic challenges, Pathology, 291-302, Copyright 2016, with permission from Elsevier
bThe 2004 ISSVD no longer recognized VIN, but the 2003 WHO retained the designation
cdVIN not included in the LAST guidelines

A brief summary stating the various nomen-
clature classifications is depicted in Table 21.2.

Table 21.3 depicts the latest classification sys-
tem proposed by the ISSVD 2015.
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21.6  Risk Factors for Vulvar 
Intraepithelial Lesions

Women with vulvar dermatological problems visit 
various healthcare professionals such as gynaeco-
logists, dermatologists, primary-care physicians 
and nursing personnel. With the incidence of VIN 
on the rise and with a potential to progress to 
malignancy, early diagnosis of VIN is important.

The incidence of both uVIN and dVIN has 
increased over the last few decades, while the 
incidence of VSCC has remained relatively unal-
tered [1].

21.6.1  Race

The incidence of VIN is reported to be higher 
among white women compared to black, Asian/
Pacific Islander or Hispanic women [27].

21.6.2  Age

VIN, usual type, is regarded as a disease of pri-
marily younger women, 3rd to 5th decade of life. 
Several studies report that the mean age of 
women diagnosed with VIN 3 has reduced over 
the years which coincided with an increased inci-
dence of VIN 3 [28].

There is often a second peak in incidence of 
VIN in the 60- to 80-year range, which may 
reflect the peak incidence of differentiated-type 
VIN.  Differentiated VIN comprises less than 
5–30% of all VIN [29]. Older women with VIN 
have a higher risk of progression to 
malignancy.

21.6.3  Behaviour

The increased incidence of VIN is probably a 
result of certain behavioural changes such as 
increased sexual promiscuity, HPV, smoking and 
improved awareness of the disease [30], which 
also correlate with presence of intraepithelial 
lesions in the rest of the lower genital tract such 
as the cervix and vagina.

21.6.4  Risk Factors for Progression 
to Invasive Carcinoma

Studies have reported presence of dVIN adjacent 
to VSCC in approximately 40% of the cases. 
These findings implied that dVIN was more 
likely to progress to VSCC than uVIN (32.8% vs. 
5.7%) and in a shorter time (22.8  months vs. 
41.4  months) than uVIN [31, 32]. A history of 
prior, synchronous or subsequent VSCC is more 

Table 21.3 Squamous intraepithelial neoplasia—ISSVD 2015 terminologya

ISSVD 2015 terminology Significance Alias terminology
Low-grade squamous 
intraepithelial lesion of the vulva

Infection with low-risk HPV causing viral 
cytopathic effect, atypia in less than or 
equal to lower third of the vulvar epithelium 
without cytopathic effect

Flat condyloma
Condyloma accuminatum
VIN 1
Mild dysplasia

High-grade squamous 
intraepithelial lesion of the vulva

Premalignant change in more than a third of 
the epithelium with basaloid/warty 
appearance, signifies infection with 
high-risk HPV

Usual VIN, VIN 2, 3
Moderate/severe dysplasia 
Intraepithelial carcinoma, Bowen 
type

Differentiated VIN Premalignant change often associated with 
an inflammatory dermatosis (e.g. lichen 
sclerosus), rather than HPV, more 
aggressive than high-grade squamous 
intraepithelial lesion

Simplex-type VIN
Intraepithelial carcinoma, simplex 
type
Squamous cell hyperplasia with 
atypia

HPV human papilloma virus, VIN vulvar intraepithelial neoplasia
aData from [7]

K. A. Kulkarni et al.



281

often found in dVIN than uVIN (85.7% vs. 
25.7% for uVIN) [30].

dVIN are less prevalent, probably because 
they are transient and/or underreported or 
 underdiagnosed; however, they carry a higher 
malignant potential than uVIN.

Risk factors for malignant progression in 
uVIN included advanced age, radiotherapy and 
immunocompromised status [33].

Human papilloma virus and VIN: Prior to the 
understanding of the role of HPV as the causative 
agent of cervical carcinoma, multiple etiological 
agents were implicated such as herpes simplex 
virus (HSV), arsenic and even granulomas [11].

Subsequently research revealed that HPV was 
found to be responsible for the vast majority of 
anogenital squamous carcinomas and was also 
detected in VIN [34, 35].

HPV infection is strongly associated with 
uVIN. Many studies have reported a HPV posi-
tivity of >80% [36–38].

HPV16 was the most common type (77.2%), 
followed by HPV33 (10.6%) and HPV18 (2.6%). 
Over 90% of LSIL were attributed to low-risk 
HPV types 6 and 11 [39].

The rate of positivity of high-risk HPV in uVIN 
is disproportionately higher than that seen in vulvar 
squamous cell carcinoma. In a study of 1709 
VSCC, only 28.6% of cases harboured HPV [40]. 
This discrepancy led investigators to explore alter-
native HPV-independent pathways to VSCC, lead-
ing to the identification of dVIN as a separate 
oncogenic pathway to VSCC.  A cumulative 134 
cases of dVIN have been tested for HPV in the lit-
erature, of which only 2 (1.5%) were positive [41].

Failure of the immune system to produce an 
effective response to high-risk HPV is related to 
virus persistence and host factors such as age, 
smoking and sexual behaviour. With the persis-
tence of high-risk HPV infection, viral oncopro-
teins E6 and E7 can interfere with important 
control mechanisms of the cell cycle leading to 
malignancy.

Immunization with the quadrivalent or 
9-valent human papillomavirus vaccine, which is 
effective against human papillomavirus geno-

types, has been shown to decrease the risk of vul-
var high-grade squamous intraepithelial lesion 
(HSIL) (VIN usual type) [42].

21.6.5  Smoking and VIN

It has been found that there is a strong associa-
tion between cigarette smoking and various neo-
plasms, including vulvar intraepithelial 
neoplasia. These women present with VIN at a 
younger age. The percentage of cigarette smok-
ers within the study cohort was similar to that of 
cervical cancer [43] and had multicentric dis-
ease. Smokers are more likely to have microin-
vasion at the first excision and were not cured in 
a single session, needing multiple sessions of 
therapy [44]. Women who continued to smoke 
after treatment were 30 times more likely to have 
persistent vulvar disease. A complete assessment 
of these cases should include proctoscopy in 
addition to the colposcopic examination of the 
cervix and vagina [44].

21.6.6  Immunosuppression

Immunosuppression has been reported to increase 
the incidence of intraepithelial lesions and also 
the risk of progression to invasive disease. 
Therefore, the need for follow-up is heightened 
among these women.

• Iatrogenic immunosuppression: Women who 
have had renal transplants have been shown to 
be up to 40 times more at risk of vaginal or 
vulvar cancers and more likely to develop 
genital tract dysplasia [45].

• Chronic steroid use with autoimmune disor-
ders and post chemotherapy is also associated 
with increased incidence of VIN [46].

• Human immunodeficiency virus (HIV): A 
meta-analysis of 50,000 women with human 
immunodeficiency virus (HIV) reported a rela-
tive risk for VIN of 4.6 and 5.8 for invasive can-
cer of the vulva and vagina, respectively [47]. 
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HIV-positive women frequently present at a 
younger age with multifocal and multicentric 
disease. Close surveillance of the lower genital 
tract is mandatory to enable early recognition 
and treatment of any suspicious lesions. Close 
follow-up after treatment of VIN is essential to 
exclude early recurrence or progression [48].

21.6.7  Chronic Dermatologic 
Conditions

• Lichen sclerosus (LS): Lichen sclerosus (LS) 
is a chronic non-neoplastic, non-infectious, 
inflammatory skin disorder with a predilection 
for the genital area with a chronic relapsing 
remitting course. The condition is currently 
considered as an autoimmune disorder occur-
ring in genetically predisposed patients. LS 
predisposes to infections such as candidiasis, 
herpes or HPV-related lesions due to long- 
term usage of topical steroids.
LS is frequently seen in association with 
dVIN. Long-term studies have shown that LS 
has 1–3% of progression to VSCC [49, 50] 
(Fig. 21.3).
LS has been referred to as atypical LS when 
there is basal nuclear atypia. Atypical LS may 
show increased p53 staining and may repre-
sent a very early form of dVIN [31].
LS with hyperplasia, dyskeratosis and para-
keratosis, referred to as hypertrophic LS, may 
or may not have increased risk of progression 
to VSCC [51].
It has been proposed that dVIN can develop 
from lichen sclerosus and that the presence of 
both strongly increases the cancer risk, espe-
cially in women >70  years of age. Women 
with lichen sclerosus with concurrent VIN 
had a 10-year VSCC risk of 18% compared 
with 3% in lichen sclerosus women without 
VIN [52].
As a supporting observation, several authors 
have found both dVIN and lichen sclerosus 
adjacent to VSCC in 25–65% of the cancer 
cases [53]. dVIN should be suspected if there 
is any circumscribed lesion resistant to ultra-
potent topical corticosteroids.

Further studies with long-term follow-up are 
needed to clarify the natural history of LS, 
atypical LS and hypertrophic LS.

• Lichen planus (LP): Vulvar LP is a chronic 
condition, with an unpredictable relapsing and 
remitting course. Transformation into squa-
mous cell carcinoma is rare but documented, 
especially with erosive LP. It is likely that LP, 
like LS, has a precursor stage which is resis-
tant to steroids (differentiated VIN, acanthotic 
LP or usual VIN) before progressing into 
malignancy [54].

21.6.8  Other Preinvasive Conditions

21.6.8.1  Vulvar Pagetʼs Disease (VPD)
The World Health Organization (WHO) defines 
VPD as ‘an intraepithelial neoplasm of epithelial 
origin expressing apocrine or eccrine glandular- 

Fig. 21.3 Vulvar squamous cell carcinoma with a back-
drop of lichen sclerosus
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like features and characterized by distinctive 
large cells with prominent cytoplasm, referred to 
as Paget cells’. It is further classified as primary 
(cutaneous) and secondary (non-cutaneous) 
VPD [55].

Primary (cutaneous) VPD:

• Type 1a: Intraepithelial lesion without dermal 
invasion

• Type 1b: Dermal invasion of Paget’s cells
• Type 1c: Cutaneous vulvar disease as a mani-

festation of an underlying vulvar 
adenocarcinoma

Secondary (non-cutaneous VPD):

• Type 2: VPD originates from rectal or anal 
adenocarcinoma

• Type 3: VPD originates from urogenital 
neoplasia

In approximately 25% of the cases, VPD is 
invasive; in these cases, the prognosis is worse 
than in non-invasive cases. Recurrence rates in 
invasive VPD are high, 33% in cases with clear 
margins, and even higher when surgical margins 
are not clear, regardless of invasion.

21.6.8.2  Melanoma In Situ
Melanoma in situ is an uncommon pigmented 
nonepithelial vulvar preinvasive lesion. The 
lesion may be clinically similar to more common 
benign pigmented lesions such as melanosis. 
Biopsy is a must for diagnosis. The risk of pro-
gression to malignancy is unknown, though doc-
umented [56]. The in situ phase may extend over 
a long period of time.

21.7  Conclusion

The incidence of high-grade preinvasive dis-
ease of the vulva is increasing and that too in 
the younger age group. Majority of VIN is 
associated with HPV infection though in 
elderly women many of the vulvar malignan-
cies are HPV- negative and are associated with 
chronic dermatologic conditions. The common 

risk factors for VIN are persistent high-risk 
HPV infection, smoking, immunosuppression, 
promiscuous sexual behaviour and presence of 
chronic dermatologic conditions such as lichen 
sclerosus and lichen planus. A high index of 
suspicion for VIN in women with these risk 
factors can help in diagnosing the disease 
early.

Key Points
• Increasing trend in the incidence of high- 

grade preinvasive vulvar lesions at a younger 
age has been reported with a relatively stable 
incidence of invasive cancer.

• The terminology for vulvar epithelial lesions 
has been modified many times over the years. 
The present recommended terminology is the 
one proposed by ISSVD in 2015.

• VIN has dual oncogenic pathways: HPV- 
related and non-HPV-related, reflected in the 
present classification systems as LSIL, HSIL 
for HPV-related lesions and dVIN for non-
HPV-related lesions.

• dVIN, though less common, has a higher risk 
of progression to malignancy, especially with 
advanced age.

• The common risk factors for VIN are persistent 
high-risk HPV infection, smoking, immunosup-
pression, promiscuous sexual behaviour and 
presence of chronic dermatologic conditions 
such as lichen sclerosus and lichen planus.

• Non-squamous intraepithelial lesions are 
extramammary Paget’s disease and melanoma 
in situ.
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22.1  Introduction

Vulvar squamous cell carcinoma (SCC) has two 
different causal pathways, a HPV-related and a 
non-HPV-related pathway with two well-defined 
precursor lesions, namely, the vulvar high-grade 
squamous intraepithelial lesion (HSIL) or uVIN 
(Figs. 22.1, 22.2, and 22.3) and the differentiated 
(simplex) vulvar intraepithelial neoplasia (dVIN). 
The HSIL arises from infection from high-grade 
human papilloma virus (HPV), whereas the dVIN 
arises from chronic dermatosis such as lichen 
sclerosus (LS) and lichen planus of the vulva [1, 
2]. The lower anogenital squamous terminology 
(LAST) unified all the HPV-related disease of the 
lower anogenital tract in 2012. The LAST termi-
nology did not address the differences in the 
malignant potential between the two disease path-
ways of vulvar intraepithelial neoplasia (VIN). 
The World Health Organization modified the ter-
minology in 2014, which was accepted by the 
International Society for the Study of Vulvovaginal 
Disease (ISSVD) in 2015, and dVIN is included 
as a lesion of malignant potential distinct from 
HSIL [3] (Table 22.1). More than 80% of VIN are 
HPV-related, whereas 80% of the squamous 

 cancers of the vulva are  non- HPV associated and 
are found to have a coexisting inflammatory skin 
disease like LS. LS is not a premalignant disease 
but the dVIN which is seen in the background of 
LS has a higher rate of progression in a shorter 
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Fig. 22.1 Single, large, white-pink-gray-black plaque of 
HSIL of the left labia majora and minora
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time interval [1, 4, 5]. Nearly 20% of SCC are 
said to progress from HSIL [1, 6].

The non-squamous vulvar intraepithelial 
lesions include the extramammary Paget disease 
(EMPD) and melanoma in situ (MIS).

• Vulvar Paget disease is a rare intraepithelial 
adenocarcinoma arising from apocrine, eccrine, 
or mammary-like glands in the vulva and 
accounts for about 1% of vulvar malignancies, 
and 80% of EMPD arises in the vulva [7]. It is 
classified into primary cutaneous and second-
ary non-cutaneous forms. Secondary EMPD 
arises from an underlying non-cutaneous ade-
nocarcinoma with the primary from the breast, 
pancreas, endometrium, bladder, stomach, and 
rectum. Dermal invasion is seen in 16% [8].

• Dysplastic nevi or melanoma in situ (MIS) is a 
rare pigmented vulvar premalignant lesion. 
This is known to have a slow progression to 
invasive melanoma [9]. Dysplastic nevi are 
considered as a risk factor for melanoma 
rather than a premalignant lesion [10].Fig. 22.2 HSIL and invasive SCC in HIV-positive patient

Fig. 22.3 HSIL and 
invasive SCC (patient 
had HSIL of cervix- 
multicentric HPV 
infection)
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22.2  Detection of Precancerous 
Lesions of the Vulva

22.2.1  High-Grade Squamous 
Intraepithelial Lesion

HSIL of the vulva is usually asymptomatic, but 
women may present with pruritis, irritation, burn-
ing, and pain. They sometimes present with prob-
lems with urination, defecation, or sexual 
intercourse. Few women may complain of a 
definitive vulvar lesion [11]. HSIL is often diag-
nosed in younger women, and as in cervical dys-
plasia, it is associated with smoking and 
immunosuppression. As nearly 40% of women 
can be asymptomatic, routine vulvar inspection 
during gynecologic examination is important. 
Commonest affected sites are the labia majora 
and minora and the fourchette [11]. The perianal 
area and the anal canal may also be involved. The 
lesions can be flat or raised, with or without fis-
sures, erosions, or ulcers. The color can vary 
from red to brown to black or from white to gray. 
The lesions can be multifocal and multicentric in 
HSIL [12]. Hence, a careful examination of the 
lower anogenital tract (cervix, vagina, vulva, 
perineum, and perianal areas) is mandatory. 
Warts or condyloma acuminatum is benign squa-
moproliferative lesions caused by low-grade 
HPV and is not a cancer precursor lesion. Hence, 
all warty lesions need not be biopsied, but warts 
in postmenopausal women, human immunodefi-
ciency virus (HIV)-seropositive patients, and 
patients on immunosuppression after organ trans-
plant may need a biopsy even when the level of 
suspicion is low [13].

Differentiated VIN is reported less frequently 
than HISL and occurs in older women as 

 compared to those with HSIL. Patients are symp-
tomatic and complain of long-lasting itching and/
or burning due to the underlying dermatosis. 
dVIN is often misinterpreted clinically due to 
extremely subtle changes of white and pink 
patches in the background of benign dermatosis. 
Sometimes this can even be mistaken in histopa-
thology [14]. Lichen sclerosis and its associated 
changes can be seen adjacent to invasive SCC 
rather than dVIN (Fig. 22.4). It is proposed that 
dVIN is not often diagnosed as it has a relatively 
short intraepithelial phase before it progresses to 

Table 22.1 Classification systems for VIN

ISSVD 1986
WHO 
1994 ISSVD 2004

LAST 
2013 WHO 2014 ISSD 2015

VIN 1 LISL Flat condyloma, 
HPV effect

LISL LSIL LSIL (vulvar LSIL, flat 
condyloma, or HPV effect)

VIN 2, 3 HSIL VIN, usual type
  (a) warty
  (b) basaloid
  (c) mixed

HSIL HSIL HSIL (vulvar HSIL, VIN usual 
type)

VIN 3, 
differentiated type

VIN, differentiated 
type

VIN, 
differentiated

DVIN

Fig. 22.4 Severe LS showing thin wrinkled skin with 
SCC.  Note the distinction between labia majora and 
minora is lost and the clitoris is buried with fused prepuce 
due to chronic LS
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 cancer [15]. Careful inspection and biopsy of 
irregular, rough areas, surface with hyperkerato-
sis, and ulceration are warranted. Comparison of 
HSIL and dVIN is discussed in Table 22.2.

22.2.2  Vulvar Paget Disease

Vulvar Paget disease is frequently seen in post-
menopausal elderly white women. They present 

with intense pruritis, burning, moistening, and 
bleeding, and the symptoms may be incorrectly 
attributed to infection, and so the diagnosis is often 
delayed [16]. The size at presentation is often large 
and can be multifocal [17]. The lesion is typically 
an erythematous plaque with hyperkeratotic white 
scales [18] (Figs.  22.5a, b and 22.6). Any non-
resolving erythematous hyperkeratotic plaque 
requires biopsy. Multiple scouting biopsies are 
needed to exclude invasive disease. A thorough 

Table 22.2 Comparison between dVIN and HSIL [1, 6]

Comparison between differentiated vulvar intraepithelial neoplasia and HSIL

Age
dVIN HSIL
Sixth to eighth decade Third to fifth decade

Precancer diagnosis 5–10% 80–95%
Multifocality Uncommon >50%
Smoking Not associated Associated
Associated conditions Chronic inflammatory dermatoses like lichen sclerosis >80% HPV
Progression to carcinoma High

Keratinizing SCC
Low
Warty, basaloid SCC

Immunohistochemistry p53+ in basal and suprabasal layers p16+

ba

Fig. 22.5 (a) Extramammary Paget disease of the vulva 
showing extensive erythematous plaque involving the 
vulva, perineum, and perianal region. (b) Paget disease of 

the vulva showing large erythematous plaque involving 
the perineum and perianal skin, with scouting biopsies to 
rule out invasive disease
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 history of genitourinary, gastrointestinal, and gyne-
cologic symptoms should be elicited to evaluate for 
an underlying carcinoma [19]. A complete gyneco-
logic examination with evaluation of the cervix and 
vagina with additional investigations like cystos-
copy, proctoscopy, etc. depending on the pertinent 
symptoms should be performed. Complete vulvar 
mapping is recommended in primary Paget dis-
ease. The depth of invasion in millimeters should 
be requested to plan further management.

22.2.3  Melanoma In Situ/ 
Dysplastic Nevi

Melanoma in situ can be mistaken for benign 
melanosis as both lesions appear similar with 

variegated color, indistinct border, and asymme-
try. They commonly arise on the hair-bearing 
genital skin and often larger than 6 mm with an 
erythematous to tan center and hyperpigmented 
periphery. The ABCDE scheme for recognition 
of melanoma should be applied in all pigmented 
lesions (asymmetry, border irregularities, color 
variation, diameter >6 mm, enlargement, or evo-
lution of color change, shape, or symptoms) to 
decide on biopsy [20]. Vulvar melanoma more 
often arises de novo rather than in a preexisting 
nevus [21].

22.3  Evaluation and Work-up

Vulvar lesions are diagnostically challenging due 
to nonspecific clinical morphology and hence a 
variety of differential diagnosis. It is often com-
plicated by secondary changes due to over-the- 
counter medication and excoriation due to 
scratching (Table 22.5). Hence, a thorough his-
tory including allergies, drugs, immune status, 
and systemic disease and a detailed physical 
examination are mandatory. Diagnosis cannot be 
based on visual assessment. Vulvoscopy can help 
in localizing the lesion but cannot predict the his-
tological nature of the lesion. Therefore, the diag-
nosis of a vulvar lesion always requires biopsy.

22.3.1  Vulvoscopy

Vulvoscopy or role of colposcope for examination 
of the vulva is debated [22, 23]. Examination of 
the vulva under magnification is useful in  local-
izing the lesion especially in women with persis-
tent focal pruritis and pain with no gross lesions 
[22]. The entire vulva should be inspected with 
separation of the labia majora and minora and 
exploration of the entire vestibule to look for red-
ness, hyperkeratinization, pigmentations, ulcer-
ations, and atrophy. Application of acetic acid has 
less prominent effect on the vulva due to the kera-
tinized skin and hence should be applied fre-
quently with more concentration (5%). Acetowhite 
lesions can be made out, but punctuation and 
mosaic may be appreciated only on the mucosal 
surface of the labia minora. The International 

Fig. 22.6 Vulvar Paget disease showing extensive ery-
thematous plaque with hyperkeratotic white scale
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Federation of Cervical Pathology and Colposcopy 
has finalized a clinical and colposcopy terminol-
ogy for the vulva in March 2012. The terminology 
is part of a comprehensive terminology of the 
lower genital tract, standardized for colposcopists 
and clinicians taking care of women with lesions 
in these areas. The terminology includes basic 
definitions, normal findings, abnormal findings, 
and patterns to  identify malignancy [24] (Tables 
22.3, 22.4, and 22.5).

The Collins test is performed by applying 1% 
aqueous solution of toluidine blue to the vulvar 
skin for 2  min and rinsing with 1% acetic acid. 
Toluidine blue is a nuclear stain which fixes to the 
surface cell nuclei. The normal surface epithelium, 
which does not contain nuclei, will not be stained. 
All foci of nuclear activity will retain the color and 
will be visible as fine blue spots. False-positive 
results can be seen in ulcerations, lacerations, 
reparative changes, and parakeratosis. It’s a simple 
test which can help to choose a biopsy site [25].

Table 22.3 The 2011 IFCPC clinical/colposcopic terminology of the vulvaa

Section Pattern
Basic definitions Various structures

  Urethra, Skene duct openings, clitoris, prepuce, frenulum, pubis, labia majora, labia 
minora, interlabial sulci, vestibule, vestibular duct openings, Bartholin duct openings, 
hymen, fourchette, perineum, anus, anal squamocolumnar junction (dentate line)

Composition
  Squamous epithelium: hairy/nonhairy, mucosa

Normal findings Micropapillomatosis, sebaceous glands (Fordyce spots), vestibular redness
Abnormal findings
General principles
  Size in centimeters, 

location

Primary Lesion type
  Macule and patch Papule
  Plaque
  Nodule
  Cyst
  Vesicle
  Bulla
  Pustule

Lesion 
color
  Skin 

colored 
red

  White
  Dark

Secondary 
morphology
  Eczema
  Lichenification
  Excoriation
  Purpura
  Scarring
  Ulcer
  Erosion
  Fissure
  Wart

Miscellaneous findings Trauma and malformation
Suspicion of 
malignancy

Gross neoplasm, ulceration, necrosis, bleeding, exophytic lesion, hyperkeratosis with or 
without white, gray, red, or brown discoloration

Abnormal colposcopic/
other magnification 
findings

Acetowhite epithelium, punctuation, atypical vessels, surface irregularities, abnormal anal 
squamocolumnar junction (note location about the dentate line)

aReprinted with permission from Bornstein J, Sideri M, Tatti S, Walker P, Preniville W, et al. 2011 Terminology of the 
Vulva of the International Federation for Cervical Pathology and Colposcopy. J Low Genit Tract Dis 2012 Nov 3; 16: 
290-295 
https://journals.lww.com/jlgtd/Abstract/2012/07000/2011_Terminology_of_the_Vulva_of_the_International.15.aspx

Table 22.4 Definitions of primary lesion typesa

Macule Small (<1.5 cm) area of color change; no 
elevation and no substance on palpation

Patch Large (>1.5 cm) area of color change; no 
elevation and no substance on palpation

Papule Small (<1.5 cm) elevated and palpable lesion
Plaque Large (>1.5 cm) elevated, palpable, and 

flat-topped lesion
Nodule A large papule (>1.5 cm); often hemispherical 

or poorly marginated; may be located on the 
surface, within, or below the skin; nodules 
may be cystic or solid

Vesicle Small (<0.5 cm) fluid-filled blister; the fluid is 
clear (blister: a compartmentalized, fluid-filled 
elevation of the skin or mucosa)

Bulla A large (>0.5 cm) fluid-filled blister; the fluid 
is clear

Pustule Pus-filled blister; the fluid is white or yellow
aReprinted with permission from Bornstein J, Sideri M, 
Tatti S, Walker P, Preniville W, et al. 2011 Terminology of 
the Vulva of the International Federation for Cervical 
Pathology and Colposcopy. J Low Genit Tract Dis 2012 
Nov 3; 16: 290-295 
https://journals.lww.com/jlgtd/Abstract/2012/07000/2011_
Terminology_of_the_Vulva_of_the_International.15.aspx
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The dermoscope, a handheld light source and 
magnifying device, is commonly used by derma-
tologists for evaluation of vulvar lesions.

22.3.2  Biopsy

Vulvoscopy/magnification or naked eye examina-
tion can localize the lesion for biopsy. Large lesions 
and multicentric lesions will require multiple biop-
sies. Vulvar biopsy can be performed using a vari-
ety of instruments under local anesthesia. The type 
of biopsy depends on the type of lesion and its ana-
tomic location. The various kinds of biopsies are:

• Lesions closer to the vagina can be biopsied 
using cervical biopsy forceps.

• Suture tenting and removal with a curved iris 
scissors can be used for sampling mucus 
membranes of the labia minora or introitus.

• Shave sampling especially for a melanocytic 
lesion can lead to misdiagnosis and inaccurate 
micro staging [26, 27].

The Keyes punch biopsy forceps can be 
used to obtain a punch biopsy of the vulva by 
firmly pushing the punch into the skin with a 
rotatory action (Fig.  22.7). It will remove a 
round skin area of desired diameter. It is an 
excellent tool for evaluating melanocytic 
lesions and tumors with deep involvement 
[26]. A fine tissue forceps or scissors should 
be used to detach the specimen from the der-
mal tissue. The defect that remains after the 
biopsy can be left open to heal spontaneously. 
Monsel’s solution (ferric subsulfate) can be 
used to control the bleeding.

While biopsying an ulcer, a better yield is 
obtained at the edge where the ulcer bed abuts 
the intact epithelium as the ulcer base may yield 
only necrotic tissue. Tissue manipulation can 
result in artifacts. A needle can be used to lift 
the tissues from a punch biopsy rather than for-
ceps to reduce crush injury of the biopsy 
specimen.

22.3.2.1  Documentation of the Vulvar 
Findings

The findings should be precisely documented, 
preferably with a schematic drawing depicting 
the various structures and the location of the 
lesions.

Clinical photographs may be a more objective 
way of documentation.

Table 22.5 Definitions of secondary morphology 
presentationa

Eczema A group of inflammatory diseases that 
are clinically characterized by the 
presence of itchy, poorly marginated 
red plaques with minor evidence of 
microvesiculation and/or, more 
frequently, subsequent surface 
disruption

Lichenification Thickening of the tissue and increased 
prominence of skin markings
Scale may or may not be detectable in 
vulvar lichenification. It may be 
bright-red, dusky-red, white, or skin 
colored in appearance

Excoriation Surface disruption (notably 
excoriations) occurring as a result of 
the “itch-scratch cycle”

Fissure A thin, linear erosion of the skin 
surface

Ulcer Deeper defect; absence of the 
epidermis and some, or all, of the 
dermis

aReprinted with permission from Bornstein J, Sideri M, 
Tatti S, Walker P, Preniville W, et al. 2011 Terminology of 
the Vulva of the International Federation for Cervical 
Pathology and Colposcopy. J Low Genit Tract Dis 2012 
Nov 3; 16: 290-295
https://journals.lww.com/jlgtd/Abstract/2012/07000/2011_
Terminology_of_the_Vulva_of_the_International.15.aspx

Fig. 22.7 Keyes punch biopsy forceps
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22.3.2.2  Histology
There is loss of maturation with increased nuclear 
density and nuclear atypia involving both the 
upper and lower epithelial layers in 
HSIL. Histopathologically, HSIL is classified into 
different subtypes, warty, basaloid, and mixed, 
depending on the architecture and the cytological 
appearance of the neoplastic cells [28].

Atypia is confined to the basal and parabasal 
layers of the epithelium in dVIN. The diagnosis 
of dVIN may be mistaken for an epithelial hyper-
plasia or a benign inflammatory dermatosis due 
to high degree of cellular differentiation [29].

Biochemical and viral markers may be used as 
adjunct to morphologic diagnosis.

22.3.3  Biochemical and Viral Markers

22.3.3.1  Biochemical Markers
• p16 protein is overexpressed when there is a dys-

function in the progression of the cell cycle and 
in cell proliferation. p16 protein is positive in 
HPV-associated VIN but negative in dVIN [30].

• Ki-67 is a nuclear antigen present in human 
proliferating cells in all stages of the cell cycle 
except in the G0 phase. MIB-1, a monoclonal 
antibody against the Ki-67 antigen, is a prolif-
eration marker. MIB-1 expression is confined 
to the basal layers in dVIN. This helps to dis-
tinguish dVIN from normal epithelium where 
the basal cell layer is often negative for MIB-1 
[30, 31].

• p53 protein is involved in apoptosis regula-
tion. The basal cell layer in dVIN often has 
more than 90% p53 labeling index and may 
help to distinguish dVIN from normal squa-
mous epithelium [32].

22.3.3.2  Viral Markers
Low-risk HPV is associated with anogenital 
warts or flat condyloma, and high-risk HPV is 
associated with HSIL as seen in cervical high- 
grade squamous intraepithelial lesions (HSIL); 
the majority of vulvar HSIL lesions contain HPV 
16 [33, 34]; dVIN is not related with HPV.

22.4  Conclusion

Vulvar lesions are diagnostically challenging. 
Though the diagnosis of many vulvar condi-
tions is clinical, lesions have to be biopsied, 
when they do not resolve after standard therapy 
or when precancer/malignancy is suspected. 
The evaluation of vulvar premalignancies must 
be included in training programs and patient 
care especially in centers caring for immuno-
compromised patients. Patients with LS should 
be on a long- term follow-up. Collaboration cli-
nicians and pathologists are required to care 
for women with precancerous lesions of the 
vulva.

Key Points
• Precancers of the vulva include squamous vul-

var intraepithelial neoplasia, vulvar Paget dis-
ease, and melanoma in situ.

• Vulvar squamous cell carcinoma (SCC) has 
two different causal pathways, a HPV-related 
and a non-HPV-related pathway with two 
well-defined precursor lesions, namely, the 
vulvar high-grade squamous intraepithelial 
lesion (HSIL) or uVIN and the differentiated 
(simplex) vulvar intraepithelial neoplasia 
(dVIN).

• An appropriate examination of the vulva and 
biopsy, occasionally immunoprofile in diffi-
cult cases, are essential for the diagnosis of 
precancerous vulvar lesions.

• Differentiated VIN (dVIN) is often missed 
clinically and histologically. Although dVIN 
represents a small proportion of VIN lesions, 
it has higher risk of progression to invasive 
cancer than HSIL.

• Patients with LS should be on a long-term 
surveillance.

• The ABCDE scheme for recognition of 
melanoma should be applied in all pig-
mented lesions (asymmetry, border irregu-
larities, color variation, diameter >6  mm, 
enlargement, or evolution of color change, 
shape, or symptoms) to decide on site of 
biopsy.

T. S. Premalatha et al.
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Management of Vulvar 
Intraepithelial Neoplasia

Divya Pandey and Sumita Mehta

23.1  Introduction

Vulvar intraepithelial neoplasia (VIN) is a pre-
malignant condition of the vulva, which is 
increasingly becoming common especially dur-
ing the fifth decade of life. The cause of this 
increase is the rise in anogenital HPV infections, 
increased prevalence of smoking among women 
and more liberal use of vulvar biopsy for con-
firming the diagnosis. Women in their mid-40s 
are at highest risk, and then there is a second 
increase seen in women in 60–80  years age 
group. This is due to the increase in differentiated 
VIN which follows chronic vulvar dermatoses in 
elderly women [1].

As per the latest ISSVD (International Society 
for the Study of Vulvovaginal Disease) terminol-
ogy, HSIL (high-grade squamous intraepithelial 
lesion) and dVIN (differentiated vulvar intraepi-
thelial neoplasia) can progress to invasive cancer. 
These two entities are fairly different in terms of 
aetiology, treatment and malignant potential.

23.2  Terminology

In 1976, Friedrich described vulvar lesions into 
vulvar atypia (with and without dystrophy) and 
squamous vulvar carcinoma in situ [2]. Later in 
1986, the ISSVD classified VIN into three grades: 
VIN1 (LSIL), VIN2 (HSIL) and VIN3 (HSIL) 
[3]. VIN1 was considered as a cancer precursor 
which needed treatment. Later in 2004, VIN has 
been classified into two main classes:

 1. VIN, usual type (uVIN)—Lesions associated 
with human papillomavirus. This included the 
former subclassification of VIN:
 (a) VIN, warty type
 (b) VIN, basaloid type
 (c) VIN, mixed (warty, basaloid type)

 2. VIN, differentiated type (dVIN)—These 
intraepithelial lesions are not associated with 
HPV infection but are associated with vulvar 
dermatoses mainly lichen sclerosus. This cat-
egory included VIN, simplex type.

In 2004, the ISSVD recommended the term 
VIN to be limited to HSIL (formerly termed 
VIN2 and VIN3). Lesions formerly called VIN1 
were recommended to be referred to as condy-
loma acuminatum [4]. In 2012, the Lower 
Anogenital Squamous Terminology (LAST) 
project of the College of American Pathologists 
and American Society for Colposcopy and 
Cervical Pathology (ASCCP) suggested changes 
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in the terms used to describe HPV-associated 
squamous lesions of the anogenital tract. 
According to the LAST classification, VIN2 and 
VIN3 are referred to as HSIL [5, 6].

It was seen that differentiated VIN was the 
precursor lesion in 80% of vulvar cancers, while 
HPV-associated vulvar HSIL was noted to be a 
precursor lesion in the rest 20% of squamous cell 
carcinoma type of vulvar cancer [7].

Two concerns were raised about the LAST 
terminology. First, it included vulvar LSIL which 
was eliminated as per 2004 ISSVD classification, 
and, secondly, the differentiated-type VIN, which 
accounts for majority of VIN cases that progress 
to invasive cancer, was not included [2].

Finally, the 2015 ISSVD terminology for vul-
var intraepithelial lesions was based on the 
review of previous ISSVD, LAST and WHO ter-
minologies [8] (Table 23.1).

The latest ISSVD terminology includes:

• LSIL of vulva (synonyms are vulvar LSIL, flat 
condyloma or HPV effect)

• HSIL of vulva (vulvar HSIL, VIN usual type)
• VIN, differentiated type (dVIN)

23.3  Signs and Symptoms

More than half of women with vulval intraepithe-
lial lesions have no symptoms. In the rest of the 
cases, pruritus is the major symptom. The pres-
ence of a mass or discharge raises suspicion of 
invasive cancer. The early stages of VIN appear 
as pale areas, while later stages may present as 

papules, macules and discrete or confluent, single 
or multiple lesions. Hyperpigmentation can be 
found in 10–15% of VIN. While lesions on the 
cutaneous surface may appear as white, hyper-
keratotic or lichenified, those on mucosal surface 
are usually pink or red.

23.3.1  Vulvar HSIL

Patients present with itching, burning, irritation, 
pain or psychosexual symptoms. They may even 
be asymptomatic and may harbour the disease in 
the form of vulvar lesion. The clinical appearance 
of the vulvar lesion is highly variable ranging 
from multifocal lesions to whitish, erythematous, 
pigmented lesions or sometimes plaques.

23.3.2  Differentiated VIN (dVIN)

Here the symptoms are due to underlying lichen 
sclerosus or lichen planus. These may also be 
associated with psychosexual symptoms. The 
lesions are mostly unifocal in contrast to HSIL 
lesions. They range from grey white to red lesions 
with rough or ulcerated surface.

23.4  Diagnosis

Till date there are no screening strategies for 
early detection of vulvar HSIL (VIN, usual type).

The various modalities used for diagnosis of 
VIN include visual examination, vulvoscopy and 
biopsy. These methods have been discussed in 
detail in Chap. 22. A brief mention of the modali-
ties is mentioned here.

23.4.1 Visual Assessment

Can raise index of suspicion for malignancy 
depending on appearance, colour and pattern of 
the lesion; hence, careful vulvar inspection in good 
light at the time of routine pelvic examination is 
recommended. However, tissue biopsy from suspi-
cious lesions followed by histopathological confir-
mation remains the gold standard test.

Table 23.1 Shows the development of current (2015) 
and previous (2004) ISSVD nomenclature

2015 terminology 2004 terminology
Low-grade squamous 
intraepithelial lesion of the 
vulva (vulvar LSIL, flat 
condyloma or HPV effect)

Condyloma, HPV effect

High-grade squamous 
intraepithelial lesion of the 
vulva (vulvar HSIL; VIN 
usual type, uVIN)

Usual-type VIN(uVIN) 
subdivided into:
  (a)  VIN, warty type
  (b)  VIN, basaloid type
  (c)  VIN, mixed type

Differentiated-type 
VIN(dVIN)

Differentiated-type 
VIN(dVIN)
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23.4.2 Role of Vulvoscopy

Vulvoscopy is done after application of 3–5% 
acetic acid (owing to keratinized squamous 
epithelium of vulva). It is indicated in:

 (a) Women with persistent focal vulvar pruritus 
and pain with no apparent lesion

 (b) Women where disease extent is not clearly 
demarcated

 (c) Women in whom symptoms of vulvovagini-
tis persist even after appropriate treatment

Evaluation of the whole vulva, perineum and 
perianal area is a must to avoid missing any 
multifocal lesion. Using a higher concentration 
(5%) of acetic acid can help in identifying sub-
tle lesions. The lesions on the skin (keratinized 
stratified squamous epithelium) require longer 
duration of acetic acid application. After diag-
nosing a lesion, colposcopy of the entire vulva 
and perineum and the perianal skin must follow 
to delineate all the multifocal lesions, more 
common in the premenopausal age group. After 
application of 5% acetic acid, the lesions appear 
as dense acetowhite areas with well-defined 
margins. Vascular patterns are often unremark-
able even in high-grade vulvar preinvasive 
lesions especially in the presence of hyperkera-
tosis, but macular lesions on the mucous mem-
brane may reveal capillary punctation pattern. 
Marked vascular abnormalities like varicose 
pattern, widely spaced punctations and mosa-
icism are signs of invasive cancer, and thus 
lesions with such findings must always be 
excised. Colposcopy of the vulva should always 
be followed by colposcopy of the vagina and 
cervix as intraepithelial lesions often coexist.

Collins Test 1% aqueous toluidine blue solu-
tion application for 2–3 min followed by wash-
ing with 1–2% acetic acid can also help to 
localise areas of increased nuclear activity 
which stain royal blue. It is more helpful in 
diagnosing vaginal lesions than vulvar 
HSIL.  The visible lesions can be flat or ele-
vated, white to grey or red to brown to black. 
Malignancy should be suspected in lesions with 
atypical vascular patterns, rapidly changing 

lesions in terms of colour, border or size and 
the lesions not responding to usual therapy.

23.4.3  Biopsy

After identifying suspicious lesions, biopsy is 
done under local anaesthesia (lignocaine or 
bupivacaine) using Keyes dermatologic punch 
(4–6  mm) which allows adequate sampling of 
the tissue. Haemostasis can be achieved with 
silver nitrate, Monsel’s paste or suturing if 
required. Biopsy is warranted in lesions indica-
tive of malignancy as mentioned above. These 
are different schools of thought regarding 
whether to biopsy warty lesions. ACOG (2015) 
recommends that postmenopausal females with 
genital warts and women of all ages with sus-
pected condyloma with failed topical treatment 
must be biopsied. Even in immunocompromised 
females like HIV- seropositive patients and 
patients after organ transplant, all genital lesions 
need to be biopsied. In the case of multifocal 
lesions, mapping of all lesions should be done 
and multiple biopsies taken.

23.5  Treatment

Studies have reported occult carcinomas in 
15–22% of cases with VIN. Regression is seen in 
only 1% and is generally associated with a 
younger age, multifocal disease and pregnancy 
[9]. Because of low regression rates and propen-
sity for progression to invasive carcinoma if left 
untreated, all cases of VIN need to be treated. The 
treatment for VIN depends upon the characteris-
tics of the lesions and the patient. The important 
points to be kept in mind when formulating treat-
ment plans include:

• Lesion size and location
• Presence of multifocal disease
• Patient’s characteristics—Age, symptoms and 

comorbidities
• Patient’s compliance for follow-up after 

treatment
• Availability of equipment and medical 

resources
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The goals of treatment in VIN are:

 1. To prevent the development of vulvar squa-
mous carcinoma

 2. To relieve the symptoms
 3. To preserve the normal vulvar functions and 

anatomy

dVIN: As this is strongly associated with inva-
sive cancer, so women with dVIN are treated sur-
gically. Biopsy specimens should be carefully 
evaluated to ascertain the degree of stromal inva-
sion. Medical therapies should be avoided in 
dVIN.

uVIN/vulvar HSIL: Treatment is recom-
mended for all women with vulvar HSIL (VIN, 
usual type) (Fig. 23.1). Conservative modalities 
are advocated as it is usually seen in younger age 
group with low progression rates. Extensive sur-
gery is associated with negative body image and 
causes sexual dysfunction.

In women with vulvar HSIL without suspicion 
of cancer (absence of high-risk factors), the choice 
of treatment depends on location, extent and 
patient’s preference. Available options are excision, 
ablative therapy and topical immune- modulator 
application (the last two options can help in main-
taining vulvar anatomy). Although, surgical exci-
sion is the mainstay of treatment of VIN, laser 
ablation is also a frequently used technique, espe-
cially, for multifocal disease. Recently a promising 
medical treatment is the application of immune 
response modulators like imiquimod which has 
indirect antiviral and antitumour properties.

When carcinoma is suspected (raised, ulcer-
ative surface or/and irregular borders) or there are 
associated high-risk factors for invasive disease 
like previous VIN or vulvar carcinoma, immuno-
suppression, tobacco use, age > 45 years or lichen 
sclerosus, even if biopsy shows vulvar HSIL, 

wide local excision should be done due to high 
potential for occult invasion [3]. Historically, 
vulvar CIS has been managed by simple vulvec-
tomy, which in today’s era is not justified, espe-
cially in young women as it is associated with 
scarring, dyspareunia, urinary difficulties and 
fibrosis. There is a need for individualized 
approach towards treating VIN, pertaining to its 
broad age range and marked variation in its 
extent, symptoms and distribution.

The various treatment options for VIN are 
shown in Fig. 23.1.

23.6  Surgical Therapy

23.6.1  Wide Local Excision (WLE)

WLE, as initial intervention, is preferred as it pro-
vides specimen for histopathology which is espe-
cially helpful in cases where invasive cancer cannot 
be ruled out from their clinico- pathological find-
ings despite a biopsy diagnosis of only vulvar 
HSIL (VIN, usual type). During wide excision, it is 
important to include a margin of 0.5–1 cm around 
the visible lesion, but this is not always possible to 
avoid injury to the clitoris, urethra or anus. The 
depth of excision should be at least 2 mm in non-
hair-bearing area and 4 mm in hair- bearing areas.

Wide, local excision is also best suited for 
high-grade intraepithelial neoplasia seen in 
haemorrhoids. The wound can be managed by 
primary closure which gives satisfactory cos-
metic and functional results. WLE with adequate 
disease-free margin provides a cure rate of 90% 
for localized disease and 50% if margins are 
involved. One prospective study showed a recur-
rence rate of 46% post excision with positive his-
tological margins and 17% recurrence if the 
margins were negative at 7 months follow-up.

Vulvar HSIL (VIN, Usual TYPE)

Wide Local Excision Excision/LASER ablation/Topical
If carcinoma is suspected or
has a potential for occult spread

If occult invasion is not a concern

Fig. 23.1 Treatment 
options
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23.6.2  Skinning Vulvectomy

Skinning vulvectomy involves removal of the epider-
mis and the underlying dermis while preserving the 
subcutaneous tissues of the vulva. It is useful for the 
cases with confluent multifocal lesions or recurrent 
VIN, as found in immunocompromised women. In 
these multicentric lesions, the involved skin is 
excised, and the defect should be primarily closed or 
replaced by split-thickness skin graft taken from the 
buttocks or inner aspect of the thigh. Rutledge and 
Sinclair in 1968 had first introduced skinning vulvec-
tomy and skin graft procedure with ectopic epidermis 
from donor site [10]. This technique was particularly 
introduced for extensive VIN lesions involving hair-
bearing areas where the skin appendages could be 
involved. After carefully mapping the lesions, a shal-
low layer of the vulvar skin is excised in order to pre-
serve the subcutaneous tissue of the vulva for better 
functional and cosmetic results. Care should be taken 
to preserve vulvar anatomy and avoid excision of the 
anterior vulva and clitoris, if possible.

23.6.3  Simple Vulvectomy

It involves removal of the entire vulva including 
the epidermis, dermis and the underlying subcu-
taneous tissue to a depth of about 4–5  mm. 
Though not routinely used for treatment of VIN, 
the indications for its use include:

• Widespread VIN where invasive cancer can-
not be ruled out. Though CO2 laser can be 
used in these situations, but since a specimen 
for histopathological review cannot be 
obtained, so simple vulvectomy is better [11]

• Extensive Paget’s disease [12]
• VIN in elderly women—As the risk of inva-

sive cancer increases with age and the desire 
for cosmesis is less in elderly, so surgical exci-
sion is preferred

• In recurrent VIN following previous failed 
treatments.

While planning the incision during the proce-
dure, maximum skin of the vestibule around the 
urethera is left so as to avoid distortion of the 

meatus. The outer incision is carried down from 
the mons to the lateral aspect of labia on both 
sides and across the perineum. If the labia minora, 
clitoris and vestibule are not involved, they 
should be preserved. The skin edges are held and 
the skin is dissected off the subcutaneous tissues. 
The dissection progresses from above downward 
and lateral to medial; it is done superficially pre-
serving the deep fascia and muscles of urogenital 
diaphragm. The incision can be carried almost up 
to the anal mucosa, but care should be taken to 
avoid damage to the external anal sphincter. 
Haemostasis is achieved by clamping and ligat-
ing the vessels, the main being dorsal vein of the 
clitoris and branches of the pudendal vessels. 
Primary closure is done if it can be easily accom-
plished without excessive tension on the suture 
line; otherwise, a split-thickness graft is used.

The complications of vulvectomy (skinning 
and simple) include:

• Wound infections
• Failure of graft to take over
• Hematoma formation
• Urinary infection
• Sexual dysfunction—This is a long-term 

sequelae related to disturbance in body image, 
depression and hypoactive sexual state. It is seen 
more commonly with simple vulvectomy [13].

23.7  Laser Ablation

Laser ablation is used for treatment of single or 
confluent vulvar HSIL (VIN, usual type) in whom 
invasion is not suspected. This is particularly use-
ful for extensive VIN, affecting young women 
where anatomic distortion following wide exci-
sion is of concern. It is performed with a CO2 laser 
which is controlled using a micromanipulator 
through a colposcope or an operating microscope, 
with appropriate power density of 600–1000 W/
cm2. Colposcopy helps in defining the lesion mar-
gins, and the use of a micromanipulator with a 
depth gauge allows application of high power den-
sity without inadvertent defocusing. The CO2 laser 
is the only laser proven to be both safe and effec-
tive for treating high-grade VIN.
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To avoid deep coagulation injury, as with 
excision, a 0.5–1 cm margin of normal-appearing 
skin must be treated. It is recommended that 
destruction of 1  mm depth of non-hair-bearing 
epithelium (through the dermis) and if the skin 
appendages are involved, destruction of 
2.5–3 mm distance is to be done. Laser ablation 
must extend for more than 3 mm in hair-bearing 
area and up to 2  mm in non-hair-bearing area. 
The newer ultra-pulse technology or the rapid 
super pulse temporal mode causes precise vapori-
sation of the diseased tissue with minimal heat 
propagation to adjacent tissues, thus decreasing 
the morbidity of laser procedures. It is done 
under general anaesthesia.

Postoperative pain is a major concern for 
which application of local anaesthetics and oral 
pain medications like narcotics may be needed. 
Postoperative sitz bath, topical local anaesthetic 
and rinsing with water after each act of urination 
and defecation followed by drying (using a hair 
dryer) are very important.

The disadvantages of this procedure are that it 
can be painful and costly and does not provide 
tissue for histopathological diagnosis. Thermal 
injury can be minimized by cooling the vulvar 
skin before and after the procedure with ice packs 
which will reduce postoperative pain and pro-
mote healing.

23.7.1  Cavitron Ultrasonic Surgical 
Aspirator (CUSA)

CUSA has dual advantage of removal of the 
superficial dermal layers with laser without scars 
and resection of lesion with specimen for patho-
logical evaluation [14]. CUSA is an acceptable 
ablative option with similar recurrence rates as 
seen with laser. Recurrences are seen more fre-
quently if VIN is present in the hair-bearing areas 
in comparison to if it is localized to labia minora 
and introitus. No statistically significant differ-
ence is seen in disease recurrence after 1  year, 
pain, scarring, dysuria, adhesions or infection 
between women who undergo CO2 laser surgery 
and those who receive CUSA. According to the 
Cochrane Review 2014, as not many trials have 

been done comparing the two interventions with 
respect to their effectiveness and safety, so any 
definitive recommendations for clinical practice 
cannot be given [15].

23.8  Medical Therapy

23.8.1  Imiquimod

Imiquimod is an immune response modulator 
with indirect antitumour and antiviral properties. 
It helps in the release of interferon α and cyto-
kines from macrophages and dendritic cells. 
Although not FDA approved, 5% imiquimod has 
been effective in the treatment of vulvar HSIL 
(VIN, usual type) in many RCTs [9, 16]. The rec-
ommended regime is three times weekly applica-
tion over lesions for 12–20 weeks, followed by 
colposcopic assessment at 4–6-week intervals 
during treatment [2]. Local side effects may 
necessitate dose reductions. Residual lesions 
require surgical treatment [17]. Because of its 
immune-mediated function, it is not recom-
mended in immunocompromised patients.

It has demonstrated response rates ranging 
from 26 to 100%. In a large prospective RCT 
with 52 patients, complete response was seen in 
35% women, and a partial response was observed 
in 46% women. The disease recurred in only one 
patient during the follow-up period of 7  years, 
thereby suggesting the role of imiquimod in long- 
term sustained response [18].

23.8.2  Cidofovir (CDV)

CDV is an acyclic nucleoside phosphonate with 
broad spectrum antiviral activity. It causes apop-
tosis induction, S-phase accumulation and 
increased levels of tumour-suppressor proteins. It 
has been earlier used in the treatment of high- 
grade intraepithelial disease of the cervix. It is 
used as topical formulation of 1%. The initial 
study to assess its efficacy in the management of 
high-grade VIN was done by Tristram et  al. in 
2005. During the trial period, 40% women had 
complete response, while 30% had partial 
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response to topical cidofovir. He concluded that 
cidofovir had a place in the therapeutic armamen-
tarium of high-grade VIN [19]. Stier et al. studied 
the safety and efficacy of topical CDV to treat 
high-grade perianal and vulvar intraepithelial 
lesions in HIV-positive men and women. He con-
cluded that topical CDV had an efficacy of 51% 
in the short-term treatment of high-grade perianal 
intraepithelial neoplasia (PaIN) and VIN with 
acceptable toxicity in HIV-positive individuals 
but longer follow-up was required to assess 
whether the effect was sustained [20].

Tristram et al. studied the efficacy and feasi-
bility of CDV and imiquimod for the treatment of 
VIN. 180 women from 32 centres were recruited 
to receive either of the 2 drugs. At post-treatment 
assessment, a complete response had been 
achieved by 46% (90% CI, 37–55.3) women in 
the CDV group and 46% (37.2–55.3) in the 
imiquimod group. Adverse events in the form of 
pain in vulva, pruritus, fatigue and headache 
were reported in 37% and 46% of women, respec-
tively. They concluded that both the drugs were 
safe, active and feasible for VIN treatment [21].

Sustained effect with topical treatment of uVIN 
for 16 weeks with imiquimod or cidofovir is lim-
ited. It has been seen that smaller lesions are more 
responsive. Topical treatment is opted by some 
women over primary surgery, but long- term data is 
still not clear to assess any effect on sustained ben-
efit and progression to vulval  cancer [22].

The Cochrane review 2016 lacks data on com-
parison of medical treatment with surgical treat-
ment. Whether a woman undergoes surgical 
excision or laser vaporisation for uVIN, the 
chances for recurrence are about 50% at 1 year, 
and this is especially more for multifocal lesions. 
The management should be tailored according to 
the site and extent of disease. The combination of 
treatment modalities may be required in some 
complex cases. If suspicion of malignancy is 
high, surgical excision is preferred [17].

23.8.3  Photodynamic Therapy

Photodynamic therapy (PDT) requiring special 
equipment and training has been seen to be 

effective in some studies [23]. The PDT tech-
nique involves the topical application of a photo-
sensitizer, 5-aminolevulinic acid (ALA) or its 
methyl ester (MAL) followed by illumination of 
the skin area with light of the appropriate wave-
length. PDT produces an immune response and 
causes suppression of antitumour responses. It is 
a useful alternative especially at VIN sites that 
are cosmetically sensitive or prone to impaired 
wound healing [24].

Evidence on PDT is varied depending on the 
type of photosensitizer used, route of its adminis-
tration, type and wavelength of light used and 
number of treatment cycles [25–27]. Martin- 
Hirsch was the first one to study PDT in 1998 
followed by various other studies. They all con-
cluded that PDT is an effective and safe treatment 
for VIN with favourable cosmetic results with 
response rates ranging from 20 to 67% for 
 histological response and 52–89% for symptom 
response [28].

Advantages of PDT therapy:

• Multifocal disease can be treated without tis-
sue loss

• Healing time is less
• Tissue destruction is minimal
• Preservation of vulval anatomy
• Good cosmetic results.

Disadvantages of PDT therapy:

• Painful procedure—Pain at times leads to 
early termination of treatment and decreases 
therapeutic efficacy [29].

• Requires analgesia or anaesthesia—Though 
about 50%–60% of women can be treated 
without analgesia, others require either intra-
venous opioids or spinal/general anaesthesia 
during the procedure [30].

23.8.4  Topical 5-Fluorouracil (5-FU)

5-FU targets thymidylate synthetase in tumour 
cells. The target cells incorporate 5-FU, thereby 
increasing its selectivity for neoplastic and dys-
plastic cells. Topical 5-FU cream causes a chemical 
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desquamation of the VIN lesion and response rates 
as high as 75% have been reported, but it is poorly 
tolerated due to burning, pain, inflammation, 
oedema and painful ulcers. Thus, 5-FU has a lim-
ited role in the treatment of VIN. Downs AM et al. 
studied the sequential effect of topical 5-FU on 
imiquimod-treated patients, and they concluded 
that there was no improvement in cure rates if both 
the topical treatments were used sequentially. This 
was due to the severe inflammation caused by 
imiquimod around the dysplastic cells which inter-
feres with the uptake of 5-FU later. 5-FU therefore 
fails to reach the target sites of DNA or RNA 
within the dysplastic cells [31].

23.9  Investigational Therapies

Topical indole-3-carbinol, sinectechins and the 
use of chemoprotective agents like retinyl acetate 
gel are still under investigation.

23.10  Management of VIN 
in Pregnancy

Any vulvar lesion noted during pregnancy must 
be biopsied as in non-pregnant women because 
about 15% of vulvar carcinomas have been 
reported in women under the age of 40. During 
pregnancy, gestational age is the most important 
factor in determining further treatment, whether 
to continue with expectant management or to sur-
gically intervene [32].

 1. Surgical treatment with local excision or abla-
tive therapy should follow same principles as 
in non-pregnant population. This is done for 
patient with VIN during pregnancy that is 
remote from delivery.

 2. Expectant treatment until after delivery. If 
invasive carcinoma has been ruled out, treat-
ment of VIN can be deferred to the postpar-
tum period, especially in cases where detection 
is done in the third trimester.

Medical treatment is generally not recom-
mended. Imiquimod is category C drug by 

USFDA, and the use is limited to cases where 
potential benefit justifies the potential risk to foe-
tus, while 5-FU is a category D drug and should 
not be used during pregnancy.

23.11  Follow-Up

Higher recurrence rates have been seen with mul-
tiple lesions and positive excision margins [33, 
34]. The recurrence rate is even higher in those 
with HPV infection, and despite treatment, inva-
sive cancer will still develop in 3–5% of women 
[35]. This recurrence risk is high for high-grade 
VIN, multifocal intraepithelial neoplasia and 
high-risk HPV infection.

If follow-up visits at 6 months and 12 months 
show no new lesions, then the women should be 
monitored by visual inspection of the vulva annu-
ally thereafter (ACOG 2016) [36]. In a study on 
445 cases of VIN (HSIL) to study the natural his-
tory, a high recurrence rate of 50% was seen in 
those with positive surgical margins [37]. In a 
systematic analysis of 3322 patients with VIN3, 
6.5% patients progressed to invasive cancer. 
Recurrences were lower in women with free sur-
gical margins after local excision and vulvec-
tomy. Occult carcinoma was diagnosed in 3.2% 
of patients, and 3.3% cancers were diagnosed 
during follow-up. Only 1.2% of 3222 patients 
showed complete regression [38].

23.12  Primary Prevention

The proportion of women with VIN who are cur-
rent smokers has been reported as 32–84%, and 
even a higher number have a history of smoking 
[39–41]. The association with smoking is seen 
more frequently with usual VIN rather than 
dVIN. Cessation of smoking would help in pre-
venting vulvar HSIL. As dVIN is associated with 
vulvar dermatoses, treatment of vulvar dermato-
logic disorders especially of lichen sclerosus 
decreases the risk of vulvar carcinoma [42].

Quadrivalent or nonavalent HPV vaccines 
which are effective against HPV genotypes 6, 
11, 16 and 18 and 6, 11, 16, 18, 31, 33, 45, 52 
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and 58, respectively, are now available. Large 
studies assessing the efficacy of these vaccines 
have reported seroconversion in approximately 
98% of women, antibody titres raised for at 
least 5 years and prevention of warts, VIN and 
VaIN [43, 44].

23.13  Conclusion

Surgical excision remains the mainstay of 
treatment of VIN in the majority of women. 
Conservative management is generally not pre-
ferred as the risk of occult carcinoma at presenta-
tion is high. But in young women in whom 
cosmesis is important, ablative (Laser or CUSA) 
or topical therapies in the form of imiquimod, 
CDV ointment or PDT are an attractive alterna-
tive. With the advent of vaccines against HPV, a 
decrease in the incidence of HPV-associated VIN 
is expected, and management of VIN in elderly 
group may become more important and 
challenging.

Key Points
• The ISSVD 2015 terminology for VIN is vul-

var LSIL (not premalignant, equivalent to 
condyloma acuminate and not associated with 
HPV), vulvar HSIL (associated with HPV) 
and dVIN (not associated with HPV).

• VIN is more common in premenopausal than 
in postmenopausal women. While postmeno-
pausal women have more non-HPV-associ-
ated VIN and unifocal lesions, those in 
premenopausal women are multifocal and 
associated with HPV, immunosuppression 
and smoking.

• Squamous intraepithelial neoplasia is multifo-
cal, i.e. involves more than one site (vulva, 
vagina, cervix or perianal skin).

• There are no screening strategies for VIN.
• Tissue biopsy is mandatory for diagnosis. Site 

of biopsy is decided by physical examination 
and vulvoscopy.

• Treatment goal is to prevent disease progres-
sion to invasive carcinoma and relief of symp-
toms while preserving normal vulvar anatomy 
and function.

• In vulvar HSIL with significant risk factors 
(previous VIN or vulvar carcinoma, immu-
nocompromised state, smoking, 
age > 45 years, lichen sclerosus) and clinical 
suspicion of malignancy (raised, ulcerative 
growth with irregular borders), surgical 
excision is done.

• Vulvar HSIL with no suspicion of HSIL is 
excised. In young women, multifocal dis-
ease, involving the urethra, anus, clitoris and 
vaginal introitus (where excision can lead to 
adverse effect), ablative therapy is preferred.

• Ablative treatment is done with Laser or topi-
cal CDV and imiquimod.

• For dVIN, surgical excision rather than abla-
tion or pharmacologic therapy is done.

• If there are no new lesions at 6  months and 
12 months follow-up visits, the woman should 
be monitored by visual inspection of the vulva 
annually thereafter.
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24.1  Introduction

A rare cancer, primary vaginal malignancy, con-
stitutes only 1–2% of all malignant gynecologic 
tumors ranking fifth in frequency behind cancer 
in the cervix, uterus, ovary, and vulva. The age- 
adjusted incidence is 0.2–0.8 per 100,000 women 
per year in India. According to the International 
Federation of Gynaecology and Obstetrics 
(FIGO), a vaginal lesion involving the cervix 
should be managed as a cervical cancer; a tumor 
involving both the vulva and the vagina should be 
considered as a primary vulvar cancer. About 
80% of vaginal cancers are metastatic with pri-
maries being the cervix or the endometrium and 
less common sites being the vulva, ovaries, cho-
riocarcinoma, rectosigmoid, and bladder. 
Metastasis through the blood or lymphatic sys-
tem can also occur from colon cancer, renal cell 
carcinoma, melanoma, and breast cancer.

The strict criteria used to define vaginal can-
cer may have contributed to its low incidence. 
Squamous cell carcinoma (85%) and adenocarci-
noma (15%) are the two different histological 
types varying in pathogenesis and natural history. 
Clear cell adenocarcinoma is rare and occurs 
most often in young patients with an in utero 
exposure to diethylstilbestrol (DES). Rarely, 

melanoma, sarcoma, and adenosquamous carci-
noma may occur as primary vaginal cancers. 
Cervical and vulvar carcinomas need to be ruled 
out by biopsy and clinical examination. Early- 
stage vaginal cancer is often curable, and the role 
of imaging cannot be underestimated.

24.2  Epidemiology

Vaginal cancer accounts for 2% of all gynecologic 
cancers with a lifetime risk of 1 in 1100 women. 
As it is extremely rare, there are only a limited 
number of reports regarding its epidemiological 
analysis. The American Cancer Society estimates 
for the United States in 2018 are that 5170 new 
cases will be diagnosed with the death of 1330 
women among them [1]. In 2015, 232 new cases 
were detected in the United Kingdom which 
accounted for <1% of all cancer cases with an age 
incidence of 80–84  years, and overall the trend 
has remained the same. There were 110 deaths 
from vaginal cancer in 2014, and mortality rates 
have decreased by 44% since the 1970s [2].

According to the Cancer Registry and 
Statistics, National Cancer Center, Japan, the 
crude incidence rate during 2008–2014 was 
about 0.7 cases per lakh women. According to 
Yagi et  al., the age-adjusted incidence rate was 
0.25 per lakh women which is lower than the US 
population, 0.69 per lakh women. They also 
found a significant increase in number of vaginal 
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cancers registered per 5-year increment in the 
Japanese population. This could be because of 
the increase in the elderly population of the 
country.

Using the Japanese model population of 1985, 
the age-adjusted incidence rate per lakh women 
has significantly dropped from 1976 to 2010 and 
is comparable to the European age-standardized 
incidence of cancer in vagina which has also 
decreased by 14% during 1975–2013 [3].

In accordance with cervical cancer, most of 
the vaginal cancers (68%) occur in the develop-
ing countries. The ratio of carcinoma of vagina to 
cervix was found to be 1:32 at the Gujarat Cancer 
and Research Institute, Ahmedabad, India [4].

Table 24.1 shows the Indian Cancer Registry 
incidences of vaginal cancer.

Studies have shown that vaginal squamous 
cell carcinoma (SCC) (the main histopathologi-
cal type) may have many risk factors similar to 
cervical cancer, especially an association with 
persistent human papillomavirus (HPV) infec-
tion which accounts for almost 40% of the vagi-
nal cancers [5–12]. Of this HPV, type 16 
(HPV-16) is detected in 50–64% of high-grade 
vaginal intraepithelial lesions [13–15]. The main 
types are squamous cell carcinoma (90%), fol-
lowed by clear cell adenocarcinomas and mela-
noma. Metastatic cervical cancer may be 
misclassified as vaginal cancers.

The median age of invasive cancer is more in 
comparison with in situ lesions (68 vs. 58 years). 
The age-adjusted incidence of vaginal cancer is 
also significantly higher among black and 
Hispanic women than white women.

Figure 24.1 shows incidence rates of vaginal 
cancer by age group in India. Invasive vaginal 
cancer is diagnosed primarily in old women 
(≥65 years), and the diagnosis is rare in women 
under 45  years, whereas the peak incidence of 
carcinoma in situ is observed between ages 55 
and 70.

24.3  Types of Vaginal Cancer

• Squamous cell carcinoma: Squamous cell 
carcinoma accounts for 85–90% of all the 
subtypes, progressive developing from 

 precancerous conditions called vaginal 
intraepithelial neoplasia or VaIN.

• Adenocarcinoma: Adenocarcinoma arises 
from vaginal glands and accounts for 5–10% 
of all cases. The four main subtypes of adeno-
carcinoma of the vagina are:
 – Clear cell adenocarcinoma: Exposure to 

DES in utero is the main causative fac-
tor  with 1  in 1000 exposed, developing a 
 vaginal cancer. Clear cell cancers of the 
vagina usually develop in women in their 

Table 24.1 Vaginal cancer incidence in India by cancer 
registry

Cancer registry Period
N 
casesa

Crude 
rateb ASRb

Ahmedabadc 1993–1997 65 0.7 1.1
Bangalored 2005–2007 54 0.6 0.8
Barshie 1988–1992 3 0.3 0.3
Barshi, Paranda, 
and Bhumd

2003–2007 6 0.5 0.5

Chennaid 2003–2007 79 0.7 0.8
Delhic 1993–1996 58 0.3 0.5
Dindigulc, 
Ambilikkaid

2003–2007 39 0.8 0.8

Karunagappallyd 2003–2007 2 0.2 0.2
Mizoramd 2003–2007 4 0.2 0.3
Mumbaid 2003–2007 160 0.6 0.7
Nagpurf 1998–2002 0 0.0 0.0
New Delhid 2003–2007 97 0.3 0.4
Poonad 2003–2007 44 0.4 0.6
Sikkim Stated 2003–2007 4 0.3 0.6
Trivandrumd 2005–2007 8 0.5 0.4

Data accessed on May 5, 2015
ASR: age-standardized rate. Standardized rates have been 
estimated using the direct method and the world popula-
tion as the reference
Please refer to original source (available at http://c15.iarc.
fr/CI5i-ix.htm)
aAccumulated number of cases during the period in the 
population covered by the corresponding registry
bRates per 100,00 women per year
cParkin DM, Whelan SL, Ferlay J, Teppo L, Thomas DB, 
editors. Cancer incidence in five continents, vol. 
VIII. Lyon: IARC Scientific Publications No. 55; 2002
dForman D, Bray F, Brewster DH, Gombe Mbalawa C, 
Kohler B, Pineros M, et al., editors. Cancer incidence in 
five continents, vol. X (electronic version). Lyon: IARC 
http://ci5.iarc.fr
eParkin DM, Whelan SL, Ferlay J, Raymond L, Young J, 
editors. Cancer incidence in five continents, vol. 
VII. Lyon: IARC Scientific Publications No. 143; 1997
fCurado MP, Edwards B, Shin HR, Storm H, Ferlay J, 
Heanue M, Boyle P, editors. Cancer incidence in five con-
tinents, vol. IX. Lyon; IARC Scientific Publications No. 
160; 2007
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teens or twenties, but there are reports of 
women being diagnosed in their early for-
ties. As it’s now more than 40 years since 
DES was used in pregnancy, these cancers 
are becoming even rarer.

 – Papillary adenocarcinoma: Papillary can-
cers can grow throughout the connective 
tissues that surround the vagina.

 – Mucinous adenocarcinoma: Primary muci-
nous adenocarcinoma of the vagina is one 
of the rarest subtypes.

 – Adenosquamous cancers: Adenosquamous 
carcinoma of the vagina is a rare form of 
cancer having malignant squamous cells 
and malignant glandular cells. They are 
also called mixed epithelial tumors. They 
are often quickly growing tumors.

• Melanoma: Although it is rare, melanoma can 
begin in the vagina. Melanomas are usually 
found in some exposed body areas rarely 
developed without sun exposure also. 
Melanomas appear as dark-colored lesions 
with irregular borders (Fig. 24.2a, b).

• Sarcomas: Sarcomas are cancers that start in 
the body’s connective tissues and tend to grow 
quite quickly. Different types of sarcoma can 

start in the vagina, including leiomyosarcoma 
and rhabdomyosarcoma. These are both mus-
cle tumors. About two thirds of vaginal sarco-
mas are leiomyosarcomas. It’s possible to have 
other types of sarcoma, such as mixed mulle-
rian sarcoma, but these are extremely rare.

24.4  Vaginal Cancer: Risk Factors

The exact etiology of vaginal cancer is yet to be 
established. Since different histological sub-
types exist with different characteristics, age 
predilection, aggressiveness, and prognosis, a 
multifactorial etiology is more likely. A variety 
of agents have been implicated, but so far no 
clear cause- and- effect relationship has been 
proved.

24.4.1  HPV and Other Infectious 
Agents

Since HPV deoxyribonucleic acid (DNA) has 
been detected in squamous cancer cells by in situ 
hybridization (21%) and Southern blot hybridiza-
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tion (56%), a possible role for HPV in the patho-
genesis of squamous cell vaginal cancers cannot 
be overemphasized [16, 17].

HPV subtypes 16 and 18 with the highest 
oncogenic potential have been associated with 
dysplastic changes in the female genital tract. 
Since HPV is sexually transmitted, whether 
women who engage in high-risk sexual behaviors 
may be at a higher than average risk of develop-
ing vaginal malignancy.

Though persistent oncogenic HPV infections 
are of similar occurrence in the cervix and vagina 
[18], the incidence of cervical cancer is much 
more than cancer of the vagina across the globe. 
The most probable reason is that the cervical 
transformation zone is more susceptible to per-
sistent oncogenic HPV infection [15, 19]. Also 
the premalignant lesions of the vagina, i.e., VaIN, 
are associated with HPV infection.

Other associated infectious agents are herpes 
simplex virus (HSV) and Trichomonas vaginalis. 
Lee and colleagues reported a rapidly progressive 
vaginal squamous cell carcinoma in HIV-positive 
young woman, suggesting that coinfection with 
both HIV and HPV increased the risk of more 
aggressive and less responsive vaginal cancer [20].

24.4.2  History of Carcinoma

Co-association of cervical intraepithelial neopla-
sia (CIN) and invasive cervical and vulval carci-
noma has been noted with vaginal cancer. As 
high as 30% women with primary vaginal cancer 
have a history of in situ or invasive cervical can-
cer treatment done in the past 5 years [21–23].

24.4.3  Diethylstilbestrol Exposure

Diethylstilbestrol (DES), in the late 1940s, was 
used to prevent miscarriage and has been impli-
cated as a causative factor for clear cell adenocar-
cinoma of the vagina [24]. These women are at 
higher risk of developing adenocarcinoma than 
the general population with an estimated risk of 
1 in 1000.

24.4.4  Prior Hysterectomy

Hysterectomy per se is not a risk factor, but by 
virtue of these women being poorly screened, as 
high as 59% hysterectomized women develop 
vaginal cancer. Herman and colleagues demon-
strated that when the effect of age and prior cervi-
cal cancer is nullified, the risk of vaginal cancer 

a

b

Fig. 24.2 (a, b) Vaginal melanomas
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is not increased following hysterectomy done for 
benign disease [25]. Brinton et al. noted that the 
risk was highest in women who had hysterec-
tomy at the age <40 years [9]. Women with prior 
hysterectomy were significantly younger at the 
diagnosis of primary carcinoma of the vagina, 
and if the hysterectomy was done for a premalig-
nant cervical disease, vaginal carcinoma devel-
oped earlier in comparison to hysterectomy done 
for other reasons. The association noted between 
Primary cancers of vagina (PCV) and hysterec-
tomy could be due to incompletely resected and 
screened residual CIN or occult disease. Despite 
clear surgical margins, the multicentric nature of 
the disease hampers the total resection of the 
involved areas [26]. The author noticed that the 
majority of non- hysterectomized patients with 
prior CIN developed the vaginal carcinoma in the 
lower part of the vagina. Since the vagina has a 
dual embryological origin, the response of the 
upper and lower one third of vaginal tissue is dif-
ferent to various carcinogenic reasons [27, 28].

24.4.5  Age

The relationship of age with PCV was explored 
by Hellman et al. in 341 cases. HPV dependence 
and relation to cervical neoplasia seem more 
 prudent in young women, though in older 
 counterparts, hormonal factors and vaginal 
trauma may account for a number of cases [26].

Vaginal cancer is mainly seen in elderly post-
menopausal women. In a review done by Dixit et 
al., mean age of women with vaginal cancer was 
47 years with a range from 24 to 72 years. It has 
been noted that 60% of women who presented 
with vaginal cancer were below 50 years of age 
with a preponderance of younger age distribution 
in Indian population [4].

24.4.6  Additional Factors

Chronic irritation as in cases of procidentia and 
long-term pessary use has been associated with 
vaginal cancer.

Estrogen deficiency as in postmenopausal 
women might play a role in the pathogenesis of 
PCV.  Panhysterectomy and irradiation done to 
the ovary are some examples. Almost 10% of 
women diagnosed with primary vaginal carci-
noma have a lifetime history of irradiation to the 
pelvis [26]. Low lifetime estrogen exposure 
includes late menarche, early menopause, and 
nulliparity, but a high estrogen lifetime exposure 
(e.g., multiparity, intake of exogenous estrogens, 
and obesity) might exert a protective effect. 
Grand multiparity imposes an increased risk due 
to the repetitive trauma to the vagina.

Other predisposing factors include low socio-
economic conditions, cigarette smoking, and 
immunosuppressive therapy. According to a 
cross-sectional study, VaIN risk is higher in 
women with genital warts, indicating an associa-
tion with HPV [29].

24.4.7  Autoimmune Conditions

Meta-analysis done by Cao et al. showed vaginal 
or vulval cancer risk is more than three times as 
high in women with systemic lupus erythemato-
sus as compared with the general population 
[30].

24.5  Conclusion

Primary vaginal cancers are rare and comprise 
1–2% of all gynecological malignancies. Resistance 
of the vagina to carcinogenic change and the stricter 
criteria used for diagnosis is essentially responsible 
for the low incidence. Cancer found in the vagina is 
more likely to be metastatic disease than primary 
disease. Of these, cancers from the cervix, endome-
trium, and colon/rectum are the most frequent. The 
commonest histologic type is squamous cell carci-
noma, followed by adenocarcinoma. There are 
some known causes such as HPV infection, age, 
history of carcinoma, diethylstilbestrol (DES) expo-
sure, autoimmune conditions such as systemic 
lupus erythematosus, social background, and 
chronic conditions as well as unknown causes.

24 Vaginal Cancer: Epidemiology and Risk Factors
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Vaginal Intraepithelial Neoplasia 
(VaIN): Diagnosis 
and Management

Xingnan Zhou, Tien Anh Nguyen Tran, 
and Robert W. Holloway

25.1  Introduction

Vaginal intraepithelial neoplasia (VaIN) is a pre-
malignant lesion characterized by the presence of 
dysplastic squamous cells confined to the lining 
squamous epithelium of the vaginal mucosa 
without invasion into the underlying stroma of 
the submucosa. The disease is classified accord-
ing to the level of epithelial involvement by the 
dysplastic squamous cells: VaIN 1 (Figs.  25.1 
and 25.2) and 2 (Fig. 25.3) involve the lower one- 
third and two-thirds of the epithelium, respec-
tively, whereas in VaIN 3 (Fig.  25.4), the 
dysplastic keratinocytes extend into the upper 
third of the epithelium. Carcinoma in situ 
(Fig. 25.5) involves the full thickness of the epi-
thelium and is included in the VaIN 3 category. 
VaIN, just as cervical intraepithelial neoplasia 
(CIN) and vulvar intraepithelial neoplasia (VIN), 
is also classified into low-grade (mild dysplasia 
or grade 1) and high-grade squamous intraepithe-

lial lesions [moderate and severe dysplasia, 
grades 2–3, and carcinoma in situ (CIS)].

The incidence of VaIN has been estimated from 
an epidemiologic study, the Third National Cancer 
Survey in the United States in 1977, at 0.2–0.3 
cases per 100,000 women, and accounts for 0.4–
1.0% of all intraepithelial neoplasia of the lower 
genital tract [1]. Another epidemiologic study that 
combined data from two federal cancer surveil-
lance programs, CDC’s National Program of 
Cancer Registries and NCI’s Surveillance, 
Epidemiology, and End Results (SEER) Program, 
covering 92% of the US population from 1999 to 
2004, estimated that the incidence of vaginal carci-
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Fig. 25.1 Benign squamous mucosa with a layer of basal 
cells at the mucosal-submucosal junction and overlying 
sheets of benign keratinocytes with abundant cytoplasm, 
indicating normal maturation
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noma in situ in the United States was 0.1 cases per 
100,000 women [2]. In a retrospective analysis of 
16,732 cases of lower genital intraepithelial neo-
plasia from Shanghai, China, CIN, VaIN and VIN 
accounted for 83.99%, 11.49%, and 4.52% of the 
total lower genital intraepithelial neoplasia, respec-
tively [3]. This study also showed an increasing 
annual proportion of VaIN possibly secondary to 
improved screening and increasing attention to col-
poscopic inspection of the entire vaginal wall [3]. 
The average age at diagnosis is about 50 years [4, 
5], and the mean age is related to the degree of 
VaIN.  The incidence of VaIN 1–2, VaIN 3, and 

vaginal CIS peaks at age of 45, 60, and 70–79, 
respectively [2, 6]. The increasing practice of HPV 
vaccination should make VaIN an even more 
uncommon condition in the near future [7].

VaIN is frequently associated with CIN and 
VIN. VaIN has been diagnosed in patients with 
histories of CIN and VIN in 65% and 10% of 
cases, respectively [8]. Kim et  al. reported that 
52.6% of patients with VaIN had either prior or 
concurrent CIN [5]. Among women who under-
went hysterectomy for cervical cancer, VaIN was 
identified in 5–15% of cases [9–12]. In contrast, 
the incidence of VaIN in women following hys-
terectomy for benign uterine diseases is approxi-
mately 1.3% in the subsequent 10 years [13].

Similar to CIN and VIN, HPV is considered 
pivotal in the pathogenesis of VaIN. Summarizing 
22 US studies, a systematic review identified the 
most common HPV types associated with VaIN 3 
and vaginal cancer are HPV 16 and HPV 18, with 
prevalences of 65.1% and 72.7%, respectively 
[14]. In another systematic review of summarizing 
232 cases of VaIN, Smith et al. reported that 92.6% 
of VaIN 2-3 and 98.5% VaIN 1 cases had HPV 
detected by either polymerase chain reaction or 
hybrid capture assays [15]. The prevalence for any 
carcinogenic HPV type in vaginal and cervical 
specimens is similar (P = 0.3), indicating that car-
cinogenic HPV types have equal affinity for vagi-
nal and cervical epithelium [16]. Most CIN occurs 

a b

Fig. 25.2 (a) Low-grade SIL/VaIN-2 characterized by 
expansion of the lower third of the squamous mucosa by 
immature basal cells with increased cellularity, imparting 
a darker appearance of the lower third of the epithelium. 
Note the presence of squamous cells on the surface show-

ing irregular nuclei and perinuclear halo. These squamous 
cells display cytologic features of HPV effects and are 
coined koilocytes. (b) Patchy, weak immunopositivity of a 
low-grade SIL/VaIN-1 for p16

Fig. 25.3 High-grade SIL/VaIN 2 characterized by atypi-
cal squamous cells involving the mid third of the squa-
mous epithelium
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in the transformation zone of the uterine cervix. It 
is believed that the columnar epithelium of the cer-
vix undergoes squamous metaplasia at the begin-
ning of the premalignant process and becomes 
susceptible to the oncogenic HPV effects. Since a 
transformation zone does not exist in the vagina, 
the prevalence of VaIN is significantly lower than 
CIN although the entire lower genital tract is 
infected by the virus with equal affinity.

In addition to HPV infection, other risk factors 
for VaIN include radiation therapy, immunosup-
pression, prenatal exposure to diethylstilbestrol 
(DES), and smoking. Women who have had pel-
vic radiation for malignant as well as benign dis-
eases have been reported at an increased risk for 
development of VaIN [17]. Radiation might 
induce changes in the vaginal squamous cells on 
the cellular levels that render already affected or 
newly infected cells with HPV more susceptible 
to the oncogenic effects of the viruses. In women 
with iatrogenic immunosuppression [18] or 
affected by the human immunodeficiency virus 
(HIV) infection, the incidence of VaIN rises to 
approximately 5% [19]. An increased relative risk 
for CIN 2-3 and VaIN 2-3 has been identified in 
women exposed to DES in utero [20]. A cohort 
comprising 3899 DES- exposed and 1374 unex-
posed daughters was followed for 13 years. The 
relative risk among DES-exposed women for 
development of high- grade dysplasia of the lower 
genital tract is 2.1 [21]. In patients with high-risk 
(HR) HPV genotypes, smokers are at an increased 
risk for high- grade VaIN in comparison to patients 
who have never smoked [22].

The natural history of VaIN is not completely 
understood. There have been no prospective stud-
ies evaluating the potential for disease progres-
sion from low-grade VaIN. Several retrospective 
observational studies have suggested that 90% of 
low-grade VaIN probably regresses spontane-

a b

Fig. 25.4 (a) High-grade SIL/VaIN 3 showing involve-
ment of the full thickness of the squamous epithelium by 
dark atypical basaloid cells. (b) High-grade SIL/VaIN 3 

displays strong, diffuse, block-like immunopositivity for 
p16. Strong immunopositivity for p16 is a surrogate marker 
for oncogenic HPV infection in the lower genital tract

Fig. 25.5 Vaginal squamous mucosa demonstrating full- 
thickness involvement by dysplastic cells characteristic 
for squamous cell carcinoma in situ. Note three small 
nests of malignant keratinocytes in the submucosa sepa-
rate from the dominant overlying carcinoma in situ con-
sistent with early invasion. The neoplastic cells in the 
invasive component display abundant eosinophilic cyto-
plasm which is commonly seen in mature squamous epi-
thelium, a phenomenon known as paradoxical maturation 
which serves as a clue for early invasion

25 Vaginal Intraepithelial Neoplasia (VaIN): Diagnosis and Management
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ously as the immune system mounts a response 
[23, 24]. VaIN 3 lesions have greater malignant 
potential, and there are no data regarding the 
spontaneous regression of VaIN 2–3. 
Observational studies have suggested that 2–8% 
of patients with VaIN may progress to invasive 
vaginal carcinoma (see Fig. 25.5) [8, 23, 25, 26]. 
The estimated mean interval of progression from 
VaIN 1 to VaIN 2-3 is about 15 years [27]. 
Furthermore, VaIN 3 biopsies show initial inva-
sion (see Fig. 25.5) in approximately 10–28% of 
cases [23, 28–30]. The subsequent progression to 
invasive vaginal carcinoma after appropriate 
treatment of VaIN ranges from 2% to 5% [8, 31–
33]. The scar of the vaginal vault following hys-
terectomy may represent a site for increased risk 
of progression from high-grade VaIN to invasive 
cancer, especially when performed for CIN [34]. 
This association may be due to incorporation of 
VaIN into the vaginal cuff closure during hyster-
ectomy, potentially hiding the lesion from cytol-
ogy screening.

25.2  Diagnosis

VaIN is usually asymptomatic. Although patients 
can present with postcoital spotting or vaginal 
discharge, most are diagnosed through 
colposcopy- guided biopsies performed for evalu-
ation of an abnormal Pap test.

25.2.1  Pap Test

Many studies have demonstrated a correlation 
between abnormal Pap smears and high-grade 
VaIN, with one reporting a high-grade cytology 
including HSIL (high-grade squamous intraepi-
thelial lesions) and ASC-H (atypical squamous 
cells cannot rule out high-grade SIL) in 89% of 
VaIN 2-3 [4]. In another study, the referral Pap 
smears in a cohort of 87 women with a histo-
logic diagnosis of high-grade VaIN were 
reviewed. When the Pap results were catego-
rized as either low- (defined as atypical squa-
mous cells of undetermined significance/
ASCUS and low-grade squamous intraepithelial 

lesions/LSIL) or high- grade (HSIL and ASC-
H), the authors found significantly higher num-
bers of the referral Pap smears in the high-grade 
category, particularly if the patients were post-
menopausal or had a previous diagnosis of 
HPV-related cervical diseases. However, the 
authors also emphasized that a diagnosis of 
ASCUS or LSIL in the previous referral Pap 
smear does not exclude high-grade VaIN, espe-
cially VaIN 2 [35]. Another study showed a sig-
nificantly increased detection rate of VaIN in the 
high-risk (HR) HPV-positive group, suggesting 
that vaginal cytology and high-risk HPV DNA 
co-testing might be the preferred method for 
surveillance in patients with invasive cervical 
carcinoma after hysterectomy [12]. In patients 
who have not undergone hysterectomy, an 
abnormal cytology requires a thorough col-
poscopic assessment of not only the cervix but 
also the entire vagina. In postmenopausal 
patients with urogenital atrophy, a few weeks of 
topical estrogen treatment will often accentuate 
visualization and improve detection of 
VaIN.  VaIN should be excluded in all women 
with an abnormal Pap smear who underwent a 
previous hysterectomy due to CIN or cervical 
squamous cancer, and annual vaginal cytology 
screening should be performed regularly [9, 36] 
for at least 4–10 years [37]. The sensitivity of 
vaginal smear cytologic examinations after hys-
terectomy is more than 80%, similar to cervical 
screening with the Pap test [38].

25.2.2  Colposcopy of VaIN

Approximately 80% of VaIN lesions are located 
in the upper one-third of the vagina and 60% of 
cases are multifocal [8]. After insertion of the 
speculum and application of 5% acetic acid, 
VaIN usually appears as acetowhite areas, often 
with a raised border and a micropapillary 
appearance in low-grade lesions similar to con-
dyloma acuminata (Fig. 25.6). VaIN 2-3 usually 
appears more flattened and opaque with punc-
tuation and occasionally mosaicism (Figs. 25.7 
and 25.8). The presence of a markedly irregular 
surface or severe vascular abnormalities with 
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unusual branching suggests an invasive process. 
Irrespective of the colposcopic appearance, 
biopsies are usually warranted prior to ablative 
therapy for documentation of histology and to 
assure the lack of invasive disease (see 
Fig. 25.5). Schiller’s or Lugol’s iodine solution 

can be used to detect lesions and confirm bound-
aries prior to excisional biopsies. In patients 
with atrophy related to menopause (Fig. 25.9), 
vaginal estrogen applied for 6 weeks will 
improve the accuracy of colposcopy and aid in 
the healing from surgical, ablative, and topical 
therapies.

In 2011, the International Federation of 
Cervical Pathology and Colposcopy (IFCPC) 
agreed on an international revised colposcopic 
nomenclature of the vagina [39] (Table  25.1). 
Findings should be described including a gen-
eral assessment, normal and abnormal col-
poscopic findings, and other miscellaneous 
findings such as traumatic lesions, polyps, or 
endometriosis.

In a recent study of 466 patients with a his-
topathological diagnosis of vaginal squamous 
intraepithelial lesions (SIL), Sopracordevole 
et  al. evaluated colposcopic patterns of VaIN 
and attempted to correlate colposcopy with 
histopathology [40]. The authors considered 
thin acetowhite epithelium, fine punctuation, 
and fine mosaicism as grade I abnormal col-
poscopic patterns, while dense acetowhite epi-
thelium, coarse punctuation, and coarse 
mosaicism were considered grade II patterns. 
In contrast to the 2011 IFCPC terminology 
(see Table 25.1), in which Lugol’s nonstaining 
areas were considered “nonspecific,” the aceto-
negative Lugol’s nonstaining areas were cate-
gorized as a grade I abnormality in their study. 
Furthermore, the colposcopic description of 
the micropapillary pattern was characterized 
“as an acetowhite area with an irregular micro-
papillary surface.” The authors concluded that 
grade I abnormal colposcopic findings and the 
micropapillary pattern were more commonly 
observed in low-grade VaIN, while grade II 
abnormal findings and the presence of vascular 
patterns were more frequently observed in 
high-grade VaIN.

25.2.3  Biopsy Technique

A biopsy should be taken from the most col-
poscopically suspicious area of the vagina, for 

Fig. 25.6 VaIN 1 colposcopy photographs showing ace-
towhite epithelial changes that are multifocal and slightly 
raised, in some areas probably representing resolving 
condylomata

Fig. 25.7 VaIN 2 with surrounding atrophic epithelial 
changes in menopause. The acetowhite epithelium is less 
raised and more punctate than VaIN 1 and usually not 
mosaic as in CIN. Vaginal estrogen should be applied to 
improve colposcopy and treatment results prior to laser 
therapy

25 Vaginal Intraepithelial Neoplasia (VaIN): Diagnosis and Management
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the purpose of defining the degree of dysplasia 
and to rule out invasive carcinoma. In some 
cases of multifocal or extremely wide lesions, 
multiple biopsies may be required. When per-
forming a Tischler-Kevorkian® punch biopsy, it 
is helpful to partially close the speculum to 
allow the vagina to fold in on itself. Keeping the 
vagina taut makes performing a biopsy difficult. 
Local anesthetic (e.g., 1% lidocaine) can be 
helpful to reduce pain. Hemostasis is usually 
obtained with application of Monsel’s solution 
or the use of silver nitrate. If bleeding persists, a 
suture may be necessary.

Table 25.1 2011 International Federation of Cervical 
Pathology and Colposcopy (IFCPC) clinical and col-
poscopic terminology of the vagina [39]

Section Pattern
General 
assessment

Adequate or inadequate for the 
reason (e.g., inflammation, 
bleeding, scar) transformation zone

Normal 
colposcopic 
findings

Squamous epithelium: mature or 
atrophic

Abnormal 
colposcopic 
findings

General principles:
• Upper third or lower two-thirds
•  Anterior, posterior, or lateral 

(right or left)
Grade 1 (minor): thin acetowhite 
epithelium, fine punctation, fine 
mosaic
Grade 2 (major): dense acetowhite 
epithelium, coarse punctation, 
coarse mosaic
Suspicious for invasion:
• Atypical vessels
•  Additional signs: fragile vessels, 

irregular surface, exophytic lesion, 
necrosis ulceration (necrotic) 
tumor, or gross neoplasm

Nonspecific:
Columnar epithelium (adenosis)
Lesion staining by Lugol’s solution 
(Schiller’s test): stained or 
nonstained, leukoplakia

Miscellaneous 
findings

Erosion (traumatic), condyloma, 
polyp, cyst, endometriosis, 
inflammation, vaginal stenosis, 
congenital transformation zone

a b

Fig. 25.8 VaIN 2–3  in the posterior fornix. Notice the 
more acetowhite portion of the lesion is more characteris-
tic for VaIN 1–2, and the more opaque and less acetowhite 
area is characteristic of VaIN 3. Lugol’s solution can help 

identify areas of VaIN that may be missed with colpos-
copy but is nonspecific and requires both colposcopic and 
histopathologic interpretation

Fig. 25.9 VaIN 2–3 with severe atrophy, magnified col-
poscopic view
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25.3  Treatment of VaIN

Several treatment options are available for the 
treatment of VaIN including surgical excision, 
ablation, topical therapy, and radiation therapy. 
Each treatment option is associated with poten-
tial advantages as well as unique side effects. 
Therefore, treatment requires individualization 
according to the patient’s characteristics, disease 
extension, and previous therapeutic procedures. 
Treatment also varies according to the grade, age, 
and location of lesions.

VaIN 1 often regresses spontaneously and has 
very low if not insignificant malignant potential. 
VaIN 1 lesions typically are multifocal and tend 
to recur frequently after treatment, although this 
may actually be persistence of unrecognized 
lesions or progression of subclinical disease that 
was not initially recognized. Generally, women 
with asymptomatic VaIN 1 can be managed by 
close surveillance rather than treatment, recog-
nizing that acute HPV infection usually resolves 
over a period of 6–12 months as the immune sys-
tem responds. For young women with persistent 
visible lesions, the treatment of choice is CO2 

laser vaporization with an excisional procedure 
for confirmation of diagnosis. Multifocal lesions 
and VaIN involving the lower third of the vagina 
are commonly treated either with laser vaporiza-
tion or topical 5-FU (Table 25.2). Surgical exci-
sion with partial upper vaginectomy is the 
treatment of choice for apical VaIN 3 or VaIN in 
the vaginal cuff scar in women post- hysterectomy 
for cervical neoplasia. Surgical excision of the 
apex hysterectomy scar containing VaIN 3 is 
especially recommended to rule out underlying 
invasive disease and to reduce the incidence of 
treatment failure.

25.3.1  Surgical Therapy

Surgical excision is the mainstay of VaIN therapy 
and has the advantage of permitting histologic 
diagnosis since invasive foci have been detected 
in up to 28% of resected specimens [41]. Surgical 
approaches include loop electrosurgical excision 
procedure (LEEP), partial vaginectomy, total 
vaginectomy (Table 25.3), and cavitational ultra-
sonic surgical aspiration (CUSA) (Table  25.4). 

Table 25.2 Treatment modalities of vaginal intraepithelial neoplasia (VaIN)

Surgical therapy Ablation Topical therapy
Radiation 
therapy

Vaginectomy, partial vaginectomy CO2 laser Imiquimod Brachytherapy
Cavitational ultrasonic surgical aspiration 
(CUSA)

Photodynamic 
therapy

Topical 5-FU (Efudex®)

LEEP Trichloroacetic acid (TCA)

Table 25.3 Surgical treatment of vaginal intraepithelial neoplasia (VaIN)

Study Year Number
Recurrence 
(%) Surgical modality Complications Follow-up

Hoffman 
et al. [29]

1992 23 17 Partial vaginectomy 
(upper vaginectomy)

None 6–73 
months

Cheng et al. 
[75]

1999 40 34 Partial vaginectomy 
(wide local excision)

4 vaginal bleeding, 4 fever, 4 
urinary tract infection

1–124 
months

Dodge et al. 
[8]

2001 13 0 Partial vaginectomy None >7 months

Gunderson 
et al. [4]

2013 44 27 Partial vaginectomy 1 vaginal stump bleeding, 1 
vesicovaginal fistula

1–194 
months

Choi et al. 
[76]

2013 3 0 Laparoscopic upper 
vaginectomy

None 11–29 
months

Luyten et al. 
[77]

2014 33 13 Colposcopic-guided 
laser-skinning 
colpectomy

2 moderate shortening of the 
vagina, 2 required reconstruction 
of vaginal strictures

12–104 
months
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Most excisions are performed transvaginally, 
although some are done laparoscopically or open, 
particularly when the upper vaginal cuff is 
involved.

25.3.1.1  Vaginectomy
Vaginectomy can be total or partial (see 
Table 25.3). Partial upper vaginectomy is consid-
ered treatment of choice for apical VaIN 3 or 
VaIN in the region of the vaginal cuff scar, espe-
cially in women after hysterectomy for cervical 
neoplasia, since these lesions are frequently bur-
ied in suture recesses [28]. Total vaginectomy is 
rarely indicated and associated with significant 
risk for morbidity including blood loss, fistula, 
and loss of sexual function.

Partial upper colpectomy with removal of iso-
lated lesions not involving the vaginal cuff scar 
can be accomplished with LEEP in histologically 
confirmed unifocal or clustered of VaIN 2-3 [24]. 
Excision consists of the vaginal mucosa and a 
portion of the submucosal tissue. The procedure 
results in minimal lateral tissue damage, similar 
to the effects of a laser; however it may be more 
difficult to control the depth of excision com-
pared to laser. The recurrence rate in 23 patients 
treated for VaIN with LEEP was 13% at 12 
months and 25% at 24 months [42]. LEEP for 
partial upper vaginectomy can be performed 
quickly, with minimal blood loss [43], provides 
an interpretable specimen, needs a short training 
period, and is associated with low cost [44]. 
Complications are relatively uncommon; how-
ever, they can be significant including sigmoid or 
rectal perforation [45] and formation of vesico-
vaginal fistula [46]. Therefore, LEEP requires 
great care and precision to control depth of pen-
etration in the vaginal wall.

VaIN is often multifocal, and it is necessary to 
obtain free margins during partial vaginectomy in 

order to reduce the risk of disease recurrence. In 
cases with multifocal VaIN that involves both the 
upper and lower third of the vagina, excision of 
upper apical lesions (especially when possible 
microinvasion is suspected) can be combined 
with laser vaporization of the lower vagina [28].

25.3.1.2  Cavitational Ultrasonic 
Surgical Aspiration (CUSA)

The use of CUSA in VaIN allows selective removal 
of tissue while preserving the surrounding normal 
tissue (see Table 25.4). CUSA is considered rela-
tively easy to perform. However, similar to other 
ablative therapies, tissue is not preserved for 
pathologic examination. Therefore, it is also rec-
ommended that excisional biopsies be obtained 
prior to CUSA excisions. In 2000, Robinson et al. 
retrospectively compared the efficacy of CUSA 
against other methods (laser vaporization, loop 
excision, partial vaginectomy, 5-fluorouracil, and 
surveillance by Pap smear) in the treatment of 46 
patients with a spectrum of low- to high-grade 
VaIN. Although more patients with VaIN 3 under-
went therapy with CUSA, a significantly higher 
number of patients initially treated with CUSA 
experienced no recurrence (66%) during a mean 
follow-up of 21 months compared to patients ini-
tially treated by other methods [47]. Another retro-
spective study of 92 women treated for VaIN with 
CUSA reported a 19.6% recurrence rate with a 
median follow-up of 4.5 years [48]. Of note, both 
studies reported no postoperative complications 
associated with CUSA.

A randomized controlled trial comparing 
CUSA versus CO2 laser ablation in the treatment 
of vaginal and vulvar dysplasia in a cohort of 110 
patients (52 VaIN and 44 VIN patients) demon-
strated no difference in recurrence during a 
1-year follow-up period (24.4% versus 25.5%, 
respectively) [49]. In the opinion of the authors, 

Table 25.4 CUSA treatment of vaginal intraepithelial neoplasia (VaIN)

Study Year Number
Recurrence 
(%) Complications Follow-up

Robinson et al. [47] 2000 29 34 None 4–94 months
Matsuo et al. [48] 2009 92 19.6 None 54 months (median)
von Gruenigen 
et al. [49]

2007 45 24.4 Infections, dysuria, adhesions, 
vaginal discharge

12 months (checkpoint 
of RCT)
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there was less postoperative pain and scarring 
with CUSA, especially when the introitus or 
adjacent vulva was treated [49].

25.3.2  Ablative Therapies

25.3.2.1  CO2 Laser
It is commonly used as an ablation method but 
can also be used as an excisional tool with tissue 
for histologic evaluation. CO2 ablation and exci-
sions are generally well tolerated, heal satisfacto-
rily, result in minimal sexual dysfunction, 
associated with relatively few immediate or long- 
term side effects, and result in minimal blood 
loss. Therefore, CO2 laser is considered the treat-
ment of choice by several authors [24, 31, 50]. 
However, CO2 laser also has limitations includ-
ing high cost for the equipment and maintenance, 
a relatively long learning curve for excisional 
techniques, and the potential for missed detection 
of some VaIN lesions [33] that may require 
repeated treatment over time.

Because the thickness of the epithelium 
affected by VaIN varies from 0.1 to 0.3 cm, CO2 
laser vaporization with its properties of limited 
lateral heat spread is ideally suited to treat this 
disease without significant damage to the sur-
rounding or underlying normal tissues 
(Fig.  25.10) [51]. Margins should be obtained 
0.5–1 cm around the VaIN, and the depth of laser 
is usually less than 1 mm and perhaps deeper in 
the vaginal cuff. Laser ablation is a useful option 
for women with multifocal VaIN lesions and for 
women who refuse excisional surgery procedures 
for lesions confirmed as noninvasive. However, 
ablative therapy should not be performed if the 
entire area of abnormal epithelium cannot be 
visualized or if there is any suspicion of invasion 
during thorough colposcopy. Careful attention to 
power density and depth of penetration of the 
laser beam is required to avoid injury of the 
underlying bladder or rectum.

Numerous case series have documented the 
recurrence rates of VaIN following CO2 laser 
ranging from 0% to 67% (Table 25.5). Younger 
age (<48 years) and VaIN 3 involvement of the 
upper vaginal vault are reported as risk factors for 

recurrence after laser vaporization [52]. Pain and 
bleeding are the most frequent complications, 
requiring intervention in 20% of patients in one 
series [53]. CO2 laser ablation is the most com-
monly performed ablative therapy in modern 
practice given the wide availability of laser units, 
quick healing, favorable side-effect profile, and 
ease of repeat treatment when necessary.

25.3.2.2  Photodynamic Therapy 
(PDT)

Photodynamic therapy is performed by a laser 
beam with a wavelength of 635 nm and an output 
of 80–125  J/cm2 following the application of a 
photosensitizer (e.g., 10% 5-aminolevulinic acid 
(ALA) gel) that selectively targets dysplastic 
cells. ALA is approved by the US Food and Drug 
Administration (FDA) and commercially avail-
able under the name of Levulan® for actinic kera-
toses (AK) [54]. PDT has only been used 
experimentally for VaIN and is not currently 
FDA-approved for treatment of genital lesions 
[55]. One study of patients with vulvar or vaginal 
intraepithelial neoplasia grade 2/3 (n  =  22) 
showed a complete clearance rate for intraepithe-
lial neoplasia in 57% (determined by biopsy) and 
shorter healing time compared to conventional 
treatments including CO2 laser and surgical exci-

Fig. 25.10 Appearance of the vagina immediately post 
CO2 laser ablation for VaIN 3. The mucosa is lasered to 
the submucosa. Typical vaginal mucosa is 0.1 to 0.3 cm 
depending on menopausal status, and laser depths are usu-
ally no more than 1 mm below the surface of adjacent nor-
mal vagina. The appearance of the submucosa after laser 
is described as “chamois cloth”
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sion [56]. In another study of 15 patients with a 
spectrum of vulvar and vaginal premalignant 
lesions (VIN 2, n = 3; VIN 3, n = 4; VaIN 2, n = 2; 
VaIN 3, n = 3; Paget’s disease, n = 3), the authors 
reported a complete response rate of 80% at the 
3-month follow-up and 71.4% at the 1-year fol-
low- up. However, recurrence was observed at the 
1-year follow-up in two cases of complete 
response. Adverse events such as photosensitiv-
ity reactions including facial edema and urticaria 
occurred in 13.3% of the patients, and perineal 
pain occurred in one patient. In the opinion of the 
authors, PDT may be an effective alternative 
treatment for premalignant lesions of the female 
lower genital tract that preserves normal anatomy 
and sexual function with less short-term side 
effects. However, there have been no direct com-
parative studies of photodynamic therapy versus 
CO2 laser for safety and efficacy, and this tech-
nique remains investigational [57].

25.3.2.3  Topical Therapies
Topical application of therapeutic agents has the 
advantage of treating the entire vaginal mucosa 
with good coverage of multifocal disease as well 
as disease in folds and recesses of the vagina. 
There are no guidelines clearly defining the ideal 
treatment for multifocal high-grade VaIN. Topical 
therapy appears to be an appropriate first-line 
therapy in women with low-grade VaIN and mul-
tifocal disease or those patients who are poor sur-
gical candidates with biopsy-proven VaIN 3. 
Before starting topical treatment, invasion must 
be excluded by thorough colposcopic examina-
tion and biopsy.

Imiquimod
Imiquimod is an immune response modifier that 
induces the secretion of interferon-alpha, inter-
leukin- 12, and tumor necrosis factor-alpha (TNF- 
α), locally stimulates natural killer cell activity, 
promotes the maturation and activity of 
Langerhans cells, and increases the effectiveness 
of the T cell-mediated response [58]. Imiquimod 
is FDA-approved for treatment of actinic kerato-
sis and for external genital/perianal warts.

There are several case series on the off-label 
use of topical application of 5% imiquimod 
cream for the treatment of VaIN. In these reports, 
variable imiquimod treatment regimens have 
been described. The cream was applied at least 
three times a week for 8 weeks under colposcopic 
guidance in one study [59], which had a poor 
compliance by patients and required a significant 
time commitment by health providers. Buck et al. 
in 2003 used imiquimod for the treatment of 
VaIN 1 with great success; however we now 
know that spontaneous regression of low-grade 
VaIN is common [60]. A recent systematic review 
and meta-analysis of the literature on the efficacy 
of 5% imiquimod in the treatment of all degrees 
of VaIN included six studies with a combined 94 
patients [61]. With some limitations due to the 
nature of their study, the authors found that the 
complete response rate of imiquimod in VaIN 
treatment was 76.5%, a success rate comparable 
to laser vaporization. According to their analysis, 
the HPV clearance with imiquimod was 52.5%, 
superior to the 11% clearance rate for CO2 laser. 
Lastly, the proportion of women with recurrence 
appeared to be low at 5.6%. According to this 

Table 25.5 Laser treatment of vaginal intraepithelial neoplasia (VaIN)

Study Year Number Recurrence (%) Follow-up
Krebs et al. [78] 1989 22 27 12–84 months
Audet-LaPointe et al. [27] 1990 32 28 7–85 months
Hoffman et al. [79] 1991 26 42 11–56 months
Diakomanolis et al. [80] 1996 25 32 35–82 months
Sopracordevole et al. [50] 1998 24 33 3–12 months
Campagnutta et al. [81] 1999 39 67 13–90 months
Dodge et al. [8] 2001 42 38 > 7 months
Perrotta et al. [82] 2013 21 14 12–78 months
Gunderson et al. [4] 2013 34 47 1–194 months
Wang et al. [83] 2014 39 0 12–39 months
Piovano et al. [84] 2015 285 25 1–28 months
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review, 5% imiquimod cream is potentially an 
effective and safe noninvasive alternative treat-
ment for VaIN, especially among young women 
with multifocal lesions or postmenopausal 
women wishing to avoid surgical modalities. 
However, great care must be exercised prescrib-
ing imiquimod off-label, and application should 
be performed by an experienced practitioner as 
there are potential toxicities of systemic absorp-
tion. A prospective randomized trial comparing 
imiquimod to expectant management observation 
or laser for low-grade VaIN is warranted.

5-Fluorouracil (5-FU)
Topical 5-FU has varying rates of reported suc-
cess for treatment of VaIN and is not FDA- 
approved for intracavitary applications 
(Table  25.6). Therefore topical 5-FU cream 
should be prescribed with caution by those famil-
iar with its intravaginal use, potential toxicities, 
and informed consent.

Several dosing protocols have been suggested, 
ranging from twice daily application for 14 days 
to once weekly for 10 weeks (see Table  25.6). 
Failure rates are comparable to other techniques 
for treatment of VaIN. Complications of topical 
5-FU include vaginal irritation or burning with 
prolonged application leading to vaginal ulcer-
ations that can be quite symptomatic [62, 63], 
even requiring surgical excision [64]. Krebs et al. 
conducted a retrospective study of 220 patients 
treated with 5-FU cream, including 104 VaIN 
patients, reporting 41.8% patients that had clini-
cal signs of acute chemical mucositis of vagina 
and/or cervix 2–4 weeks after the last 5-FU appli-
cation [64]. Compared with the continuous regi-
men, weekly application of 5-FU had similar 

response rates and similar incidence of chronic 
vaginal ulceration, about 8% [64]. External zinc 
oxide cream or petroleum jelly can be used as a 
barrier to help protect against ulceration in adja-
cent areas. Topical estrogen also may reduce 
patient discomfort. However, in the study by 
Krebs et  al., estrogen creams and cauterizing 
agents failed to accelerate healing of vaginal 
ulcers [64]. Interestingly, columnar metaplasia of 
the vaginal mucosa can occur after topical 5-FU, 
the clinical significance of which is uncertain 
[65]. Topical 5-FU can be effective for multifocal 
low- and high-grade VaIN but is associated with 
short-term side effects including vaginal irrita-
tion, discharge, and the potential for vaginal 
ulceration if therapy is not discontinued when 
vaginitis symptoms develop.

Trichloroacetic Acid (TCA)
TCA is a powerful keratolytic agent that can 
coagulate proteins of the skin, destroying all 
cutaneous structures to the level of the reticular 
dermis. It has also been shown to have a thera-
peutic effect on HPV-induced genital warts [66] 
and HPV infection of the cervix without associ-
ated dysplasia [67]. Treatment with intravaginal 
50% TCA with a weekly application for 1–4 
weeks resulted in regression of VaIN of various 
grades in 71.4% of cases [68]. Although all VaIN 
1 patients demonstrated remission, likely in part 
related to the known spontaneous regression of 
low-grade VaIN, the study also showed that VaIN 
2–3 may also benefit from repeated TCA treat-
ment [68]. The adverse effects include temporary 
vaginal discomfort following the application. 
Because of the potential for significant tissue 
injury, TCA should only be carefully applied by 

Table 25.6 5-FU treatment of vaginal intraepithelial neoplasia (VaIN)

Study Year Number Recurrence/persistence (%) Treatment schedule Follow-up
Caglar et al. [62] 1981 27 15 Once daily × 5–10 days 3–48 months
Kirwan et al. [85] 1985 14 7 Once weekly × 10 weeks 4–42 months
Krebs et al. [78] 1989 37 19 Once weekly × 10 weeks 12–84 months
Audet-LaPointe et al. [27] 1990 12 17 Daily × 5 days 9–42 months
Dodge et al. [8] 2001 22 59 NR >7 months
Murta et al. [86] 2005 16 38 Once weekly × 10 weeks NR
Fiascone et al. [87] 2017 47 25.5 Once weekly × 8 weeks 4–92 months

NR not reported
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knowledgeable practitioners using the minimum 
of TCA on the wooden end of a cotton applicator 
(not the cotton itself) to prevent surrounding tis-
sue necrosis.

Estrogen
The role of vaginal estrogen in the treatment of 
VaIN has been evaluated in a single observa-
tional retrospective study of 83 patients [69] 
that had VaIN 2–3 and underwent various treat-
ment modalities including vaginal estrogen, 
CO2 laser ablation, topical 5-FU, wide local 
excision, LEEP, and partial vaginectomy. The 
authors reported a 90% regression or cure of 
high-grade disease in the patients treated with 
vaginal estrogen alone (n = 40). Patients treated 
with vaginal estrogen together with one or more 
other treatment modalities (n = 32) experienced 
an 81.3% regression or cure rate. In contrast, 
regression or cure of high-grade disease was 
documented in 71.4% of patients undergoing 
treatment without vaginal estrogen (n = 5). Of 
note, a regression or cure of VaIN 2–3 was 
recorded in all four patients who were followed 
up without any treatment intervention. 
Interpretation of the results from this study is 
limited given the retrospective observational 
design and lack of biopsies confirming regres-
sion or cure (only cytology and colposcopic 
visual appearance). Furthermore, the authors 
failed to specify the criteria for triage into the 
treatment groups. Lastly, the study did not show 
any statistical significance in terms of treatment 
response or recurrence between the treatment 
groups.

The role of vaginal estrogen in the active 
treatment of high-grade VaIN remains doubtful. 
Nevertheless, vaginal estrogen therapy may 
improve the colposcopic accuracy in patients 
with atrophic vaginitis and may aid the cytologic 
interpretation of Pap tests by eliminating inflam-
mation and atrophic cells. Furthermore, estrogen 
may improve healing following ablative and sur-
gical therapies.

25.3.2.4  Radiation Therapy
Brachytherapy is intracavitary radiotherapy 
whereby the radiation source is placed directly 

inside the vagina by an applicator, delivering 
ionizing radiation directly to the surface of the 
VaIN lesions. Brachytherapy is rarely used 
because surgical or ablative therapies are usu-
ally successful, and brachytherapy is associ-
ated with more costs and side effects. Radiation 
therapy is reserved for patients who (1) failed 
previous treatments, (2) are poor surgical can-
didates, (3) have extensive, multifocal disease 
not easily treated by other methods, or (4) have 
VaIN 3 lesions that are suspicious for invasive 
carcinoma despite biopsies showing only VaIN 
3. The optimum radiation dose is uncertain. 
The majority of studies on vaginal brachyther-
apy for high-grade VaIN reported a recurrence 
rate in the range of 0–14%, seemingly lower 
than, or at least comparable to that of other 
treatment approaches (Table 25.7). Annual col-
poscopy with Pap or HPV screening is advised 
considering the risk of both early and late 
recurrences.

Vaginal complications following brachy-
therapy include urogenital atrophy, stenosis, 
and shortening. Bowel and bladder side effects 
are infrequent given the low level of tissue pen-
etration characteristic of brachytherapy. Poor 
wound healing of irradiated tissue is a concern 
for patients who may subsequently require 
future gynecological vaginal procedures [70]. 
Other limitations of brachytherapy in the man-
agement of high-grade VaIN include the long-
term inherent risk of ionizing radiation of 
inducing a second neoplasm including VaIN 
and vaginal cancer [71]. Furthermore, the resul-
tant atrophy and sclerosis can compromise the 
quality of screening of colposcopy during fol-
low-up. The reported cure rates achieved by 
brachytherapy are some of the highest for VaIN; 
however it is difficult to draw firm conclusions 
regarding complications and long-term adverse 
effects given that most studies are retrospective 
observations of relatively short follow-up. 
Clinical experience suggests the potential for 
significant alteration in the vaginal tissues that 
may lead to difficulty with intercourse. The 
early use of vaginal dilators and vaginal estro-
gen may help prevent or alleviate some of these 
side effects.
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25.4  Prevention: HPV Vaccines

Similar to CIN, primary prevention through 
vaccination against the high-risk (HR) HPV 
sub- types 16 and 18 can be very efficient against 
the development of high-grade vaginal precan-
cerous lesions. A combined analysis of three tri-
als showed a 100% efficacy of the quadrivalent 
vaccine (HPV types 6, 11, 16, and 18) against 
HPV 16- and 18-associated VaIN 2–3 in women 
naive to these two HR-HPV types. The efficacy 
against both VaIN and VIN 2–3 caused by HPV 
16 and 18  in all enrolled women (n = 18,174) 
including women with possible HPV exposure 
at enrollment was 71%. The overall efficacy 
against any kind of VaIN or VIN 2–3 was 49% at 
a mean follow-up of 3 years [72]. In another 
analysis of two randomized controlled trials that 
enrolled 17,622 women aged 16–26 years and 
tested the efficacy of quadrivalent HPV vaccine 
through 42 months of follow-up, the vaccine 
efficacy against lesions related to the HPV types 
in the vaccine was 100% for VaIN grade 1 [73]. 
The current nonavalent HPV vaccine (HPV 
types 6, 11, 16, 18, 31, 33, 45, 52, and 58) 
should improve coverage and efficacy for 
VaIN.  Smoking cessation and complete and 
proper treatment of CIN, VIN, and adenocarci-
noma in situ are other interventions recom-

mended to decrease the likelihood of VaIN [74]. 
Lastly, barrier contraception with condoms may 
also reduce the incidence of VaIN.

25.5  Conclusion

VaIN is usually asymptomatic and identified 
from screening cytology or HPV testing and 
should be considered in women with CIN, VIN, 
and post-hysterectomy with abnormal Pap tests. 
Multiple therapeutic options are available for its 
management including surgical and ablative 
techniques. The choice of therapy depends on the 
patient’s general health, surgical risks, desire for 
vaginal sexual function, the presence of multifo-
cal disease, and the certainty with which invasive 
disease has been excluded.

Key Points
• Vaginal intraepithelial neoplasia (VaIN) is defined 

by the presence of squamous cell  dysplasia con-
fined to the lining squamous mucosa without 
invasion. The disease is classified according to the 
level of epithelial involvement.

• The true incidence of VaIN is unknown but is 
estimated at 0.2–0.3 cases per 100,000 women 
in the United States. The average patient is 
between 43 and 60 years of age.

Table 25.7 Brachytherapy studies for vaginal intraepithelial neoplasia (VaIN)

Study (year) Methods
Dose/fraction (depth in 
cm) Number Histology

Follow-up 
(median)

Success rate 
(%)

Woodman et al. 1988 
[88]

LDR 27–51 Gy (1) 11 VaIN 3 25 months 100

MacLeod et al. 1997 
[89]

HDR 34–45 Gy/4–10 fx (0.5–1) 14 VaIN 3 46 months 85.7

Ogino et al. 1998 [70] HDR 20–30 Gy/3–6 fx (A point) 
15–30 Gy/3–6 fx (1)

6 VaIN 3 90.5 months 100

Teruya et al. 2002 [90] HDR 30–36 Gy (1) 30–40 Gy 
(0.5)

13 CIS 127 months 100

Graham et al. 2007 [91] MDR 48 Gy/2 fx (0.5) 22 VaIN 3 77 months 86.4
Blanchard et al. 2011 
[92]

LDR 60 Gy (0.5) 28 VaIN 3 41 months 93

Song et al. 2014 [93] HDR 30–50 Gy (0–1) 34 VaIN 48 months 88
Zolciak-Siwinska et al. 
2015 [94]

HDR 28.0–37.5 Gy (0–1) 20 VaIN 2–3 39 months 90

LDR low-dose rate, MDR middle-dose rate, HDR high-dose rate, CIS carcinoma in situ;depth (cm) to the vagina surface 
at which radiation dose was prescribed
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• VaIN is a histologic diagnosis, typically made 
based upon colposcopically directed biopsy of 
the vagina.

• Once high-grade VaIN is diagnosed, invasive 
disease must be excluded by colposcopy and 
biopsy, especially before undertaking any 
ablative or topical therapy that does not permit 
definitive histologic confirmation of the 
lesion.

• Surgical excision, laser ablation, topical ther-
apy, and intracavitary radiation successfully 
eliminate the lesion in approximately 70% to 
80% of women; there is a 20% to 30% recur-
rence rate.

• Following therapy, gynecologic examina-
tion and vaginal cytology should be per-
formed every 6 months for 1–2 years and 
annually thereafter to evaluate for persis-
tent or progressive disease. Thereafter, 
patients can be followed at annual inter-
vals. Human papillomavirus (HPV) testing 
may be useful as part of posttreatment 
surveillance.
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26.1  Introduction

Noncommunicable diseases are fast- and ever- 
growing health problems, probably due to the 
westernized lifestyle, increased life expectancy, 
and increased lifetime exposure to the known risk 
factors for that particular disease [1]. As a conse-
quence, the incidence of majority types of can-
cers has increased, may be due to increased 
access to better screening strategies. According 
to GLOBOCAN 2012, 14.1 million new cases of 
cancer were detected with 8.2 million cancer 
deaths worldwide. Lung cancer accounted for the 
most number of cases as well as deaths from the 
same [2]. Breast cancer is a major public health 
problem for women throughout the world. Breast 
cancer is the second most common cancer overall 
and by far the most common cancer in women 
with slightly more cases estimated to have 
occurred in developing regions than in developed 
regions.

26.2  Epidemiology

On an average, women over 60 years of age are 
more likely to be diagnosed with breast cancer. 
Only about 10% to 15% of breast cancers occur 
in women younger than 45 years. However, this 
may vary for different races or ethnicities. The 
incidence of breast cancer increases with age, 
doubling about every 10 years until the meno-
pause, when the rate of increase slows 
dramatically.

Breast cancer is the most common cancer with 
1.7 million cases but ranks fifth as the cause  
of mortality (522,000, 6.4%). In 2012, 14.1  
million new cases were detected which is 
expected to rise to 22 million new cases by the 
next two decades [3].

Breast cancer accounted for almost 11.1% of 
all cancers in more developed nations compared 
to 13% in less developed nations. It is the most 
frequent cause of cancer deaths in females in less 
developed regions (14.3% of total) and second 
most common cause of cancer death in developed 
regions after lung cancer (15.4%).

There is a wide variation in incidence rates of 
breast cancer ranging from 19.4 per lakh in Eastern 
Africa to 89.7 per lakh in Western Europe [4].
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26.2.1  Incidence Rates (Fig. 26.1)

It was estimated that 1,671,149 new cases of breast 
cancer occurred in the world in 2012, of which 
882.9 (per 100,000) were from less developed 
countries, while 793.7 (per 100,000) of them 
occurred in the developed nations. GLOBOCAN 
2012 estimated it to be the most common cancer in 
women with the standardized incidence rate of 
43.1 per lakh [2].

Among the six regions of WHO, the highest 
incidence was observed in PAHO (Pan American 
Health Organization) and the lowest incidence 
was noted from SEARO, 66.6 and 27.8, respec-
tively (Southeast Asia Region). Belgium had the 
highest incidence rate of 111.9, whereas Mongolia 
and Lesotho had the lowest rate of 9. Belgium, 
Denmark, Bahamas, and the Netherlands had the 
highest standardized incidence rates. Northern 
America and Western Europe had the maximum 
incidence rates of 91.6 and 91.9, respectively, and 
middle Africa and Eastern Europe had the lowest 

incidence rates of 26.8 and 27.0, respectively. In 
India, the estimated incidence is 1,45,000 cases 
per year, and the estimated mortality rate is 70,000 
deaths per year [5].

26.2.2  Mortality Rates (Fig. 26.2)

521,907 deaths were reported due to breast can-
cer in 2012. The age-specific standardized mor-
tality rate (ASMR) was 12.9 per lakh after lung 
cancer in the world. The Eastern Mediterranean 
Region (EMRO) had the highest standardized 
mortality rate of 18.6, and the Western Pacific 
Regional Office of WHO (WPRO) which 
includes 37 countries had the lowest rate of 7. 
Africa had the highest mortality rate of 17, 
whereas Eastern Asia had the lowest mortality 
rate of 6.9. Fiji (28.4), the Bahamas (26.3), 
Nigeria (25.9), FYR Macedonia (25.6), and 
Pakistan (25.2) had the highest standardized 
mortality rates per lakh [5].

Incidence ASR
Female

Ovarian cancer

8.4+

6.8–8.4

5.0–8.8

3.8–5.0

<3.8

No data

Source: GLOBOCAN 2012 (IARC)

Fig. 26.1 Standardized incidence rate of breast cancer in 
world in 2012. Adapted with permission from Ferlay J., 
Soerjomataram I., Ervik M., Dikshit R., Eser S., Mathers 
C., Rebelo M., Parkin D.M., Forman D., Bray, 
F.  GLOBOCAN 2012 v1.0, Cancer Incidence and 

Mortality Worldwide: IARC Cancer Base No. 11 
[Internet]. Lyon, France: International Agency for 
Research on Cancer; 2013. Available from: http://gco.
iarc.fr/today/home. Source: GLOBOCAN 2012 (IARC)
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26.2.3  Human Development Index 
(HDI)

Very high HDI countries had the highest age- 
specific incidence rates (ASR) of 78 but the 
lowest mortality rate of 14.1, while low HDI 
countries had the lowest ASR of 32.6 but the 
higher mortality rate of 17. The lowest inci-
dence and mortality was seen in countries with 
medium HDI [6]. In a study by Ghoncheh, 
increased HDI was associated with increased 
incidence of cancer though it did not signifi-
cantly relate to death [7].

The reasons for these fluctuating trends in 
incidence and mortality rates observed across the 
globe are partially due to the difference in the risk 
factors across different geographical boundaries 
and also due to the differing trends in breast can-
cer diagnosis.

Factors like obesity and sedentary lifestyle 
are the primary reasons for higher incidence 
noted in the developed nations and for ever-

increasing rates in Asian and Asian American 
women [8]. Delayed childbearing has been par-
ticularly associated with large increases 
observed among Hispanic and Hispanic 
American females [9].

Michelle et  al. in their analysis found that 
western countries had the highest rates ranging 
from 49.7 per lakh in Puerto Rico to approxi-
mately 97 per lakh in countries like America and 
Australia. These were 3–4 times the rates found 
in Asia (27.2–36.2). They concluded that though 
breast cancer incidence rates increased in the 18 
countries they studied, still no clear geographic 
location or ethnicity emerged. The incidence and 
mortality varied to up to fourfold globally 
between 1993 and 1997. North America had the 
maximum incidence followed by Western 
Europe, Oceania, Scandinavia, and Israel. Eastern 
Europe, Southern and Latin America, and Asia 
had the lowest rates [10].

In the date shown by GLOBOCAN 2012, 
North America and Western Europe still top the 
list, though the incidence rates have shown a mar-

Fig. 26.2 Standardized breast cancer mortality rates in 
world in 2012. Adapted with permission from Ferlay J., 
Soerjomataram I., Ervik M., Dikshit R., Eser S., Mathers 
C., Rebelo M., Parkin D.M., Forman D., Bray, 
F.  GLOBOCAN 2012 v1.0, Cancer Incidence and 

Mortality Worldwide: IARC Cancer Base No. 11 
[Internet]. Lyon, France: International Agency for 
Research on Cancer; 2013. Available from: http://
gco.iarc.fr/today/home
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ginal decrease for middle Africa and Eastern Asia 
from the previous analysis done by Michelle 
et al. (26.8 and 27.0, respectively) [2].

Japan has registered a 6% increase per year 
from 1999 to 2008. In South Korea the rates have 
shown an increase [11], whereas Hong Kong has 
registered a decline of the same [12]. Highest 
death rates due to breast cancer have been seen 
from Malaysia and Thailand [13].

Though race and hereditary are strong predic-
tors for the risk of breast cancer, studies on 
migrant women from low- to high-income areas 
reveal that social and environmental issues too 
play a major role.

Younger age at menarche, late menopause, 
delayed first birth, and postmenopausal obesity 
all increase the lifetime exposure to estrogen and 
are possible explanations for the varying rates 
observed in American women versus Asian (97/
lakh vs 27/lakh) [14, 15]. Shimizu et al. demon-
strated that women from low-income countries 
had lower estrogen levels, in turn a lower risk. An 
Indian study showed that rural lifestyle decreased 
the risk of breast cancer [15].

Early detection improves the outcome of treat-
ment and thus 5-year survival which is >80% in 
North America and <40% in low-resource coun-
tries [4]. Socioeconomic status directly correlates 
with the disease stage and survival [16]. 
Education goes a long way to help women in 
choosing the screening at the earliest. Yip et al. 
showed that cancer mortality was way higher in 
low-income countries especially Africa where 
treatment is sought late in the course of the dis-
ease [17]. Similar is the case with Kenya and 
Uganda [18].

Breast cancer care has to be a multimodal 
approach with the availability of both screening 
and treatment options, all available to the women 
in need.

Maybe different strategies have to be planned 
for both developed and developing nations. Breast 
self-examination (BSE) first followed by a mam-
mography if required would be a better option in 
resource-constrained areas. BSE does not 
decrease death rates but increases awareness as 
mammography is not cost-effective here [14, 19].

Screening mammography is a better option for 
developed countries. In western countries, breast 
cancer incidence rose by ~30% when screening 
programs were implemented in the late 1980s, 
whereas in the Asian world, it was not the case as 
most breast tumors are detected by BSE with the 
exception of Japan where population screening 
was started in 1987 [20].

Increase was noted from Latin America and 
the Caribbean probably due to the increased use 
of mammography as well as the delayed first 
birth, but what contributed more is still largely 
unknown [9, 21].

Finally to contain this issue and the associated 
morbidity and mortality, a robust and an accessi-
ble health system has to be in place so that effec-
tive population-based strategies can be planned 
and implemented to ensure better coverage. 
Underreporting and failure of diagnosis could be 
the cause of bias in cancer registration, especially 
in less developed countries, so population-based 
cancer registries (PBCR) should be put into place. 
Among Denmark, the Netherlands, the Bahamas, 
and Belgium, which have high incidence, all 
except Bahamas have a PBCR. Countries like Fiji, 
Nigeria, the Bahamas, and Pakistan, which have 
the highest death rates from breast cancer, have no 
PBCR [5].

26.3  Conclusion

GLOBOCAN estimates provide an impetus for 
regional and national prioritization of cancer 
control of the predicted 22 million new cases by 
2025. The greatest increases are anticipated in 
low-income countries, so long-term planning is 
the need of the hour to decrease the future cancer 
burden by utilizing the available resources appro-
priately. Though there is a global increase in 
breast cancer incidence, still the mortality from 
the same has either plateaued or decreased. The 
reasons are multiple, from early detection to 
mass implementation of screening programs to 
improved and advanced treatment, but still the 
divide between the rich and the poor is 
intangible.
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Key Points
• Worldwide, breast cancer is the most fre-

quently diagnosed cancer and the leading 
cause of cancer death among females.

• It is still the most common cause of cancer 
death in women in developing regions, but the 
second most common cause of cancer death 
(after lung cancer) in women in developed 
regions.

• The incidence of breast cancer increases with 
age, doubling about every 10 years until the 
menopause.

• Very high HDI countries had the highest age- 
specific incidence rates (ASR).

• The fluctuating trends in incidence and mor-
tality rates observed across the globe are par-
tially due to the difference in the risk factors 
across different geographical boundaries and 
also due to the differing trends in breast cancer 
diagnosis.
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27.1  Introduction

Breast cancer mortality for women is only 
exceeded by lung cancer and its incidence is only 
second to skin cancer among women in the United 
States. Invasive cancer development occurs in 
approximately one in every eight women [1].

The incidence of breast cancer worldwide is 
about 1.8 million cases with greater than 460,000 
deaths from breast cancer, with about 252,710 
new diagnoses of invasive breast cancer on an 
annual basis in the United States and with about 
63,410 new cases of noninvasive (in situ) breast 
cancer. Approximately 40,610 patients will suc-
cumb to breast cancer.

The incidence of breast cancer in men is far 
less, estimated to be about 1 per 1000. On an 
annual basis, it is estimated that approximately 
2470 new cases of male breast cancer will be 
diagnosed. Male breast cancer is only 0.7% of all 
breast cancers [2].

The mortality rates from breast cancer have 
been on the decline since 1989 with women less 
than 50 years of age demonstrating the most sig-
nificant change. Women under 50 have experi-
enced the greatest decrease. This is suggested to 
be primarily due to the result of improvement in 
the treatment of breast cancer, its early detection 

by means of screening mammography [3], and 
better knowledge and education of the population 
in general.

27.2  Risk Factors Associated 
with Breast Cancer

• Female gender and increasing age are two 
major risk factors.

• For women in the postmenopausal age group, 
obesity has been associated with more risk.

• Early menarche or late menopause, first preg-
nancy at age greater than 30, absence of breast-
feeding, and nulliparity increase the risk, likely 
due to increase exposure to estrogen.

• Alcohol consumption demonstrates a dose- 
response relationship to breast cancer risk.

• Current smoking is a risk factor with a com-
plex interaction of smoking with alcohol. 
Smoking also interacts with endogenous hor-
mones in a detrimental way increasing risk for 
the development of breast cancer.

• Physical exercise on a regular basis seems to 
have been associated with a decreased risk 
pertaining to breast cancer among other 
things. A healthy diet including fish, fruits, 
and vegetables, as well as olive oil, may result 
in a lower risk of breast cancer also [4].

• High Risk: The female population which is 
at a higher than average risk for breast can-
cer (i.e., lifetime risk ≥20 to 25%) benefit 
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from extra testing including genetic counsel-
ing. Thereby, BRCA and other gene muta-
tions can be discovered, and adjunctive 
breast cancer surveillance may also be per-
formed from an imaging perspective which 
may include contrast- enhanced breast MRI 
in addition to mammography and breast 
ultrasound.

27.3  Normal Breast Anatomy

Terminal ductal lobular unit (TDLU) is the fun-
damental unit of the breast tissue. Each breast, or 
mammary gland, contains 15–20 lobes [5], and 
each lobe is comprised of 20–40 terminal ductal 
lobular units. They consist of extralobar terminal 
duct (ETD) which attaches the lobule to the duc-
tal system.

Most of the breast cancer arises within the lob-
ules of the breast or in the ductal connections 
from these lobules to the nipple. Breast milk is 
produced within the glands in the breast lobules. 
The remainder of the breast consists of lymphatic 
and connective tissue interspersed with fat.

27.4  Role of Imaging

• Screening
• Diagnosis including breast intervention
• Treatment planning including staging of 

breast cancer and monitoring therapy

27.4.1  Screening for Breast Cancer

Different imaging modalities can be utilized as a 
screening tool for breast cancer.

These include mammogram (2D and 3D), 
ultrasonography (USG), and MRI.

27.4.1.1  Mammography
The screening mammogram is performed in a 
woman with no history of symptoms or com-
plaints [6]. The purpose of the study is to decrease 
morbidity and mortality by detecting breast can-
cer in its earliest stages, thereby rendering it 

treatable. Screening mammography is estimated 
to reduce breast cancer mortality by almost 40% 
if performed on an annual basis rather than less 
frequently [7–13].

Although earlier detection does not necessar-
ily ensure cure, screening mammography is the 
best modality currently available to detect breast 
cancer that cannot be discovered by clinical 
examination.

The screening mammogram consists of two 
standard views. Additional views may be obtained 
which may include views such as anterior com-
pression, cleavage view, exaggerated craniocau-
dal (XCCL) view, etc. to maximize the amount of 
breast tissue that is visualized at the time of 
screening (Fig. 27.1).

Age of Initiation: The American College of 
Radiology (ACR), Society of Breast Imaging 
(SBI), and the National Comprehensive Cancer 
Network (NCCN) recommendation are as fol-
lows: Initiate annual screening mammography at 
the age of 40.

Age to discontinue screening mammography:

ACR: Continue annual screening mammogram 
till the life expectancy is less than 5 to 7 years, 
based upon age or comorbidities.

ACOG: Recommend annual screening mammo-
gram up to the age of 74. Thereafter, they 
advise women who are 75 years of age and 
older to consult with their primary care pro-
viders to discuss the risks/benefits of annual 
screening mammograms.

ACS: Annual screening mammogram recom-
mended if a woman is in good health and her 
life expectancy is 10 years or longer.

SBI: No established age for women to stop 
screening. According to them women should 
continue annual screening mammography if 
they are healthy.

Screening mammography can be performed 
using a 2D (two-dimensional) mammogram or a 
3D (three-dimensional) mammogram.

27.4.1.2  Ultrasonography
Ultrasound (USG) may also be used as an adjunc-
tive imaging modality to screen for breast cancer. 
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USG is the diagnostic imaging of choice in a 
pregnant patient or a female patient less than 30 
years of age with specific signs/symptoms or 
findings.

A retrospective review of ultrasounds per-
formed in one center for the evaluation of focal 
breast signs or symptoms in women less than 30 
years found that the NPV (negative predictive 
value) and sensitivity of breast ultrasound are 
100 percent.

The incidence of breast cancer is on the rise 
worldwide. However, mammography is not 
always available to the general population as a 
screening modality in the developing world even 
though almost half of the worldwide breast can-
cer cases are found in these areas of the globe. 
Ultrasound may be used as an alternative screen-
ing tool in such cases [14].

An additional 4.3 cancers per 1000 women 
screened will be discovered with screening ultra-
sound when used as an adjunctive tool for screen-
ing in addition to mammography. However, the 
false-positive results also increase since the spec-
ificity of ultrasound is not as good (positive pre-
dictive value (PPV): mammogram without 
ultrasound = 22.6 % and it falls to only 11.2% for 
ultrasound done in addition to mammogram). 
This translates into an additional 354 biopsies 
performed per thousand women who have had 
bilateral screening done every other year for 25 

years. Supplemental ultrasound is predicted to 
prevent about 0.36 additional cancer deaths in 
these women.

Screening for Breast Cancer: Comparison 
of Adjunctive Breast Ultrasound 
with Mammograms
“The recall rate for women undergoing breast 
ultrasound is comparable to the recall rate with 
mammography even though the false positive 
rate is higher with ultrasound”—American 
College of Radiology Imaging Network (ACRIN) 
6666 trial study data.

Berg and colleagues collected data from 2662 
women in three different countries including the 
United States, Canada, and Argentina from 20 
sites. A total of 7473 exams were performed 
which included 3 annual rounds of screening 
with mammography and whole breast. These 
were interpreted by physicians who also per-
formed the exams. The participants then had a 
biopsy or were given a 12-month clinical follow-
 up (JNCI, December 28, 2015). One hundred 
eleven breast cancers were diagnosed among 
2662 women, out of which 80.2% were diag-
nosed with invasive breast cancer and 81% had 
node-negative breast cancer. The performance of 
ultrasound and mammography was comparable 
with ultrasound diagnosis of 52.3% cancers and 
mammography diagnosis of 53.2%. The recall 

Lateral Lateral Upper Upper

Medial Medial

Fig. 27.1 Screening mammogram CC (craniocaudal) and MLO (mediolateral oblique) views of the right and left 
breast
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rate for ultrasound was minimally higher at 
10.7% as compared to 9.4% with mammography; 
similarly, the short interval follow-up rate and 
biopsy rates were slightly higher for ultrasound, 
estimated to be 3.9% vs 1.6% and 5.5% vs 2%, 
respectively. The PPV for ultrasound was lower 
at 11.7% for ultrasound as compared to 38% for 
mammography.

Invasive cancer detection percentage was 
91.4% for ultrasound vs 69.5% for mammogra-
phy. Also, the ultrasound-detected cancer was 
node negative in about 64.2% vs 43.9% with 
mammography. So, the ultrasound-detected can-
cer had a better prognosis considering a node- 
negative status.

27.4.1.3  Breast MRI (Contrast 
Enhanced)

Breast MRI is another imaging modality used for 
adjunctive breast cancer surveillance in asymp-
tomatic women.

Recommendations for annual breast MRI are 
as follows (based on high risk of breast cancer 
and high sensitivity of MRI):

• BRCA mutation
• First-degree family member (untested) of 

BRCA carrier
• Higher than average lifetime risk (estimated to 

be 20–25% or greater), as defined by 
BRCAPRO or other models based primarily 
on family history

• Chest radiation between the age of 10 and 30 
(generally for lymphoma patients)

• Syndromes: Li-Fraumeni, Cowden, and 
Bannayan- Riley-Ruvalcaba syndromes and 
first-degree family member

Not enough evidence to recommend for or 
against MRI screening:

• Estimated lifetime risk of 15–20%, as per 
breast cancer models relying primarily on 
family history including BRCAPRO

• Biopsy results with atypia including ADH 
(atypical ductal hyperplasia), ALH (atypical 
lobular hyperplasia), or lobular carcinoma in 
situ (LCIS)

• Dense breast tissue
• Personal history of breast cancer, including 

ductal carcinoma in situ (DCIS)

Thermography
The basic principle of thermography is that a 
metabolically active tissue generates more heat 
than the surrounding tissue. Cancer is metaboli-
cally active due to rapid group supported by neo- 
angiogenesis taking place within the cancer 
tissue [15]. Infrared radiation is emitted by this 
tissue at a wavelength of 0.8 micrometer to 1 
micrometer which is detected using an infrared 
camera [15]. This can then be converted into an 
energy signal to calculate the actual temperature 
of the object of interest. These signals can gener-
ate a visual map.

Breast thermography is based upon the above 
principle with the proposed theory behind the pro-
cess being that this technique may be able to detect 
cancer earlier than can be seen using mammogra-
phy or clinical examination [16]. However, despite 
the high sensitivity of this technique, it displays a 
significant lack of specificity with a high false-
positive rate. In addition, the detected area cannot 
be localized to the point of interest, and this mech-
anism fails in metabolically less active tumors.

Therefore, there is no evidence to suggest that 
thermography may be used as a screening tool.

Molecular Imaging
This is a nuclear medicine technique in which 
either gamma rays or positrons (PEM, positron 
emission mammography) may be used to image 
the patient [17]. The radiopharmaceutical is 
administered to the patient intravenously, and 
then the imaging is performed using either a 
gamma camera or a PEM scanner. These radio-
tracers accumulate in breast cancer and are then 
detected as “hot spots” on the images.

The technique has good sensitivity (overall 
90% and 82% for lesions smaller than 10 mm). 
This technique is useful as a problem-solving 
tool, especially in women with dense breast tis-
sue. It demonstrates a cancer detection rate of 
about 3.2 per 1000 in dense breast tissue and 12 
per 1000 for a combination of mammography 
and molecular imaging [18].
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27.4.2  Diagnostic Imaging

27.4.2.1  Diagnostic Mammography
Diagnostic imaging is performed for women or 
men who report breast complaints or have had an 
abnormal clinical examination, and in women 
who have abnormal screening mammography. 
Patients with specific symptoms, like a palpable 
lump, nipple discharge, or focal pain should 
undergo diagnostic mammography.

The most common findings resulting in an 
abnormal screening mammogram are suspicious 
calcifications, masses, architectural distortion, or 
an asymmetry. In addition, technical factors can 
require a repeat of a mammogram, for example, 
an artifact (like hair), motion, and/or improper 
positioning. These finding may represent benign 
or malignant breast disease.

27.4.2.2  Ultrasound and MRI
Ultrasound and MRI are also employed as part of 
diagnostic imaging. Ultrasound is used in the 
evaluation of every mass to determine internal 
characteristics, flow, margins, etc. MRI is the 
imaging modality of choice to evaluate the extent 
of the disease process, especially in cancer. It is 
crucial that the images from the abnormal screen-
ing mammogram are available during a diagnos-
tic workup, especially if a different provider is 
doing the diagnostic workup so as to accurately 
evaluate the reported abnormality.

Images on a diagnostic mammogram include 
magnification and spot compression views.

Ultrasound is then done to further investigate 
the mammogram findings.

See Figs.  27.2, 27.3, 27.4, 27.5, 27.6, and 
27.7.

27.4.2.3  The BI-RADS Categories
The BI-RADS final assessment categories are 
used to standardize the reporting of the findings 
on the mammogram. They include recommenda-
tions for further management, such as routine 
screening, short interval follow-up, or biopsy.

Assessments are either incomplete (category 0) 
or final assessment categories (categories 1 
through 6). These categories refer only to the 
imaging findings and recommendation and are not 

based upon the clinical picture even though an 
attempt is always made to correlate findings with 
the clinical complaint. For instance, if the patient 
has negative imaging evaluation but has a clini-
cally suspicious lump, a biopsy may still be indi-
cated even though the BI-RADS category is 1 or 2.

These categories are designated as follows:

• BI-RADS 0: Incomplete assessment; need 
additional imaging evaluation and/or prior 
mammograms for comparison.

• This category is used when there is not enough 
information from the views available to derive 
a conclusion. This is more commonly used in 
screening studies, which are interpreted as 
abnormal when the radiologist is not provid-
ing immediate reads. Causes for an  incomplete 
evaluation include technical factors such as 
suboptimal images due to either improper 
positioning or motion; a questionable lesion 
not fully evaluated on the standard screening 
views; or unavailability of prior mammograms 
to confirm stability of a possible focal or dif-
fuse abnormality. A recommendation is made 
regarding the reason for the incomplete report, 
which may entail additional or repeat imaging 
and/or comparison to the prior reports.

• BI-RADS 1: Negative.

Fig. 27.2 Spiculated breast mass on ultrasound highly 
suggestive of cancer
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Fig. 27.3 MRI 
detection of breast 
cancer (the cancer was 
not seen on the 
mammogram)
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Fig. 27.4 Ultrasound image of biopsy proven malig-
nancy (irregular hypoechoic mass with spiculated margins 
and posterior shadowing)

Fig. 27.5 Ultrasound image of breast cysts with charac-
teristic features (anechoic, well-defined back wall and 
posterior acoustic enhancement)

Fig. 27.6 Mammogram images (CC and MLO) of a biopsy proven malignancy showing characteristic features of a 
BIRADS 5 mass (irregular mass with spiculated margins)
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Fig. 27.7 Diagnostic mammogram images of biopsy proven DCIS. (a) CC and ML views. (b) Spot mag CC and ML 
images

a

b
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• No imaging findings are detected. Routine 
annual screening mammography is recom-
mended along with clinical breast examina-
tion as per current guidelines.

• BI-RADS 2: Benign findings.
• There is no concern for malignancy and no 

further action needs to be taken. Benign 
findings are noted which may include a 
fibroadenoma, cyst, or benign calcifications 
like vascular calcifications, etc. The ratio-
nale in reporting these findings is to docu-
ment benignity and to prevent unnecessary 
evaluation. Routine follow-up is 
recommended.

• BI-RADS 3: Probably benign finding.
• This category is used when the likelihood of 

malignancy is less than 2%, and a definite 
benign finding is not seen. Examples of things 
that fall into this category may include an 
asymmetry, a benign-appearing mass, or other 
findings that do not have a categorically 
benign imaging feature.

• The findings in this category are followed at 
shorter intervals less than 1 year to assess for 
stability. Most commonly, diagnostic mam-
mography and/or ultrasound at 6-month inter-
vals for 1 year and then annually for an 
additional 2 years or every 6 months for a total 
of 2 years is routinely done. Follow-up at 
shorter intervals may be requested for close 
surveillance of a lesion that is not clearly 
benign. At any of these interval follow-ups, the 
lesion could be downgraded (BI-RADS 2) if it 
declares itself as clearly benign, or upgraded 
(BI-RADS 4 or 5) if there is a change with suf-
ficient concern for malignancy.

• BI-RADS 4: Suspicious abnormality; biopsy 
should be considered.

• A lesion in this category has suspicious fea-
tures of malignancy. The chance that the imag-
ing finding is a cancer ranges between 2 and 
94%. The degree of suspicion for malignancy 
varies both with the lesion and with the 
interpreter.

• The BI-RADS 4 category is very broad, and 
the findings are compatible with both DCIS 
and invasive breast cancer. Subdivisions of 
this category were introduced to convey the 

level of concern to the patient and her  clinician. 
This enables them to make an informed deci-
sion for further management.

• These subcategories are:
• 4A (chance of malignancy 2 to 9%)
• 4B (chance of malignancy 10 to 49%)
• 4C (chance of malignancy 50 to 94%)
• BI-RADS 5: Highly suggestive of malig-

nancy; appropriate action should be taken.
• The findings in this category have imaging fea-

tures characteristic of a malignancy, for exam-
ple, pleomorphic calcifications, masses with 
spiculation, and skin retraction. The suspicion 
for malignancy is between 95 and 100%.

• BI-RADS 6: Biopsy-proven malignancy; 
appropriate action should be taken.

• This category designates patients with a biopsy-
proven malignancy before surgical excision, 
including patients for the evaluation of response 
to chemotherapy or evaluation of the contralat-
eral breast. The patients with biopsy-proven 
cancer who present for a second opinion on 
prior images also fall under this category.

27.4.2.4  Breast Intervention
• US-guided biopsy: Ultrasound-guided biop-

sies are performed using ultrasound guidance 
to localize and target a lesion for biopsy. 
Generally, a 14-gauge biopsy needle is used to 
obtain core samples.

• Ultrasound can sometimes be used to biopsy 
calcifications also, and a needle up to 9-gauge 
caliber may be used.

• Stereotactic-guided biopsy: A special paddle 
is used to compress the breast within a central 
window in a CC (craniocaudal) or lateral pro-
jection. If the targeted lesion is identified 
within the window, then two additional images 
are obtained called stereotactic images, at +15 
and −15°. Thereafter, the area for biopsy is 
targeted and spatial coordinates obtained in 
the X, Y, and Z projections.

• The skin entry point is then located and the 
needle introduced to the desired biopsy spot, 
verified with additional images and multiple 
biopsies are then obtained.

• Tomosynthesis guided biopsy: It is similar to 
stereotactic-guided biopsy in terms of guidance 
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using mammograms. However, this technique 
incorporates the use of 3D imaging where 
lesions seen in only one projection or only on 
3D images may be biopsied.

• MRI-guided biopsy: These biopsies are per-
formed using MRI guidance. A prebiopsy 
breast MRI is performed after intravenous 
contrast. The suspicious area/mass is then tar-
geted and core biopsy samples obtained. This 
is generally performed with a vacuum-assisted 
9-gauge device. A MRI compatible marker is 
then placed, with the position of the marker 
confirmed at post biopsy craniocaudal and lat-
eral light pressure mammogram images.

The above image-guided biopsies may be per-
formed with different type and caliber biopsy 
devices including vacuum-assisted devices.

27.4.3  Staging Breast Cancer 
and Monitoring Therapy

A diagnosis of cancer is established, and then 
imaging is utilized in treatment planning by stag-
ing the patient. The staging at diagnosis is per-
formed using mammography, ultrasound, MRI 
(locoregional staging), and PET/CT (systemic 
staging).

The staging system used is the AJCC 
(American Joint Committee on Cancer) 8th edi-
tion of breast cancer.

The staging system incorporates not only the 
anatomic stage based on size of the tumor (T), sta-
tus of the lymph nodes (N), and metastatic areas 
(M) but also incorporates various biomarkers 
including receptor status (estrogen/progesterone 
hormone receptor status), histologic grade, human 
epidermal growth factor-2 (HER2), maker for pro-
liferation (such as Ki-67 or a mitotic count), and, 
for appropriate subgroups of tumor, a genomic 
panel (such as Oncotype DX, MammaPrint, 
EndoPredict, Breast Cancer Index, etc.).

Imaging plays a role in deciphering not only 
the anatomic stage but also helps with other prog-
nostic indicator by providing core samples.

Monitoring of therapy is most accurately per-
formed by comparing a prior chemotherapy base-

line MRI to a MRI performed after a few cycles 
of neoadjuvant chemotherapy. However, mam-
mogram and ultrasound may also be used to 
assess for response.

This is generally performed after at least two 
to three cycles of chemotherapy. The results are 
then utilized to modify or continue treatment.

Prognosis and treatment are currently deter-
mined largely on the basis of breast cancer stage. 
Breast cancer survival varies by stage at diagnosis. 
Overall 5-year survival rate is calculated to be 
about 27% for distant-stage disease, 85% for 
regional disease, and 99% for localized disease. 
Survival within each stage varies by the size of the 
tumor (T), calculated as a 5-year relative survival 
rate. So, the best prognosis is for women with 
smaller tumors, with survival rate estimated to be 
about 95% for tumor size less than or equal to 
2 cm, and it decreases with increase in size with a 
rate of 85% for tumor size between 2 and 5 cm and 
72% for tumors that are larger than 5 cm in size.

27.5  Conclusion

Imaging is the cornerstone in the detection of 
early breast cancer and thereby helps in reducing 
the morbidity and mortality associated with 
breast cancer. It plays a role not only in the 
screening and diagnosis of breast cancer but also 
helps in treatment planning and monitoring of 
therapy. The different imaging modalities used 
include mammography, ultrasound, and MRI in 
addition to PET/CT which are used in staging 
and monitoring of the disease.

27.5.1  Staging Breast Cancer 
and Monitoring Therapy

A diagnosis of cancer is established, and imaging 
is also utilized in treatment planning by staging 
the patient. The staging at diagnosis is performed 
using mammography, ultrasound, MRI (locore-
gional staging), and PET/CT (systemic staging). 
The staging used is the TNM staging (AJCC, 
American Joint Committee on Cancer) of breast 
cancer.
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Prognosis and treatment are currently deter-
mined largely on the basis of breast cancer 
stage. Breast cancer survival varies by stage at 
diagnosis. The overall 5-year relative survival 
rate is 99% for localized disease, 85% for 
regional disease, and 27% for distant-stage dis-
ease. Survival within each stage varies by tumor 
size. For example, among women with regional 
disease, the 5-year relative survival is 95% for 
tumors less than or equal to 2.0  cm, 85% for 
tumors 2.1–5.0 cm, and 72% for tumors greater 
than 5.0 cm.

Key Points
• Reduction in breast cancer mortality by 

approximately 40% with initiation of annual 
screening mammography at age 40.

• Breast cancer surveillance can be performed 
using different imaging modalities including 
mammography (gold standard), ultrasound, 
and MRI.

• Women at higher than average risk of breast 
cancer may require a breast MRI in addition to 
conventional screening mammogram.

• Ultrasound is the best imaging modality to 
assess patients less than 30 years of age.

• Breast MRI (with contrast) is the most sensi-
tive imaging modality and best estimates the 
extent of disease. It may also detect mammo-
gram/ultrasound occult breast cancer.

• Breast MRI (with contrast) has the best sensi-
tivity for the detection of breast cancer.

• Staging of breast cancer is helpful in treatment 
planning and assessment of prognosis.

• Staging of breast cancer is performed using 
mammogram, ultrasound, and MRI for locore-
gional staging and PET/CT for systemic stag-
ing depending on the stage of breast cancer.
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Breast Cancer Screening 
Modalities

Kerry-Ann McDonald and Jessica Young

28.1 Introduction

Breast cancer is the most common malignancy in 
women and a leading cause of morbidity and 
mortality in them. Breast cancer survival varies 
by stage at diagnosis. According to the 2017 
Surveillance, Epidemiology, and End Results 
(SEER) data, the overall 5-year relative survival 
rate is 99% for localized disease, 85% for regional 
disease, and 27% for distant-stage disease [1]. 
Breast cancer screening is used to identify women 
with asymptomatic cancer so that cases are 
picked up and treated early leading to better out-
comes. Presently, breast cancer detection relies 
on mammography as the main screening modal-
ity, but mammography has high false- positive 
rates and limited sensitivity for detection of 
lesions in dense breast tissues. Biomarkers that 
can predict early disease are a welcome addition 
to the imaging methods used for breast cancer 
screening. Imaging techniques for screening have 
been discussed in detail in Chap. 27, and the role 
of clinical examination and biomarkers will be 
dealt with in this chapter.

28.2  Breast Self-Examination

Breast self-examination (BSE) has been pro-
moted earlier as a screening method to diagnose 
breast cancer at an earlier age. It may help in the 
detection of lager lesions but is associated with 
increased false positives and more frequent phy-
sician referrals and biopsies.

A large randomized trial of breast self- 
examination in 266,064 women was carried out 
by Gao et al. in Shanghai, China, in 2005. The 
women were randomly assigned to a BSE instruc-
tion group or a control group. Breast cancer was 
detected in 864 women, and 133 breast cancer 
deaths were observed in the BSE group versus 
896 cancers and 130 deaths in the control group. 
This was not found to be statistically significant, 
and so they concluded that intensive BSE cannot 
reduce mortality rate of breast cancer but will 
detect a higher number of smaller and benign 
breast lumps [2]. Baxter N in collaboration with 
the Canadian Task Force on Preventive Health 
Care evaluated the role of breast self-examination 
in screening for breast cancer. BSE failed to show 
a benefit in picking up significant cases of breast 
cancer but significantly increased the number of 
physician visits for evaluation of benign breast 
lesions and number of breast biopsies [3].

Following this, the Canadian Task Force on 
Preventive Health Care gave the following 
recommendations:
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Women between 40 and 70 years: No need to 
routinely teach BSE during the periodic health 
examination in this age group.

Women <40 years: Due to the lack of sufficient 
data in this age group and low incidence of 
breast cancer in them, the risk of net harm 
from BSE and BSE instruction is high.

Women >70 years: In spite of high incidence of 
breast cancer in women of this age group, evi-
dence is insufficient to make a recommenda-
tion regarding BSE.

A 2003 cochrane review based its recom-
mendations on data from two large population-
based studies (388,535 women) from Russia 
and Shanghai comparing BSE with no interven-
tion. They did not find any statistically signifi-
cant difference in breast cancer mortality in 
both groups, RR (95% CI 0.9–1.24), but women 
who were randomized to breast self-examina-
tion were almost twice as likely to undergo a 
biopsy of the breast. There were 3406 biopsies 
performed in the screening group as compared 
to 1856 biopsies in the control group. They rec-
ommended that BSE should not be used for 
breast cancer screening; but women should 
seek medical help if they find any changes in 
their breasts [4].

28.2.1  Breast Self-Awareness

Public education is an important component of 
early detection, and increasing breast awareness 
among women is an important aspect of it. The 
terms breast self-examination and breast aware-
ness are often used loosely [5]. No expert group 
now recommends SBE, but they all do recom-
mend that women should be familiar with the 
appearance and feel of their breasts. Any changes 
detected by the woman should be promptly 
reported to the physician. The changes to be 
looked for include:

• Any palpable lump
• Discharge from nipples, especially bloody 

discharge
• Change in shape or size of the breast

• Skin changes such as erythema, scaling, or 
dimpling

• Swollen lymph nodes in axilla

Breast health awareness is the key element of 
interventions done for early detection of breast 
cancer.

28.3  Clinical Breast Examination

Clinical breast exams (CBE) are manual exami-
nations performed by a clinician, usually a pri-
mary care provider or OB/GYN specialist. CBE 
also offers an opportunity to educate women 
about the importance of early detection, the risks 
of breast cancer, and breast awareness.

There are different palpation techniques for 
CBE.  But the key to successful examination is 
careful observation and systemic palpation. The 
time required for conducting CBE is 2–5 min.

Steps for CBE include [6]:

• With the woman sitting up with arms at her 
side, an observation of shape, color, and skin 
characteristic of the breast should be done. 
Any skin retraction, ulceration, erythema, 
crusting, inversion, or eversion of nipples 
should be noted.

• Now the woman is asked to raise her arms 
over the head. A note of movement of breast 
tissue (can also be done by asking to arch her 
back with hands on hips) and any tethering of 
breast tissue to the chest is done.

• With the woman sitting up, palpation should be 
done with the flat of the finger pads, not the tips. 
To increase the sensitivity should remain cogni-
zant of the nipples. The main purpose is to eval-
uate all tissue between skin and chest wall.

• The movement of fingers can follow any of 
the three patterns. (a) In “radial spoke” tech-
nique, wedges of the tissues are examined 
beginning at the periphery toward the nipple 
in a radial manner. (b) Palpation can be done 
in overlapping “vertical strips” across the 
chest wall from medial portion of the chest 
wall below the clavicle and progress down 
and then up. (c) The breast can be examined 
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in “concentric circles” method, starting from 
the nipple and areola (Fig. 28.1).

• It is possible to repeat the palpation pattern 
using different degrees of pressure (to assess 
different depths of tissue), but more efficient 
approach is to spiral in each position from 
superficial to deep; thus, tissue at each level is 
evaluated.

• The opposite breast is examined in the same 
manner.

• Now, the woman is asked to lie flat with arm 
of the examining breast behind the woman’s 
head which causes the breast tissue to stretch 
against the chest wall, which particularly 
helps in examining the lower quadrants. The 
breast can be examined by using any palpa-
tory method described above.

• Evaluation of supraclavicular and axillary 
node is always performed to complete the 
CBE. Examination of the axilla is best done in 
sitting position with raised arms. The exam-
iner inserts her hand in the axilla, just behind 
the pectoralis major muscle and parallel to the 
plane of the muscle. The woman lowers her 
arms with examiner’s hand in place. The 
examiner then rotates her palm perpendicular 
to the plane and sweeps downward, palpating 
for nodes. Nodes that are hard, fixed to under-
lying structures, or greater than 1 cm may be 
pathological and need evaluation.

• Supraclavicular nodes are best palpated in sit-
ting upright position.

• Please note that nodal basins should be com-
pared bilaterally for symmetry.

If any abnormality is identified, it should be 
noted. The lesion is described with respect to 
nipple and relative depth from the skin. It can be 
documented more objectively using a diagram, or 
by describing the location of the lesion as a time 
on a clockface (i.e. 1 cm mass @ 2:00, 2 cm from 
the nipple).

It is estimated that between 5% and 10% of 
breast cancers may be detected by CBE. The sen-
sitivity of CBE alone is only 21%, and it is not 
comparable to the sensitivity of mammography, 
but the two combined tend to improve the sensitiv-
ity of breast cancer detection to 82%. In the Cairo 
breast screening trial, 4116 women between 35 
and 64 years underwent CBE at a primary health 
center. Eight of 1000 women were detected with 
breast cancer at the time of examination, and two 
among those were rescreened. The initial high 
prevalence of advanced cancer showed that women 
in the community did not seek medical help until 
their disease is advanced. This study highlights the 

Fig. 28.1 Patterns of hand movement during CBE
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importance of educating women and increasing 
their awareness about breast health [7].

Dinshaw et al. undertook a community-based, 
controlled cohort study on breast and cervical 
cancer screening in 150,000 women aged 35–64 
years. The average compliance to getting investi-
gations done was 73% among women with breast 
cancer, and compliance to treatment was 95%. 
This study showed that screening programs with 
CBE were feasible and acceptable in Indian pop-
ulation [8]. However, routine CBE is not recom-
mended in screening-based programs due to the 
lack of evidence [9–13].

28.4  Imaging Tools for Breast 
Cancer Screening

Mammography is the gold standard for detecting 
early breast cancer in screening programs. Other 
imaging diagnostic techniques include ultraso-
nography and MRI of the breast. These have been 
discussed in detail in Chap. 27, and only a brief 
mention is made here.

28.4.1  Mammography

Mammography is the gold standard for breast 
cancer screening. It has an overall sensitivity of 
85% and specificity of 92–97% [14, 15]. For 
average-risk women older than 40 years of age, 
mammography is the only recommended imag-
ing modality to screen for breast cancer.

During the procedure the breast tissue is com-
pressed between two clear plates which are 
attached to an X-ray machine. This results in pic-
tures being taken from two directions. Standard 
mammographic projections include craniocaudal 
(CC), mediolateral oblique (MLO), and mediolat-
eral (ML). Mass lesions, calcifications, and asym-
metric densities can be seen on mammographic 
images. Conventional methods of mammography 
include film mammography, and advances in 
technology have paved the way for digital (2D) 
and 3D (tomosynthesis) mammography.

Film Mammography—In film-screen mam-
mography, X-rays from a stationary X-ray tube 
are absorbed by a phosphor screen, which emits 

light and exposes it to the film to create the mam-
mographic image [16]. This labor-intensive tech-
nique exposes patients to an average radiation 
dose of 2.377 mGy per view [17]. As a result of 
image processing errors, digital mammography 
has quickly replaced film.

Digital Mammography—It was approved in 
2000 by the US Food and Drug Administration 
(FDA) and is a similar technique to film mam-
mography with the exception that the X-rays 
used in digital mammography are converted to an 
electrical signal by the digital detector [16]. This 
allows for improved image quality and more effi-
cient electronic-based image management [16]. 
This technique also exposes the patient to less 
radiation, with two-view digital mammography 
having an average radiation dose of 1.86 mGy 
per view [17]. The main shortcoming of digital 
mammography is the overlap of normal breast 
tissue which can obscure small cancers [18]. It is 
important to remind women that palpable lesions 
need to be evaluated even if they recently had a 
negative mammogram. The newest form of mam-
mography, tomosynthesis, has overcome this 
problem of overlapping breast tissue.

Tomosynthesis digital breast tomosynthesis 
(DBT) represents a newer modality in mammo-
graphic imaging which was approved by the FDA 
in 2011. It is generally used in combination with 
full-field digital mammography [19]. The X-ray 
tube rotates over an arc and thus is able to get 
low-dose images from multiple angles. These are 
then reconstructed into a series of high-resolution 
“slices” and displayed in a dynamic three- 
dimensional ciné mode [19]. It increases the can-
cer detection rate by 29% and decreases the recall 
rate of the patient by 15% [19, 20].

The STORM trial confirmed that DBT detected 
more cancers compared to standard mammogra-
phy. This trial prospectively compared the effect of 
integrated 2D and 3D mammography in a popula-
tion-based breast cancer screening of 7292 women 
[18, 21]. The cancer detection rates were higher 
for the integrated screening, 8.1 cancers per 1000 
screens [18, 21]. DBT was also better at localizing 
lesions for biopsy, accurately characterizing the 
size of lesions, and requires less compression than 
conventional mammography [16].
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The main disadvantages of DBT include 
increased radiation exposure to patients; limited 
evaluation of calcifications, with overall calcifi-
cation detection sensitivity of 75% versus 84% 
for digital mammography; longer procedure 
time; and increased cost compared to standard 
mammography [22].

28.4.2  Mammography as a Screening 
Modality

False-Positive Results—The false-positive 
results of mammography vary from 61% for 
women aged 40 to 50 years to 49.7% for women 
in the age group 66 to 74 years [23]. False- 
positive results can lead to a tremendous amount 
of anxiety for the patient, increased healthcare 
costs, and overdiagnosis.

Pain and Discomfort—Mammography is 
associated with pain and discomfort for a major-
ity of women, with up to 35% of women report-
ing pain with the procedure [24]. This pain often 
stems from compression, which makes the breast 
density more uniform, but can deter some women 
from having screening mammograms. One study 
found that pain is often associated with patient’s 
anticipation of pain rather than the actual com-
pression itself [25]. Multiple interventions are 
available to relieve the pain, such as providing 
women with verbal information before the pro-
cedure, pain relief medication taken before the 
procedure, use of a breast cushion, patient-con-
trolled compression of the breast, and reduced 
compression. The breast cushion was found to 
interfere with image quality, and all maneuvers 
were associated with decreased pain except for 
the technologist’s reduction of compression 
[24]. With the advent of 3D mammography, less 
compression can be used, thus alleviating some 
of the pain.

28.4.3  Breast Ultrasound

Breast ultrasound is a useful adjunctive tool for 
women with dense breasts and in characterizing 
abnormalities seen on mammography [15, 18]. It 
is also used for evaluating focal breast symptoms 

in women younger than 40 years, due to their 
breast density [26]. Unlike mammography, breast 
ultrasound defines cystic versus solid lesions and 
their characteristics, such as simple or complex 
with smooth or irregular margins [15, 18]. Its 
other advantages include low cost and no require-
ment of dye or ionizing radiation. The shortcom-
ings are the technical differences between exams 
and the time and skill necessary to detect small, 
non-palpable tumors [15]. In 2014, the 
Somolnsight study showed that screening breast 
ultrasound can detect more cancers in conjunc-
tion with mammography as opposed to mam-
mography alone [18, 27]. Specifically, 82 cancers 
were detected with screening mammography and 
an additional 30 cancers with ultrasound out of 
112 women. Addition of ultrasound to screening 
mammography yielded an additional 1.9 detected 
cancers per 1000 women screened supporting the 
role of breast ultrasound as a good adjunctive tool 
[27].

28.4.4  Breast MRI

Breast MRI is a highly sensitive screening modal-
ity. Studies suggest that MRI offers a signifi-
cantly higher sensitivity of 91% compared to 
mammography in higher-risk patients, with 
equivalent specificity of 97.2% [28]. Despite this 
benefit, to our knowledge no studies have defini-
tively demonstrated decreased breast cancer- 
specific mortality in high-risk patients [14]. In 
addition to increased sensitivity, MRI does not 
use radiation. However, MRI does require the 
administration of IV gadolinium contrast load to 
delineate areas of enhancement and washout 
kinetics, which can give clues about the suspi-
ciousness of a lesion within the breast. It is also 
one of the most expensive screening modalities 
and costs approximately ten times more than 
standard mammography [18, 29]. Therefore, 
some institutions are investigating the usefulness 
of abbreviated MRIs to reduce cost and scan 
times. The use of breast MRI for screening is lim-
ited primarily to women with a greater than or 
equal to 20% lifetime risk of breast cancer [18, 
30] or for the diagnosis of palpable breast cancer 
not seen on mammography.
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28.5  Biomarkers

Mammography is associated with overdiagnosis and 
high false-positive and false-negative rates. To over-
come this, biomarkers have been developed which 
can help in generating cost-effective assays feasible 
for routine screening. As they are still in early stages 
of development, none of them are sensitive enough 
for the early detection of breast cancer.

Promising candidate biomarkers include pro-
teins, autoantibodies, miRNAs [31], nucleic acid 
methylation, metabolites, exosomes [32], gly-
cans [33], plasma proneurotensin [34], CA15-3, 
RANTES, IGFBP3, OPN, PAI-1, SLPI, HSP90A, 
PAPPA and APOC1 [35], and phospholipids [36].

Established biomarkers already in use for 
diagnosis and prognosis of breast cancer are:

• Estrogen receptor (ER): ER (α) expression is a 
surrogate marker for sensitivity to endocrine 
treatment and response to neoadjuvant che-
motherapy. Tumors which are positive for 
estrogen receptors have a lower rate of com-
plete response (pCR) to neoadjuvant chemo-
therapy than ER-negative tumors [37]. 
However, ER positive tumors generally have a 
better prognosis than ER negative.

• Progesterone receptor (PgR): PgR expression 
in the breast cancer tissue is directly related to 
better outcomes [38].

• HER2: HER2-positive malignancy has a 
poorer outcome compared to HER2-negative 
cancer. Trastuzumab, which is a monoclonal 
antibody targeted to HER2, has helped in 
developing HER2 as a predictive biomarker as 
well as greatly decreasing the mortality of 
HER2-positive patients. Other HER2-targeted 
therapies, including pertuzumab, are also rou-
tinely given to HER2-positive patients [39].

Emerging biomarkers for diagnosis and prog-
nosis of breast cancer are:

• Ki67: This biomarker predicts whether che-
motherapy will be helpful in early or locally 
advanced cancer. Measurement of Ki67 after 
neoadjuvant chemotherapy predicts recur-
rences and overall survival [40].

• Cyclin D1: Amplification of cyclin D1 predicts 
early relapse and poor prognosis [41, 42].

• Cyclin E: Two types of cyclin E have been 
studied—low-molecular-weight and total 
cyclin E.  Their levels help to discriminate 
overall and disease-free survival. They have 
proved to be better than even the clinical and 
pathological biomarkers [43].

• ERβ: Though ERβ protein levels are generally 
predictive of good prognosis, prolonged 
disease- free survival, and response to 
Tamoxifen [44, 45], more studies are needed 
for confirmation.

Multigene parameters: Several genomic tests 
like MammaPrint, Oncotype DX, Genomic Grade 
Index, and Rotterdam signature based on genomic 
profiling are developed with the expectation that 
this might better predict for clinical outcome than 
the standard pathological and clinical markers 
[46]. Oncotype DY and MammaPrint tests are rou-
tinely used for ER/PR-positive HER2-negative 
patients to help determine the need for adjuvant 
chemotherapy.

28.5.1  Circulating Tumor Cells 
and Tumor-Specific DNA

Increased serum levels of cell-free DNA (cfDNA) 
were shown in breast cancer patients by Leon 
et  al. [47]. As an apoptotic biomarker, cfDNA 
gives valuable information regarding diagnosis 
and therapy response prediction [48].

Potential biomarkers under research for the 
diagnosis and prognosis of breast cancer are the 
urokinase-dependent plasminogen activator sys-
tem (uPA), the plasminogen activator inhibitor 
(PAI), mammaglobin, osteopontin, fibroblast 
growth factor receptor 2 (FGFR2), sirtuins 
(SIRT), snail, twist, and Zeb-1 [49].

28.6  Average-Risk Screening 
Recommendations 
in the United States

Average-risk women include those who are 
asymptomatic without any history of high-risk or 
malignant lesion of the breast, are not at high risk 
for a known underlying genetic mutation (such as 
a BRCA1 or BRCA2 gene mutation or other 
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familial breast cancer syndromes), do not have 
multiple family members with breast cancer and 
also have no history of chest radiation at a young 
age [50, 51]. Recommendations may vary for 
each national society/task force.

28.6.1  United States Preventive 
Service Task Force (USPSTF)

The USPSTF recommends biennial screening 
mammography for women aged 50 to 74 years, 
using the rationale that most of the benefit of mam-
mography is derived at this time. They state that the 
decision to start screening at an earlier age needs to 
be individualized, as screening mammography in 
women aged 40 to 49 may result in unnecessary 
biopsies and also the  number of deaths averted is 
smaller than that in older women [50].

28.6.2  American Cancer Society 
(ACS)

The American Cancer Society [51] breast cancer 
screening recommendations (2015) are as 
follows:

Screening mammography should start at 45 
years in average-risk women, using the rationale 
that mammographic screening reduces mortality 
and increases life expectancy.

Women who are ages 45 to 54 years should be 
screened annually, as they report that annual 
screening yielded a larger reduction in breast 
cancer mortality than biennial screening.

Biennial screening or annual screening should 
be done in women who are 55 years and older.

Opportunity to begin annual screening 
between the ages of 40 and 44 years should be 
given to women, as long as they understand the 
risks and benefits.

The ACS also states that women should con-
tinue screening mammography as long as their 
overall health is good with a life expectancy of 
10 years or more. Finally, the ACS does not 
recommend CBE for breast cancer screening 
among average-risk women at any age, as there 
is no evidence that points toward improved 
outcomes.

28.6.3  American College 
of Obstetricians 
and Gynecologists (ACOG)

The updated 2017 breast cancer screening rec-
ommendations from ACOG are as follows:

Screening mammography should start at 40 
years in women at average risk of breast cancer.

Women at average risk of breast cancer should 
have screening mammography every 1 or 2 years 
and should continue screening mammography 
until at least 75 years of age.

Screening mammography may be discontin-
ued after 75 years of age depending on the 
patient’s health status and life expectancy [52].

28.6.4  American College 
of Physicians (ACP)

For women at average risk of breast cancer 
between the ages of 50 and 74 years, physicians 
should encourage mammography screening 
every 2 years in average-risk women. It is fur-
ther stated that for women at average risk of 
breast cancer between the ages of 40 and 49 
years, mammography screening should be done 
every 2 years if the woman requests it. They do 
not recommend screening beyond 74 years of 
age [53].

28.6.5  American Academy of Family 
Physicians (AAFP)

The AAFP recommends that women aged 50 to 
74 years should have biennial screening mam-
mography and if earlier screening is required, 
then it should be an individualized decision.

28.6.6  National Comprehensive 
Cancer Network (NCCN)

The NCCN recommends annual screening mam-
mogram for asymptomatic average-risk women 
aged 40 years and older, with reduction in breast 
cancer-related mortality being the major benefit 
of screening mammography.
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For women less than 40 years of age, at mini-
mum a medical and family history should be 
obtained, and clinical referral should include risk 
assessment, counseling for risk reduction, as well 
as a clinical breast examination every 1 to 3 
years. They have not decided on the upper age 
limit for screening.

In summary, most of the US groups advo-
cate for screening starting at age 40–50 years 
and discontinuing screening after 74 years of 
age.

28.7  International Breast Cancer 
Screening Guidelines (Other 
than United States)

28.7.1  The Canadian Task Force 
on Preventive Health

They do not recommend routine screening 
mammography for women 40–49 years of age. 
They calculated that the number needed to 
screen to prevent one death from breast cancer 
for women aged 40–49 years is 2108, as com-
pared with 721 for women aged 50–69 years. 
Therefore, women in the age group of 50–74 
years should have mammography every 2 to 3 
years. They also recommend against MRI 
screening and CBEs, as there is no evidence 
that it reduces mortality [54].

28.7.2  European Commission 
Initiative on Breast Cancer 
(ECIBC)

ECIBC is a patient-centered initiative aiming to 
improve breast cancer care in Europe. For women 
at average risk of breast cancer between the ages 
of 45 and 74 years, physicians should encourage 
mammography screening. They recommend not 
implementing screening for asymptomatic 
women aged 40–44 years with an average risk of 
breast cancer due to concerns about false-positive 
rates and overdiagnosis.

28.7.3  Breast Cancer Screening 
in India

Indian practitioners stress the importance of 
patient recognition and early detection of breast 
cancer. Awareness and education start at the age of 
30 years as the peak incidence of breast cancer in 
India is in younger women. Since resources are 
limited, screening mammography for the entire 
population is not an affordable approach. 
Therefore, CBEs combined with diagnostic ultra-
sound are deemed fundamental instruments for 
breast assessment and are used as a routine method 
for breast cancer diagnosis, especially in women 
younger than 50 years. When mammography is 
available, its primary use is diagnostic [55].

28.8  Screening Guidelines in Low- 
and Middle-Income 
Countries

Formulation and implementation of breast cancer 
screening guidelines in LMICs were finalized in 
the third Global Summit of Breast Health Global 
Initiative (BHGI) in 2007 [56].

The programs must be culturally sensitive and 
should be in the language understood by the peo-
ple of region. In LMICs most of the women do 
not have access or the finances for mammogra-
phy screening. So the goal in such places with 
basic resources should be to downstage the dis-
ease by teaching women the importance of seek-
ing timely help when breast symptoms occur. 
These women can then undergo CBE by a health 
worker who can refer her for further diagnostic 
tests if required. Education should emphasize 
that survival is better when cancer is treated at an 
early stage (Table 28.1).

When the resources are limited, education pro-
grams stressing the importance of breast awareness 
can be implemented at the district level with the 
help of local midwives. The training of healthcare 
provider in CBE is the key to successful implemen-
tation of the screening program. If the CBE is posi-
tive, a diagnostic ultrasound or mammography can 
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be done. At least it will help in picking up early-
stage tumors which have a better prognosis. 
Though wherever finances permit, mammography 
should be offered to women.

28.9  Screening in Special 
Populations

In the United States, despite some controversies, 
the most common recommendation for screening 
is still annually starting at age 40, without a specific 
age to stop. The following scenarios are special 
populations for which other recommendations 
might be made. These do not include women at 
higher risk of breast cancer from gene mutations or 
family history, which will be addressed elsewhere.

28.9.1  Younger Women (<40 Years)

Women <40 years at average risk should not 
have routine screening, given the low rate of 

cancer, increased breast density leading to less 
accurate screening, and false-positive/false-neg-
ative results. The National Comprehensive 
Cancer Network (NCCN) guidelines recom-
mend that women of average risk between the 
ages of 25 and 40 have a clinical exam every 
1–3 years and that they be familiar with their 
breasts and report any changes to their health-
care provider [13]. For women with specific 
complaints of pain or a mass, the best imaging 
modality under the age of 40 years would be 
ultrasound, followed by mammogram if needed. 
However, mammograms are of lesser utility in 
this age group due to breast density.

28.9.2  Elderly

While there are some differences, most large 
national groups advocate breast cancer screening 
with mammography starting between ages 40 
and 50 for women of average risk. However, 
there is no consensus as to when a woman should 

Table 28.1 BGHI guidelines for LMICs (2007)

Resources Awareness Detection methods Evaluation goal
Basic Development of culturally sensitive 

appropriate local education programs for 
target populations to teach value of early 
detection, breast cancer risk factors, and 
breast health awareness

Clinical history and CBE Breast health awareness 
regarding value of early 
detection in improving 
breast cancer outcome

Limited Culturally appropriate targeted outreach/
education encouraging CBE for age groups 
at higher risk administered at district/
provincial level using healthcare providers 
in the field

Diagnostic breast USG and/
or diagnostic 
mammography in women 
with positive CBE
Mammographic screening 
of target group

Downsizing of symptomatic 
disease

Enhanced Regional awareness programs regarding 
breast health linked to general health and 
women’s health programs

Mammographic screening 
every 2 years in women 
aged 50–69
Consider mammographic 
screening every 12–18 
months in women aged 
40–49

Downsizing and/or 
downstaging of 
asymptomatic disease in 
women in highest yield 
target groups

Maximal National awareness campaigns regarding 
breast health using media

Consider annual 
mammographic screening in 
women ages 40 and older
Other imaging technologies 
as appropriate for high-risk 
groups

Downsizing and/or 
downstaging of 
asymptomatic disease in 
women in all risk groups
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stop screening for breast cancer. As the popula-
tion ages, this is becoming a more and more 
important question.

Most randomized control trials did not include 
elderly women, especially over the age of 80. 
More importantly, the health and longevity of a 
woman are just as important as her actual age. 
Observational studies and computer models show 
a mortality benefit to screening up to age 80–84 
[12, 57]. The mortality benefit of screening is 
often delayed about 5–7 years in RCTs that 
emphasize the importance of life expectancy and 
overall health when considering the age at which 
to stop screening [58].

Therefore, screening is generally recom-
mended for women with at least a 5–10 life expec-
tancy, as studies show that it takes approximately 
10 years before a screening-detected breast cancer 
is shown to impact an older woman’s survival. 
Screening beyond age 70 is estimated to help 2 
out of 1000 women avoid breast cancer death.

There are considerable disadvantages to con-
tinued screening in older women, including anxi-
ety about abnormal findings that may be false 
positive and the trauma of unnecessary benign 
biopsies. Discussing the risks and benefits of rou-
tine screening in older women, in the context of 
their overall health and quality of life, can help 
them make an informed decision in line with 
their preferences and values. For example, if a 
woman would decide not to have treatment, even 
if she was found to have breast cancer, it would 
be more prudent to stop screening. In the discus-
sion with these women, it should be emphasized 
that there is insufficient evidence to show that 
routine screening at this age increases survival. 
However, more RCTs are needed to make an 
informed decision.

If the patient has severe comorbid conditions 
which would limit her life expectancy to less than 
10 years and any intervention based on the 
screening findings would not be beneficial, then 
the recommendations are to stop screening her, 
regardless of her age [58, 59]. It can certainly be 
a difficult discussion to have with patients, as the 
idea of letting a potential cancer go untreated can 
be uncomfortable for most people. However, a 
thorough discussion of the risks and benefits 
should help with their concerns.

28.9.3  Thoracic Radiation

Younger women who receive thoracic mantle 
radiation are more prone to develop breast can-
cer. Women who undergo chest irradiation before 
30 years of age have the highest risk of develop-
ing breast cancer. This is usually seen in women 
with Hodgkin’s lymphoma who receive mantle 
radiation. Their CBE is recommended annually 
if they received the radiation between ages of 10 
and 25 years, and the current age of the patient is 
<25 years. If the patient is over the age of 25, 
there should be a clinical breast exam every 6–12 
months, starting 8–10 years after the radiation 
was given. Mammograms and MRI of the breasts 
should also be initiated if the patient is >25 years 
and at least 8 years after radiation was given.

Thoracic irradiation given when a patient is in 
their 20s–30s substantially increases the risk of 
developing breast cancer by age 40 [60–65]. 
There is some concern for cumulative radiation 
exposure in these young women, but the addi-
tional radiation is negligible compared to the 
overall lifetime radiation exposure. The use of 
MRI can also alleviate these concerns.

28.9.4  Dense Breasts

In the United States, many states have passed leg-
islation which requires them to inform women if 
they have dense breasts. This was first passed in 
Connecticut in 2009, with more than 30 states 
joining to date. The notification was put into 
place, as there is evidence that women who have 
dense breast tissue are at an increased risk of 
breast cancer (up to 3–5 times greater lifetime 
risk) compared to women with entirely fatty 
breasts [66–68]. However, currently there is little 
evidence that additional screening would have 
any mortality benefit.

28.10  Conclusion

Breast cancer is the most common malignancy in 
women and a leading cause of morbidity and 
mortality in them. Screening for breast cancer 
relies mainly on education programs stressing the 
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importance of breast awareness and clinical 
breast examination by health workers. Healthcare 
guidelines for early detection, diagnosis, and 
treatment should be implemented in all countries 
depending on the resources they have, but all the 
programs must be culturally sensitive and should 
be in the language of the region. Screening mam-
mography is currently the gold standard for early 
detection of breast cancer though other imaging 
modalities can also be used. Newer noninvasive 
strategies for breast cancer screening which 
include blood-based biomarkers are not sensitive 
enough for early detection of breast cancer, but 
some promising biomarkers such as proteins, 
miRNAs, exosomes, glycans, etc. have shown 
great potential in detection of breast cancer at the 
preinvasive stages of the disease.

Key Points
• Breast cancer screening is used to identify 

women with asymptomatic cancer.
• Presently, breast cancer detection relies on 

mammography as the main screening 
modality.

• Public education is an important component 
of early detection and increasing breast aware-
ness among women.

• Clinical breast examination also offers an 
opportunity to educate women about the 
importance of early detection, the risks of 
breast cancer, and breast awareness.

• Breast ultrasound is a useful adjunctive 
tool for women with dense breasts and in 
characterizing abnormalities seen on 
mammography.

• There is a need to identify reliable biomarkers 
from an easily accessible source that could 
generate cost-effective assays feasible for rou-
tine screening.
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29.1  Introduction

Breast cancer is a heterogeneous disorder and is 
the most common cancer in women all over the 
world [1], and its incidence has increased in the 
last few decades. According to the 2012 statistics 
[2], almost 1.7 million new breast cancer cases 
were diagnosed which account for approximately 
12% of all new cancer cases. Thirty percent of all 
new cancer cases in women have been reported 
due to breast cancer [3]. Of all the causes of death 
from cancer, this is the fifth most common cause 
of death. The reasons contributing to its increased 
incidence are timely detection due to the rapid 
improvement in the screening strategies all over 
the world. The factor increasing the prevalence of 
this cancer is the advancement in the treatment 
protocols all over the world that have helped in 
improving the survival rate after the diagnosis. 
The 5-year survival rate has improved to 90% as 
compared to 75% in 1975 [4].

29.2  Risk Factors

The most important risk factors for breast cancer 
are increasing age and female sex. Other risk fac-
tors are mentioned in Table 29.1.

29.2.1  Gender/Sex

Breast cancer is primarily seen in women with 
99% of cases diagnosed in women and approxi-
mately 1% of breast malignancy in men. The risk 
factor for breast cancer in men includes obesity, 
Klinefelter syndrome, heavy alcohol use, family 
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Table 29.1 Risk factors for breast cancer

Female sex
Advancing age
Pathogenic germline mutations
Family history: breast, ovary, pancreas or prostate 
cancer (features of HBOC)
Ethnic origins: Ashkenazi Jewish population
Reproductive factors: nulliparity, early age at 
menarche, delayed menopause
Hormonal factors
Modifiable risk factors: obesity, alcohol, smoking, 
inadequate physical activity
Previous biopsy results: atypical hyperplasia, LCIS
Radiation exposure between 10 and 30 years
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history, previous estrogenic hormonal therapy, 
and previous radiation exposure to chest.

29.2.2  Age

This is the strongest factor known to affect the 
breast cancer risk. The risk increases with 
increasing age. It is seen most commonly in 
the postmenopausal age group when the risk 
doubles with every decade till 80 years of life 
[5]. After that, there is a decrease in the inci-
dence of breast cancer which could be because 
of inadequate screening. In men, the risk of 
breast cancer also increases with increasing 
age.

29.2.3  Race and Socioeconomic 
Status

Risk of breast cancer is highest in Caucasian 
women, followed by Hispanics and African- 
American population. It is seen lowest in Asian 
women [5]. It is seen more commonly in women 
in the higher socioeconomic status which could 
be due to the change in lifestyle and reproductive 
factors [6].

29.2.4  Radiation Exposure

Therapeutic chest radiation increases the risk of 
breast cancer. This risk correlates with the doses 
received, the age at which there has been expo-
sure to the radiation, and the time elapsed since 
the exposure [7]. Effect of ionizing radiation is 
most pronounced at the time of puberty, even at 
low doses [8].

29.2.5  Family History

Breast cancer has a familial predilection. If there 
is a family history of breast cancer, especially in 
the first-degree relative, the risk of developing 
cancer almost becomes twice the population- 
based risk [9].

29.2.6  Hereditary Breast Cancers

There is an earlier onset of breast cancer in 
women (and men) in syndrome-associated famil-
ial breast cancers. About 2–5% of all breast can-
cers are inherited [10]. Approximately, 4–5% of 
breast cancer is thought to be inherited with auto-
somal dominant predisposing gene mutation 
[11]. The most common genes searched after 
gene linkage analysis are BRCA1 and BRCA2. 
They are associated with hereditary breast and 
ovarian cancer (HBOC). In a study by Lalloo 
et al., almost 20% of breast cancer patients less 
than or equal to 30 years were caused by well- 
known genes, BRCA1, BRCA2, and TP53 [12]. 
The types of pathogenic variants of BRCA gene 
are described along with their cancer risk in 
Table 29.2.

BRCA 1 and BRCA 2: BRCA1 (on chromo-
some 17) and BRCA2 (on chromosome 13) are 
tumor suppressor genes with multitudinous cell 
functions, such as transcription, regulation of cell 
cycle, genomic stability, and DNA repair [24]. Its 
prevalence in the general population (excluding 
Ashkenazi Jewish population) is approximately 
1:400 to 1:500 [25, 26].

The modes of inheritance for these genes are 
autosomal dominant. The various other genes 
associated with inherited breast cancer are enu-
merated along with their breast cancer risk in 
Table 29.3.

Table 29.2 Risk of various types of malignancies in 
individuals of BRCA1/BRCA2 pathogenic variants 
[13–23]

Cancer
Population 
risk BRCA1 BRCA2

Breast 12% 46–87% 38–84%
Second 
primary 
breast

2% in 
5 years

21.1% in 
10 years

10.8% in 
10 years

Ovarian 1–2% 39–63% 16.5–27%
Male breast 
cancer

0.1% 1.2% 8.9%

Prostate 6% by 
69 years

8.6% by 
65 years

15% by 
65 years, 29% 
by lifetime

Pancreatic 0.5% 1–3% 2–7%
Melanoma 1.6% Increased risk
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29.2.7  Reproductive Factors

These are early menarche, late menopause, nul-
liparity, longer interval between menarche and 
first pregnancy, and decreased breastfeeding. All 
these reflect the risks arising from the hormonal 
changes in estrogen and progesterone in the life 
of a woman. These factors mainly carry risks for 
hormone receptor-positive cancer.

29.2.7.1  Early Menarche and Late 
Menopause

The risk of developing breast cancer decreases by 
almost 5% with increase in every 1  year of 

decreased age of menarche [34]. The increased 
age at the menopause, on the other hand, increases 
the breast cancer risk.

29.2.7.2  Parity and Breastfeeding
In comparison to nulliparous females, the parous 
females have almost 17–41% lower risk of devel-
oping breast cancer [34]. The risk with each 
added pregnancy is reduced by approximately 
7% [35], and with each year of breastfeeding, the 
relative risk of developing breast cancer decreases 
by 4.3%. With the hormonal milieu during preg-
nancy and breastfeeding, the breast epithelial 
cells become time and again well differentiated 

Table 29.3 Various cancer-specific syndromes and their breast cancer risk

Cancer-specific 
syndrome Gene Inheritance Breast cancer risk Associated tumors
Li–Fraumeni 
syndrome [27]

TP53 AD ≤79% 
(premenopausal)

Soft tissue sarcoma, osteosarcoma, brain tumors, 
adrenocortical cancer, leukemias
  •Occur in childhood or young adulthood

Cowden 
syndrome [28]

PTEN AD 25–50% Thyroid cancer
Renal cell carcinoma
Endometrial carcinoma
Colorectal cancer
Hamartomas
Trichilemmomas
Papillomatous papules
  •Present some features by 20 years

Hereditary diffuse 
gastric cancer 
[29]

CDH1 AD 39–52% Diffuse gastric cancer
  •Present before 40 years

CHEK2 [30] CHEK AD 25–39% Prostate cancer
Stomach cancer
Sarcoma
Kidney cancer

ATM 
heterozygotes 
[31]

ATM AD 17–52%

PALB2 [32] PALB2 AD ≤58% Male breast cancer
Pancreatic cancer

Peutz–Jeghers 
syndrome [27]

SKT11 AD 32–54% Gastrointestinal malignancies
Ovary, cervix, uterus, pancreas
Sertoli cell testicular and lung cancer
Gastrointestinal polyposis

Bloom syndrome BLM AR Increased risk Epithelial carcinoma
Lymphoma, leukemia
Severe pre- and postnatal growth deficiency, sparse 
subcutaneous fat tissue, short stature, sun-sensitive, 
erythematous skin lesion of the face

Werner syndrome 
[33]

WRN AR Increased risk Sarcomas
Melanoma
Thyroid cancer
Hematologic malignancies

29 Breast Cancer Risk Assessment and Genetic Testing



370

saving them from the damage that is bound to 
happen because of DNA damage during the 
reproductive period [36].

29.2.7.3  Age at the First Birth
Apart from the number of pregnancies, the age at 
the first pregnancy becomes an important deter-
mining factor of breast cancer. This could be 
attributed to the advantage provided by the early 
onset of the final terminal duct maturation of the 
breast [37]. If a woman has the first pregnancy at 
or after 35 years of age, her risk of having breast 
cancer is 60% more as compared to women with 
the first pregnancy at 18 years of age [34].

29.2.8  Hormonal Therapy

29.2.8.1  Oral Contraceptive Pills 
(OCPs)

The association between the use of OCP and 
breast cancer is well established with an overall 
20% increased risk among women currently 
using OCP as compared to women who have 
never used [38]. Mørch et al. [39], in a recently 
published large prospective study in women 
younger than 50  years, observed a 20% higher 
risk of breast cancer among women who were 
currently using or had recently used hormonal 
contraceptives, and the risk increased with the 
duration of contraceptive used. This relative risk 
increased from 1.09 with less than 1 year of use 
to 1.38 with more than 10 years of use. Every dif-
ferent formulation of birth control pill as well as 
the intrauterine device (IUD) that releases the 
hormone levonorgestrel (a progestin) was associ-
ated with a higher risk of breast cancer.

Increased risk with the use of hormonal con-
traceptive in women at higher risk for develop-
ing breast cancer due to strong family history or 
due to the presence of BRCA1 or BRCA2 muta-
tion is controversial till date. A meta-analysis 
looking at the increased risk of breast cancer in 
such population suggested that associations 
between ever use of OCPs and breast cancer 
among women who are BRCA1 or BRCA2 muta-
tion carriers are similar to those reported for the 
general population [40].

29.2.8.2  Postmenopausal Hormone 
Therapy

Long-term estrogen replacement (more than 
5  years) post menopause has been shown to 
increase the risk of breast cancer; however, it has 
not been seen when used for short term to treat 
menopausal symptoms. On the contrary, com-
bined short-term estrogen-progestin use has 
shown increased risk [41]. Estrogen antagonists 
(selective estrogen receptor modulators) on the 
contrary have shown a protective effect on breast 
cancer incidence [42].

29.2.9  Benign Breast Disorders

Women with histological diagnosis of atypical 
ductal/lobular hyperplasia and lobular carci-
noma in situ on biopsy specimens from sus-
pected benign breast lesions have a four times 
higher risk of developing breast cancer [43]. The 
various histological types of benign breast disor-
der that are seen associated with breast cancer 
risks [44] are tabulated with their relative risks in 
Table 29.4.

The relative risks differ with the menopausal 
status [45]. It is 5.9 (95% CI, 2.9–13.2) in pre-
menopausal group with atypical hyperplasia, 
whereas in the postmenopausal age group, it is 
less 2.3 (95% CI, 0.9–5.9). The type of histology 
also affects the breast cancer risk, with lobular 
hyperplasia having a fivefold increase in cancer 
risk as compared to ductal hyperplasia (2.4-fold 
increase). Both have a higher risk when com-
pared to women with nonproliferative breast 
lesions [46].

Table 29.4 The pathological types of benign breast dis-
eases and their breast cancer risks [42]

Breast disease
Breast cancer 
risk

OR (95% 
CI)

Benign disease without 
hyperplasia

1.5-fold 1.5 
(1.3–1.9)

Hyperplasia with atypia 2.6-fold 2.6 
(1.6–4.1)

Hyperplasia without atypia 1.8-fold 1.8 
(1.1–2.5)

Fibroadenoma 1.7-fold 1.7 
(1.1–2.5)

N. Arora and S. Mehta



371

29.2.9.1  Density of the Breast
Women with higher breast density have a higher 
risk of development of breast cancer [47]. Also, 
there is difficulty in detecting cancer in dense 
breasts. Among women with more than 75% 
breast density, the risk of breast cancer is more 
than four times that of women with much less 
dense breasts [48]. The density of the breast is 
measured by the amount of radiodense areas. 
This represents the epithelial tissue and the 
stroma [49]. It correlates with epithelial prolifer-
ation and stromal fibrosis.

29.3  Modifiable Risk Factors

29.3.1  Obesity and Physical Activity

Increasing body mass index (BMI) especially at 
adult onset has been associated with an increased 
risk for breast cancer in postmenopausal women, 
while this association is not seen in premeno-
pausal women [50]. However, an increased BMI 
becomes a protective factor for young adolescent 
girls. This could be explained by the early age for 
menarche with obesity in these girls. Physical 
activity decreases the breast cancer risk in post-
menopausal women; however, it has not been 
proven for premenopausal women [51].

29.3.2  Alcohol

Intake of alcohol at any age is considered a risk 
factor for breast cancer. The risk with alcohol is 
usually dose-dependent, and it increases to 
around 7.1% for every 10 g of alcohol consumed 
each day [52]. This alcohol-related risk can be 
attributed to the effects of alcohol on folate 
metabolism which is required for the action of 
the hormones [53].

29.3.3  Smoking

There have been multiple studies on association 
of smoking with breast cancer; however, the 
results have been inconclusive. A meta-analysis 

by Gaudet et  al. that included 15 prospective 
cohort studies till 2013 on association of smok-
ing with breast cancer showed that smoking any 
time in life whether current or former increases 
the breast cancer risk [54]. In a recent study by 
Catsburg et al., it was concluded that women with 
history of smoking for more than 40 cigarettes in 
a day for over 40 years are at the highest risk of 
breast cancer [55].

The relative risk for breast cancer associated 
with various risk factors is shown in Table 29.5.

29.4  Breast Cancer Risk 
Assessment

As detailed, the breast cancer risk is based on the 
combination of the above risk factors (see 
Table  29.2). In the initial history taking, it is 
important to include the reproductive factors, 
hormone use, BMI, radiation exposure, and any 
specific family history of breast and other can-
cers, i.e., ovarian, pancreatic, colon, prostate, and 
other types of germline cancers in first-, second-, 
and third-degree relative. The biopsy reports 
should also be reviewed for the type of lesions 
diagnosed earlier.

With respect to family history, it is also impor-
tant to take into consideration the age of the 
affected family member at the time of diagnosis. 
The incidence of bilateral breast cancer in the 
affected relative is important. It can be counted as 

Table 29.5 Relative risk of known breast cancer risk 
factors

Relative risk <2 Relative risk 2–4
Relative risk 
>4

Early menarche One first-degree 
relative with 
breast cancer

Mutation 
BRCA1 or 
BRCA2

Late menopause LCIS
Nulliparity CHEK2 mutation Atypical 

hyperplasia
Hormone 
replacement 
therapy

Age >35 years for 
the first birth

Radiation 
exposure 
before 30

Alcohol use Proliferative 
breast disease

Postmenopausal 
obesity
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two affected relatives for the calculation of the 
overall risk. The number of members affected 
particularly on one side is another aspect of risk 
calculation. The frequency of unaffected mem-
bers should also be taken into account as with big 
families and few affected individuals, the chances 
of a germline predisposing gene would be less.

The family history of breast cancer is very 
important to look for the predisposing gene in the 
family since, apart from BRCA1/BRCA2 domi-
nantly inherited genes, hereditary factors are also 
important in association with sporadic cancers but 
at present are difficult to be evaluated, and more 
genome-wide studies are required in the future [56].

The factors like early age at the diagnosis of 
cancers and more than one cancer in a single 
individual in the pedigree give a clue toward the 
possibility of germline mutations in the family. 
The risk calculated varies with the age of onset 
in a family member in relation to the degree of 
relationship. For instance, if we compare with 
respect to the age group, the risk is three times if 
a first- degree relative has been affected at less 
than 40  years of age in comparison to the age 
group of greater than 65  years. Again, this 

becomes two times, if the age group is between 
40 and 50 years and is one and half times if the 
age group is 50–65 years. All these are the risks 
calculated for the first-degree family members 
affected [9].

Women who become positive with any of these 
risk factors should be further assessed by any of the 
web tools for breast cancer risk assessment like 
Gail, BRCAPRO, Breast and Ovarian Analysis of 
Disease Incidence and Carrier Estimation 
Algorithm, International Breast Cancer Intervention 
Studies, or Claus model. Figure 29.1 describes the 
breast cancer screening and mutation testing algo-
rithm in low- and high- risk women [57].

Types of risk assessment—two groups [57]:

 1. The risk of carrying a mutation in a known 
high-risk gene such as BRCA1 or BRCA2

 2. Chances of developing breast cancer over a 
given life span in the presence or absence of 
such mutation

Different online tools take into consideration 
either one of or both these aspects. However, it 
is very important to assess all known risk 

Breast cancer screening by health care provider (basic history)

Referral to family history clinics

Assessment of risk of carrying a germline mutation

Assessment of risk of having breast cancer over lifetimeMastectomy
Chemoprevention
Close monitoring

If at low risk for germline mutation testing

If high risk l

Mutations positive

Mutations negative

High risk* - Genetic mutation testing offered

*High risk is labelled as with greater than 10% risk of carrying the pathological mutation and low risk as 10% or less. 
  High risk usually defined as a 5-year risk of developing breast cancer more than 1.67%, and low risk usually
defined as a 5-year risk of developing breast cancer 1.67% or lower. Reproduced from Amir et al. [57]. 
By permission of Oxford University Press

Fig. 29.1 Breast cancer screening and mutation testing. 
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contributors to evaluate the breast cancer risks 
over a time period.

There are two types of risk assessment models 
[57]:

 1. Empirical model
 2. Genetic risk prediction model

The first type (empirical) calculates the prob-
ability of detecting BRCA mutations without any 
explicit assumption of the underlying genetic 
risks like the type of inheritance, the frequency of 
mutations, or the penetrance, whereas the genetic 
risk prediction models make these assumptions 
regarding the number of susceptible genes 
involved and the frequency of alleles in the popu-
lation along with their cancer risks.

29.4.1  Empirical Models

These are Shattuck–Eidens model (Myriad 1) 
and Couch model (UPenn or Penn). These were 
the earliest models developed even before the 
genetic testing evolved. Nowadays, these have 
been modified further with incorporation of risk 
factors including individual and family history. 
The Penn II model [58] now includes more 
comprehensive personal and family cancer his-
tories. Furthermore, the scoring systems were 
developed, and cutoffs were defined to estimate 
the risk of carrying the germline mutation. 
These were used in the family history assess-
ment tool [59] and the Manchester model [60]. 
Other examples are the Myriad II, National 
Cancer Institute, and the Australian LAMBDA 
models.

29.4.2  Genetic Risk Prediction 
Models

These can calculate the cancer risks and muta-
tion carrier probability irrespective of family 
structure and the disease type. These specifi-
cally involve the use of family pedigree to 
extract the exact family relationships, and the 
cancer risks are computed. But, their 

calculations are merely based on the estimated 
assumptions. Also, since the cancer susceptibil-
ity genes are still under evaluation, these mod-
els can give only approximate risks. The various 
models under this subgroup are BRCAPRO 
model, Yale University model, International 
Breast Cancer Intervention Study (IBIS) model, 
and the Breast and Ovarian Analysis of Disease 
Incidence and Carrier Estimation Algorithm 
(BOADICEA).

29.4.3  Limitations of Various Models

The different models consume varying time 
intervals for the risk assessment depending upon 
the scoring systems and the computerized 
calculations.

The most important risk factor is family his-
tory apart from the age. Detailed family history 
is difficult to be reproduced as it is a retrospec-
tive data. Also, emotional and ethical issues 
with respect to adoption come into play. With 
the nuclear family concept [61], the knowledge 
about distant family is scarce. Patients are also 
reluctant to discuss the illness of their family 
sometimes due to social issues. It is a mistaken 
assumption to consider only maternal family 
history in cases of breast and ovarian cancer 
[62], and it has been reported in the literature 
[63, 64] that parental medical illness is not pre-
cisely reproduced and discussed by the 
offspring.

An important limitation is the incorporation 
of history of cancers of the breast and ovary 
only with respect to first- and second-degree 
relatives in different models. This can further 
underestimate the risks calculated. So despite 
continuous improvement in various types of 
models, the data collection is limited especially 
with respect to family history. In some models 
the family history of other BRCA-associated 
cancers like pancreatic and prostate is not eval-
uated [65]. In order to improve these algo-
rithms, these models should consider including 
the population-specific risks, the prevalence of 
various genetic mutations, and/or the cancer-
specific characteristics. The latest literature 
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has improved the accuracy of risk calculation 
by addition of pathological features of the vari-
ous types of breast and ovarian cancer [66, 67].

The most commonly used models are dis-
cussed below.

29.4.3.1  Gail Model
It is the most frequently used method [68] and 
was developed by Dr. Mitchell Gail in 1989. A 
screening study (1973–1980) of 300,000 women 
aged between 35 and 74 years, as a part of the 
Breast Cancer Detection and Demonstration 
Project, was conducted to draft this online tool. 
Subsequently, it has been validated in the Nurses’ 
Health Study [69], and modification was done in 
1999 [70].

The modified model (NCI Gail model) dif-
fers from the original draft in three aspects. 
The original model considers both invasive and 
in situ cancers, whereas the modified version 
only incorporates the invasive cancers. The 
age- specific incidence rates have been gath-
ered by the Surveillance, Epidemiology, and 
End Results database rather than from the 
Breast Cancer Detection and Demonstration 
Project in the modified tool. And lastly, the 
composite incidence rates for African-
American patients have been incorporated in 
the modification.

It comprises of seven key factors: age; age at 
menarche; age at the first pregnancy; family his-
tory of breast cancer in mother, daughter, or sis-
ter; previous breast biopsy and their number; 
biopsy with atypical hyperplasia; and race/eth-
nicity. A 5-year risk of greater than or equal to 
1.67% is defined as “high risk” and is an indica-
tion to start with risk-lowering drugs.

It is not appropriate to be used in women less 
than 35 years of age, women with family history 
of breast cancer on paternal side, and in second- 
degree relative, and it also doesn’t take into 
account the history of other cancers related with 
germline mutations. Another important limitation 
of this model is that the biopsy results not with 

atypical hyperplasia are not included while cal-
culating the risk. In such situations the other 
online models can be of appropriate use. Of the 
current available evidence, this is the only tool 
that has been validated in large population-based 
databases [69, 70]; however, it has limited dis-
criminatory accuracy [71]. It can therefore not be 
used in higher-risk groups, for example, in the 
family history clinics [72].

29.4.3.2  Claus Model [11]
This has been developed using data from 
Cancer and Steroid Hormone Study, con-
ducted from 1980 to 1982  in which the 
patients enrolled from eight Surveillance, 
Epidemiology, and End Results regions. It 
uses just the family history to estimate risk as 
compared to the abovementioned Gail model 
where many other factors are also considered. 
But the advantage over the Gail model is that 
the family history is taken extensively, and 
both first- and second-degree relatives are 
taken into account. Also, their age at the onset 
of breast cancer is included. Paternal family 
history is also incorporated in the pedigree. 
The family history of only breast cancer was 
initially asked, but recent modification also 
questions about the ovarian cancer history. 
The tables were further drafted giving the 
lifetime risks of first- and second-degree rela-
tives [73].

Limitations of Claus Model
The first drawback is that only the hereditary fac-
tors are incorporated, so the individual hormonal 
and reproductive associated individual risks are 
not evaluated. The risks calculated are still based 
on the data collected from North American 
women in the 1980s. However, the current stud-
ies show that the incidence of breast cancer in the 
same population as well as in some European 
groups is higher as compared to the incidence 
rates collected for the model. Another very 
important limitation is the difference between the 
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published tables and the computerized versions 
[74]. The computerized risks are considerably 
lower than those calculated from the tables. This 
could be explained by the advantage of comput-
erized adjustments due to the included unaffected 
family members. A large unaffected population 
definitely reduces the inherent risk of inheriting a 
germline mutation. It could also be due to 
 noninclusion of population-based risks in the 
computerized model or because of the level at 
which the adjustments are done for the unaf-
fected family members.

An important thing to consider is the huge dif-
ferences in the risk calculation by the Claus and 
the NCI Gail model. This was largely seen in 
women with nulliparity, with multiple benign 
breast biopsies, or with paternal or first-degree 
family history [75, 76].

29.4.3.3  BRCAPRO Model
This online model was developed by Parmigiani 
et al. [77] at the Institute of Statistics and Decision 
Sciences, Duke University, USA.  It is used to 
predict the probability of mutation in BRCA1 
and BRCA2 genes in the individual. This model 
calculates the risk of breast cancer on the basis of 
Bayes rules of determining probability of a muta-
tion, once the family history is provided. The 
mutation frequencies in the general population 
and in the Ashkenazi Jews give an estimate of the 
probability of the mutation in the studied subject, 
before checking the family history [78–80]. It 
includes the history of first- and second-degree 
relatives.

The main feature of this model is that family 
history of both affected and unaffected relatives 
is used for the risk calculation. It was initially 
validated only for female population but at pres-
ent is used for both men and women.

Limitations: Just like the Claus model, only 
hereditary factors are taken into consideration 
without incorporating other individual risk 
factors.

29.4.3.4  Jonker Model [81]
This is a combination of features from the 
Claus and the BRCAPRO models. Family his-
tory of both breast and ovarian cancers is 
included. It is based upon the hypothesis that 
hereditary breast cancer can be due to three 
types of genes—BRCA1, BRCA2, and an 
unknown gene named as BRCAu. This can 
explain all non-BRCA germline mutation can-
cers. This also doesn’t include non-hereditary 
risk factors and thereby can underestimate the 
overall risks.

29.4.3.5  IBIS Model
This is also known as the Tyrer–Cuzick model 
[82]. The main advantage of this model is that it 
includes the family history, reproductive risk fac-
tors, and also the history of benign breast disease. 
Data has been collected from the International 
Breast Intervention Study. This model includes the 
presence of multiple genes of differing 
penetrance.

29.4.3.6  BOADICEA Model
The concept of segregation analysis has been 
used here, which explains the mutation in BRCA 
genes along with polygenic inheritance, which 
defines the combined effect of multiple small 
genes [83]. Initial design calculated only the risk 
of carrying a germline mutation [83], but the lat-
est validation also gives the risk of developing 
breast cancer over lifetime [66].

Even after extensive studies by various prob-
ability models, there is no clearly defined risk 
threshold that can be used in determining the 
appropriate use of genetic testing (American 
Society of Clinical Oncology 2003) [84]. 
However, the use of these models has somehow 
helped to discriminate which individuals are 
likely to have pathological variants of BRCA 
gene.

A comparison of various probability models is 
shown in Table 29.6.
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Table 29.6 Comparison of risk assessment models

Method
Empirical model (myriad 
prevalence tables) [58–60]

NCI Gail 
model [70] BRCAPRO [77]

BOADICEA 
[83] IBIS model [82]

Description Calculates the probability of 
detecting BRCA mutations 
without any explicit assumption 
of the underlying genetic risks
Uses only history (both self and 
family) documented in the forms

Statistical 
model, 
absolute risk is 
calculated for 
the next 
5 years and 
over lifetime

Statistical 
model, 
assumption 
based on 
autosomal 
dominant 
inheritance of 
BRCA1/2

Statistical 
model, 
assumption 
based on 
polygenic risk

Statistical 
model, 
assumption 
based on 
autosomal 
dominant 
inheritance of 
BRCA1/2

Tested individual (proband) may 
be affected or unaffected by 
breast or ovarian cancer

Tested 
individual is 
unaffected by 
breast cancer

Tested 
individual may 
be affected or 
unaffected by 
breast or 
ovarian cancer

Tested 
individual 
may be 
affected or 
unaffected by 
breast or 
ovarian cancer

Tested 
individual 
should be 
unaffected by 
breast or 
ovarian cancer

Age at time of onset of breast 
cancer is taken as greater or less 
than 50 years

Exact age at the 
time of onset of 
breast cancer is 
incorporated

Exact age at 
the time of 
onset of breast 
cancer is 
incorporated

Family history significant only if 
≥1 relative with breast cancer at 
age ≥50 years

Only first- 
degree relatives 
with breast 
cancer are 
considered

Includes all 
first- and 
second-degree 
family members 
with or without 
cancer

Includes all 
first- and 
second-degree 
family 
members with 
or without 
cancer

Age, 
reproductive 
history, and 
previous 
history of 
breast disease 
also considered

Reproductive 
history, BMI, 
and history of 
benign breast 
disease also 
considered

Includes Ashkenazi Jewish 
ancestry

Includes 
Ashkenazi 
Jewish ancestry

Includes 
Ashkenazi 
Jewish 
ancestry

Limitations Simplified and easy to use Requires 
computer 
software and 
time-consuming 
data entry

Requires 
computer 
software and 
time- 
consuming 
data entry

Requires 
computer 
software and 
time-consuming 
data entry

Early age of breast cancer onset Limited 
discriminatory 
accuracy, 
cannot be used 
in higher-risk 
groups

Risk factors 
other than the 
family history 
are not 
evaluated

Risk factors 
other than the 
family history 
are not 
evaluated
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29.5  Genetic Mutation Analysis

The various genes associated with breast cancer 
risk have been tabulated in Table 29.3 along with 
their mode of inheritance.

According to US Preventive Services Task 
Force [85] and NICE guidelines [86], women 
who have the following risk factors are further 
offered BRCA testing.

• More than one first-degree relative affected 
with breast cancer and one of them affected 
≤50 years of age

• Greater than three first-degree relatives affected 
irrespective of their age of presentation

• Combination of both ovarian cancer and breast 
cancer in first- and second-degree relative

• Cancer affecting both breasts in any first- 
degree relative

• Greater than two first- or second-degree rela-
tives with ovarian cancer irrespective of the 
age at presentation

• Breast cancer and ovarian cancer at any age in 
a first- or second-degree relative

• Any male relative affected with breast cancer
• Women with Ashkenazi Jewish heritage with 

first-degree relative (or two second-degree 
relatives) with breast/ovarian cancer

It is important to know that even after muta-
tion analysis for BRCA genes in women with sig-
nificant family history of breast cancer, results 
can come as negative. These are termed as a 
“wild type.” Of these wild-type cases, around 
12% can still have a large genomic deletion or 
duplication in one of these genes, and approxi-
mately 5% are likely to have a mutation in the 
rest of the breast cancer-predisposing genes [87].

According to the National Comprehensive 
Cancer Network (NCCN) Clinical Practice 
Guidelines in Oncology [88], there are some added 
scenarios in which genetic testing for Hereditary 
Breast and Ovarian Cancer can be offered.

• Triple-negative breast cancer, especially when 
diagnosed before age 60 years

• Individuals with pancreatic cancer and/or 
prostate cancer (Gleason score ≥7) along with 

breast cancer and/or ovarian cancer (any of 
these combinations)

29.5.1  Diagnosis

Molecular genetic testing is used to identify het-
erozygous germline pathogenic variants in 
BRCA1 or BRCA2 [89].

 1. Targeted analysis. It is used for founder germ-
line pathogenic variants—BRCA1 
c.68_69delAG (BIC: 185delAG), BRCA1 
c.5266dupC (BIC: 5382insC), and BRCA2 
c.5946delT (BIC: 6174delT).

 2. BRCA1 and BRCA2 gene panel. Both 
sequence analyses along with deletion/dupli-
cation analysis of BRCA1 and BRCA2 are 
done.

 3. Multigene panel. This includes testing for 
other genes of interest along with BRCA1 and 
BRCA2. It is very important to understand 
what kind of testing should be preferred in dif-
ferent individuals.

For example, in individuals with Ashkenazi 
Jewish descent, the targeted analysis can be per-
formed as there is a high population frequency of 
the three founder pathogenic variants. Also, coex-
istence of more than one of these three variants has 
been reported in few families. On the other hand, 
if there is a knowledge of BRCA1 or BRCA2 
pathogenic variant on one side of the family along 
with the typical features of HBOC on the other 
side, sequence and deletion/duplication analysis of 
BRCA1 and BRCA2 can be performed.

The clinicians should also be aware of the 
various genes available in the multigene panel 
along with their sensitivities as this may vary 
from lab to lab and over time. All these options 
should be weighed according to the affording 
cost of the individual.

29.5.2  Interpretation of Results

Once an individual has been identified as positive 
for germline pathogenic variant in BRCA1 or 
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BRCA2, proper counselling of available options 
of surveillance and prevention should be 
discussed.

The prevention strategies are prophylactic 
bilateral mastectomy, prophylactic bilateral 
oophorectomy, and chemoprevention.

29.5.3  Surveillance [88, 89]

In women:

• Self-examination of the breast every month.
• Annual or 6-monthly clinical breast examina-

tion starting at 25 years of age.
• Breast MRI yearly to be initiated at 25 years. 

It can be advised early if the onset of cancer in 
the family is at age less than 30 years.

• Yearly mammography starting at 30 years of 
age.

• Transvaginal sonography and serum CA 125 
evaluation yearly ≥35 years.

This is important if a woman has not opted for 
prophylactic mastectomy/oophorectomy.

In men:

• Self-breast examination of the breast every 
month after training starting at 35 years of age

• Yearly clinical breast examination at age 35.
• Annual screening for prostate cancer starting 

at age 45.

The prevention and treatment strategies are 
beyond the scope of this chapter.

29.6  Genetic Counselling 
for Breast Cancer Risk 
Assessment [90]

Genetic counselling is the process in which the 
individuals and families are provided information 
relevant to the nature, inheritance, and implica-
tions of genetic disorders in order to help them 
take medical and personal decisions.

As described in the beginning, the inheri-
tance of most of the breast cancer predisposing 

genes is autosomal dominant. This implies that 
offspring of an individual identified as having a 
pathogenic gene variant have a 50% chance of 
inheriting the same and the risk that the sibling 
of an index case will inherit the same variant is 
50%.

Though most of the individuals with patho-
genic variants in BRCA1 or BRCA2 have got it 
from either of the parents, but due to incomplete 
penetrance, gender of the parent, varying age of 
onset of cancer, prophylactic surgeries, and early 
death, all individuals with such pathological vari-
ants may not have a parent with the diagnosis of 
cancer.

Once an individual is tested positive for 
BRCA1/BRCA2 pathogenic variants, both par-
ents should be offered molecular testing so as 
to identify the side of the family is at risk. In 
most of the cases, the pedigree analysis repre-
senting the cancers in the family of the proband 
gives us the information as to which parent is 
tested first.

Rarely, when neither of the parents come as 
positive for any of these variants, it can be of a de 
novo origin; it has been reported as less than 5% 
only [91–93]. Also, before attributing the nega-
tive testing of both parents to de novo origin, 
alternate paternity or maternity and adoption 
should be ruled out. Due to the rapid advance-
ment in prenatal and preconception counselling, 
many young couples may come up to clinicians 
for genetic counselling regarding breast cancer 
issues. The best time to offer such counselling is 
before planning of pregnancy.

It is definitely important to discuss potential 
risks to the offspring and provide the available 
reproductive options to the affected couples or 
who are found to be at risk as part of the same 
pedigree. The position of the particular indi-
vidual in that pedigree will help the geneticist 
to identify the risks and offer further 
counselling.

Prenatal testing can be discussed, but ethical 
and legal issues vary with the country of origin as 
it would lead to the termination of pregnancy 
rather than the need for early testing of the off-
spring. Still, these issues should be discussed 
specially in the current scenario.
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29.6.1  Genetic Evaluation of Younger 
Age Group

According to the available recommendations by 
the American College of Medical Genetics and 
the American Society of Human Genetics, it is 
not advisable to offer genetic testing at less than 
18 years of age. Genetic testing for HBOC is not 
recommended for at-risk individuals younger 
than age 18  years. However, it can be done if 
required for medical management in certain 
cases. Since the management of such inherited 
cancers begins at 25 years of age, one should ide-
ally wait for an individual to be capable of mak-
ing independent decisions.

29.6.2  Pros and Cons of Genetic 
Testing for Inherited Breast 
Cancers

 1. The proband once identified as a carrier for 
the pathogenic germline variant gets an advan-
tage of early detection by screening at a 
younger age and can opt for the preventive 
strategies for cancer reduction.

 2. Those that have been identified as negative for 
these mutations along with their offspring 
have the benefit of cost reduction over various 
expensive screening strategies. This also 
decreases the level of anxiety and stress for 
the development of breast cancer.

 3. The decision of genetic testing by one mem-
ber in the family and the final results can have 
implications to the rest of the family [94].

Genetic testing is also performed once diag-
nosis of cancer is made in the patient for the sur-
veillance post therapy and to calculate the 
probability of other organs being affected in the 
lifetime. And here, it is a very mixed psychologi-
cal feeling when one receives inconclusive results 
despite significant family history. This could 
imply that even if they are negative for the known 
mutant genes, they have no assurance that they 
are not at any risk for hereditary cancers in self or 
the offspring. In such cases, further testing the 

patient and the family becomes important, and 
there is a possibility of genes other than the 
known BRCA1 and BRCA2 variants to be 
involved.

Key Points
• Breast cancer contributes to 30% of all new 

cancers identified in women.
• Risk assessment is based on the interplay of 

multiple risk factors.
• Clinicians and health workers should evaluate 

the risk factors and distinguish between the 
average-risk and high-risk population by the 
available and most appropriate models for risk 
assessment.

• Family history must be taken in detail, and 
referral can be made to family history clinics.

• If there is high risk based on the family history, 
genetic mutation testing should be offered.

• An appropriate gene panel should be offered 
for the genetic testing keeping in mind the 
affordability.

• Once declared as positive on mutation testing, 
adequate counselling by the genetic counsel-
lor should be offered.
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Preinvasive Breast Lesions: 
Detection and Management

Sumit Goyal and Niti Raizada

30.1  Introduction 
and Epidemiology

Breast cancer is the commonest and the lead 
cause of cancer deaths worldwide, which 
accounts for 23% of total cancer load and 14% 
of cancer-related mortalities [1] with a life-
time risk of breast cancer in women ebbing as 
high as 1  in 8. Women 65 and above account 
for 40% of cases with a fatality rate of almost 
60%. The estimated risk <49 years is 1 in 43 at 
50–59, 1 in 23 at 60–69, and 1 in 15 at the age 
>70 years [2].

The age-adjusted incidence rate among 
Indian female is 25.8 per lac with a mortality 
rate of 12.7 per lac, becoming the number one 
cancer. Since 1982 till 2014, a statistically sig-
nificant increase in age-adjusted rates of breast 
cancer incidence was noted from all major cit-
ies. Delhi ranked the highest with 41 per lac 
followed by Chennai with 37.9, Bangalore with 
34.4, and Thiruvananthapuram district with 33.7 
when age- adjusted incidence rates were com-
pared [3].

30.2  Preinvasive Stages of Breast 
Cancer

Preinvasive epithelial lesions of the breast are 
defined as neoplastic proliferation of epithe-
lial cells confined to the ductal lobular network 
without invasion of the basement membrane 
and surrounding stroma. According to SEER 
(Surveillance, Epidemiology, and End Results 
Program) statistics, in situ breast cancer ranks 
fourth after invasive breast, lung, and colorectal 
cancer with an estimated 63,410 new cases being 
diagnosed only in 2017 [4].

30.2.1  Histopathological Review

The architecture of the breast is formed of pro-
gressively branching ducts originating at the 
nipple and ending in the terminal ductal lobular 
units (TDLUs). A TDLU, the smallest function-
ing unit of the breast, has a specialized stroma 
with single terminal duct and multiple end acini. 
Both the systems are two cell layered. The inner 
epithelial layer with a terminal ductile was being 
lined with columnar and acini by cuboidal cell. 
The outer myoepithelial layer abuts the basement 
membrane [5].

Wellings and Jensen and Wellings et  al. 
challenged the concept that the different histo-
logical verities arose from distinct microana-
tomical structures within the breast tissue. They 
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 demonstrated that in situ lesions as well as inva-
sive counterparts despite differing histology orig-
inate from the TDLU [6, 7].

The terms ductal or lobular cancer are based 
on their discrete architectural patterns, cytologi-
cal features, and immunohistochemical features.

The preinvasive lesions of the lobular type 
include [8]:

• Atypical lobular hyperplasia (ALH).
• Lobular carcinoma in situ (LCIS).

The extent of proliferation and distension of 
the acini within the TDLU differentiate ALH and 
LCIS.

LCIS is subdivided into pleomorphic and 
the classical type. The pleomorphic variety has 
loosely cohesive cell variable in size and shape, 
whereas the cells in the classical type are small, 
uniform, and non-polarized.

The preinvasive stages of the ductal type are [8]:

• Flat epithelial atypia (FEA).
• Atypical ductal hyperplasia (ADH).
• Ductal carcinoma in situ (DCIS) (Table 30.1).

30.2.2  Natural History

In the prescreening era, DCIS presented mainly 
as a palpable mass with mastectomy being the 
mainstay of treatment; thus, by default the natu-

ral history is poorly understood. In a 30-year fol-
low-up study by Sanders et al., of the 28 women 
treated for low-grade DCIS with biopsy, 11 
developed IVC in the same breast and quadrant 
(7 within 10 years, 1 after 12 years, and 3 over 
a period of 23–42 years). Five of these 11 devel-
oped distant metastasis [9].

Similar results were reported by Page and col-
leagues who reviewed 11,760 biopsies and identified 
28 women of DCIS. They reported that 28% women 
treated with biopsy alone will develop invasive can-
cer in approximately 15 years of follow-up [10].

King et  al. reviewed the risk factors asso-
ciated with LCIS over a period of 29  years in 
1060 women. The median age was 50  years 
(27–83  years) with an annual incidence of 2% 
for breast cancer with no dominant histological 
subtype in women of LCIS cohort. Age and fam-
ily history were not associated with an increased 
risk. Chemoprevention was the only factor asso-
ciated with a significant decrease (7% vs. 21%, 
p < 0.001) (Figs. 30.1 and 30.2).

30.2.2.1  Molecular Classification
In an effort to identify diagnostic, prognostic, and 
predictive classifications, in an aid to decision- 
making, a plethora of research on genome-wide 
expression profiling studies have been done. A 
molecular classification scheme by which breast 
cancers can be categorized into different variet-
ies was given by Perou et al. [11]. Four distinct 
intrinsic categories were identified that include (a) 
two subtypes of estrogen receptor (ER)-negative 
tumors, the basal-like and the ERBB2, and (b) 
two ER-positive tumors, the luminal A and the 
luminal B subtypes. A lack of expression of ER, 
progesterone receptor (PR), and human epider-
mal growth factor receptor 2 (HER2) and expres-
sion of cytokeratins 5/6 (basal cytokeratins) and 
epidermal growth factor receptor (EGFR) is seen 
in basal-like, whereas the ERBB2 tumors are 
characterized by the expression of HER2 but not 
ER and PR. Luminal A tumors show ER and PR 
expression with no HER2 overexpression, but 
luminal B tumors express ER and overexpress 
HER2 with or without PR  expression. These four 
specific molecular subtypes have been found to 
have distinct clinical outcomes [12, 13].

Table 30.1 Histology of preinvasive lesions of the breast

Type Differentiation
FEA Minimal proliferation of TDLU, one 

to several layers of cuboidal or 
columnar epithelial cells, low-grade 
cytological atypia

ADH Differ from FEA in pseudostratified 
manner with secondary architectural 
atypia in the form of micropapillae

Low-grade 
DCIS

Small, cohesive, polarized, uniform 
cells of low proliferative capacity

Intermediate- 
grade DCIS

Small- to medium-sized, polarized 
cells with moderate nuclear 
pleomorphism and low proliferative 
capacity with or without necrosis

High-grade 
DCIS

Large, pleomorphic cells of high 
proliferative capacity with necrosis
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Fan et  al. in their study used five gene 
expression- based models to look for concor-
dance in their outcome predictors for individual 
samples. They found that four of the tested five 
models showed significant concordance that was 
probably due to the common biological pheno-

type. All the four signatures were equally useful 
in distributing patients to either the low- or the 
high-risk groups. Cell proliferation was the com-
mon biological principal and is the main force 
which drives the prognostic power of these bio-
markers [14].
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Terminal Duct Lobular Unit (TDLU)Fig. 30.1 Anatomy of 
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Fig. 30.2 Molecular classification of breast cancers
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30.2.3  Models of Progression

Two well-recognized linear models of breast can-
cer progression have been the result of enormous 
epidemiological and histopathological observa-
tions (Figs. 30.3 and 30.4).

Transition from normal epithelial cells via 
hyperplasia and atypical hyperplasia (Fig. 30.3) 
to ductal carcinoma in situ (DCIS) is the classical 
way of breast cancer development and has been 
corroborated by mouse mammary tumor models 
and by epidemiological studies, which revealed 
that increased rate of proliferation and atypia in 
breast biopsies.

The intraductal proliferation that can be asso-
ciated with invasive breast cancer is CIS. CIS can 
be further divided into LCIS and DCIS, and DCIS 
in turn can be further subclassified based on cyto-
nuclear characteristics and growth pattern and the 
absence or presence of necrosis. A hypothetical 
model of cancer progression was described by 
Page et al. In this model, UDH replaced FEA as a 
direct precursor to ADH. Though epidemiologi-
cal studies supported the role of UDH, as women 
whose benign breast biopsies showed UDH had 
a slight increased risk of malignancy to the tune 
of 1.5–2.0 times the general population. But the 
recent evidence suggests that the alternate model 
is invalid and UDH is precursor to ADH [15–18].

30.2.4  Gene Expression Profiles 
of Breast Cancer Progression

Linear model of breast cancer progression was 
though to provide an earlier insight into the diag-

nosis and treatment of breast cancer. But DCIS 
and IDC are heterogeneous with respect to mitotic 
activity and cellular differentiation both intra- 
and intertumor. Thus, several tumor- grading sys-
tems were evolved which are used clinically to 
subtype DCIS and IDC into three tumor grades I, 
II, and III corresponding to well, moderately, and 
poorly differentiated breast tumors, respectively. 
Tumor grading has been a valuable prognostic 
marker for fairly poor clinical outcome that is 
associated with poorly differentiated, high-grade 
DCIS or IDC lesions.

To identify the heterogeneity between DCIS 
and IDC, laser capture microdissection (LCM) 
and DNA microarray technologies to perform 
cellular-based gene expression profile analyses 
were used. LCM was highly accurate in procur-
ing the specific cells which form the different 
stages of progression avoiding contamination 
with surrounding stromal and inflammatory cells 
[19] (Fig. 30.5).

It was suggested that the transcriptional pro-
gram which drives cancer cells to an advanced 
tumor grade may also confer invasiveness. 
Ribonucleotide Reductase Regulatory subunit 
(RRM2) is a gene which has been identified and 
correlates well with both advanced tumor grade 
and stage. RRM2 is the rate-limiting step in 
DNA synthesis which facilitates conversion of 
ribonucleotides to deoxyribonucleotides; thus, 
increased expression may support the rapid cell 
division characteristic of high-grade tumors. 
RRM2 acts as ion conjunction with a wide 
variety of oncogenes like H-Ras, Rac-1, v-fms, 
v-Src, A-raf, v-fes, and c-Myc, thus promoting 
metastatic potential [19].

Normal FEA ADH DCIS IDC Metastasis

Pre-Invasive Stages Malignant Stages

“Classic” (Wellings) Model of ProgressionFig. 30.3 Concepts for 
progression from 
pre-invasive to invasive 
cancer

Normal FEA ADHUDH DCIS IDC Metastasis

Pre-Invasive Stages Malignant Stages

“Alternative” Model of ProgressionFig. 30.4 Concepts for 
progression from 
pre-invasive to invasive 
cancer
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30.2.4.1  Genomic Analysis 
of Preinvasive Stages 
of Ductal Breast Cancer

Buerger et  al. on a comparative genomic 
hybridization (CGH)-based analysis of DCIS 
and invasive carcinoma showed that losses of 
16q were limited to low- and intermediate-
grade DCIS, whereas 1q main and 11q loss 
were majorly associated with intermediate-
grade DCIS. High- grade DCIS was associated 
with complex genomic alterations like loss of 
8p, 11q, 13q, and 14q; gain of 1q, 5p, 8q, and 
17q; and high-level amplifications of 17q12 and 
11q13 [20].

O’Connell and colleagues analyzed the loss of 
heterozygosity (LOH) in 399 preinvasive breast 
lesions. 42% and 44% of ADH lesions were 
found to have LOH in at least 1 of 15 loci studied. 
16q was identified as an LOH hot spot in ADH 
and was found to be more associated with low- 
grade DCIS than high-grade DCIS [21].

30.2.4.2  Genetic Alterations 
in Preinvasive Lesions

Ductal carcinoma in situ: A number of methods 
to characterize preinvasive breast lesions have 
been used like immunohistochemistry, fluores-
cent in situ hybridization (FISH), analysis of loss 
of heterozygosity (LOH), comparative genomic 
hybridization (CGH), and, more recently, cDNA 
microarrays and proteomic analysis.

Alterations detected on CGH analysis of 
DCIS are gain in 1q, 5p, 6q, 8q, 17q, 19q, 20p, 
20q, and Xq and loss of 2q, 5q, 6q, 8p, 9p, 11q, 
13q, 14q, 16q, 17p, and 22q which are similar to 
in invasive carcinoma, thus confirming that DCIS 
is a precursor lesion.

Alterations at 16q occur majorly in low-grade 
DCIS than in high-grade DCIS where alterations 
in 13q, 17q, and 20q are more frequent, thus sup-
porting the idea that low-grade and high-grade 
lesions develop through distinct pathways rather 
than by dedifferentiation [19].
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O’Connell and colleagues reported that 50% 
of the proliferative and 80% of the DCIS lesions 
shared LOH patterns with invasive carcinoma 
[21]. Stratton and colleagues [13] using a limited 
set of microsatellite markers on chromosomes 
7q, 16q, 17p, and 17q found a similarity of LOH 
in subsets of pure DCIS only and DCIS associ-
ated with invasive carcinoma [22].

c-erbB2 (Her-2/neu) protein is identified in as 
high as 60–80% of DCIS though is uncommon in 
the low-grade forms. Allred et al. noted that the 
expression of this oncogene is higher in invasive 
carcinoma associated with DCIS than those with-
out. Though very rarely overexpressed in classic 
lobular carcinoma in situ (LCIS), overexpression 
has been occasionally seen with pleomorphic 
lobular carcinoma in situ variety. No evidence 
of overexpression in benign proliferative breast 
diseases or atypical ductal hyperplasia (ADH) is 
seen [23].

Lobular carcinoma in situ: LCIS is an uncom-
mon lesion with a distinctive appearance formed 
of discohesive cells with small, monomorphic, 
hyperchromatic nuclei, though a pleomorphic 
variant is also known. However, studies have 
shown that the biological behavior and clinical 
implications of LCIS are very different from 
those of DCIS.

Usually diagnosed aged between 40 and 
50  years, approximately one-fifth of the cases 
often progress to invasive cancer over a period 
of 20 to 25 year. Although invasive ductal carci-
nomas, especially of tubular type, do occur after 
LCIS, majority cases associated with LCIS are 
infiltrating lobular carcinoma, though tubular 
type cancers can also occur after LCIS. The risk 
is equal for the two breasts, but literature sug-
gests that the risk is more for ipsilateral breast. 
Despite these thorny dilemmas, LCIS is con-
sidered a “marker of increased risk” than a true 
precursor.

CGH analysis done on LCIS and ALH dem-
onstrated chromosomal imbalance with loss of 
16p, 16q, 17p, and 22q and gain at 6q at simi-
larly between LCIS and ALH. Losses at 1q, 16q, 
and 17p are seen in invasive lobular carcinomas. 
LOH data in LCIS are limited but show a similar-
ity between LCIS and ILC [24].

E-cadherin is a tumor suppressor protein coded 
by a gene on 16q22.1 through the β-catenin/Wnt 
pathway which helps in cell-to-cell adhesion and 
in cell cycle regulation. Positive staining on IHC 
is shown by most invasive ductal cancers though 
majority of the invasive lobular carcinomas are 
negative. E-cadherin truncating mutations with 
loss of the wild-type allele (LOH at 16q) are seen 
both in LCIS and invasive lobular carcinomas 
[25], though truncating mutations in invasive 
ductal carcinomas of NST or medullary carcino-
mas in congruence with Roylance and colleagues 
[19] have not been seen.

Atypical ductal hyperplasia: Lakhani et  al. 
[26] demonstrated that LOH identified at loci 
on 16q and 17p in invasive carcinoma and DCIS 
is also similarly present in ADH in congruence 
with Amari and colleague [27]. O’Connell and 
colleagues in 51 cases of ADH at 15 polymor-
phic loci noted LOH in 42% of the cases, demon-
strating that morphological overlaps are reflected 
at the molecular level and raise questions about 
the validity of separating ADH from DCIS. CGH 
analysis of nine cases of ADH showed chromo-
somal abnormalities in five. Due to the similar 
morphology between low-grade DCIS and ADH, 
the loss of 16q and 17p is the most frequent 
change found in ADH [16, 17].

30.3  Diagnostic Techniques 
of Preinvasive Breast Cancer

Diagnostic modalities of choice for any suspi-
cious breast mass are a combination of clinical 
examination, imaging, and biopsy. Clinical exam-
ination to assess palpable abnormalities should 
include axillary and lymph node assessment.

30.3.1  Imaging

30.3.1.1  Mammography
The initial years of screening mammography 
saw a whooping 75% rise in the incidence of 
DCIS.  Presently, DCIS are diagnosed by the 
presence of microcalcifications on mammogram 
with a sensitivity of 86% [28].
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Microcalcifications seen in DCIS are due to 
cellular necrosis. With limited accuracy some of 
the calcification patterns can suggest architectural 
type of DCIS. Fine, linear, and branching calci-
fications also referred to as casting calcification 
could suggest calcification of comedocarcinoma. 
However, mammography can underestimate the 
size of DCIS lesions because of its inability to 
detect non-calcified lesions.

Choi and his group retrospectively analyzed 
imaging findings of nine cases pathologically diag-
nosed as pure LCIS according to the BI-RADS 
lexicon. The most common ultrasound findings 
suggestive of LCIS were irregular shape in five, 
ill-defined margins in eight, hypoechogenicity in 
seven, and microcalcifications in two. All cases 
had elongated or round shape parallel to the skin. 
The BI-RADS was category 3 in one, category 4A 
in two, and category 4B in six cases [28].

30.3.1.2  Ultrasonography
Ultrasound detects almost 85% of pure DCIS 
with 15% seen on ultrasound being not local-
ized on a mammogram. DCIS without calcifica-
tions are architecturally distorted, isoechoic to 
hypoechoic heterogenous multilobulated with a 
ductal extension. In contrast DCIS with micro-
calcifications on mammography usually appear 
as non-mass hypoechoic abnormalities [29].

30.3.1.3  MRI
Morphologic patterns of malignancy on MRI are 
irregular, spiculated, or microlobulated borders, 
early rim enhancement, and peripheral washout. A 
more variable pattern on MRI is seen for pure DCIS 
in comparison to invasive carcinoma. The common-
est presentation on MRI is a non-mass enhance-
ment and may or may not have a clumped or linear 
pattern that follows a ductal distribution [30].

A recent meta-analysis on the diagnostic 
accuracy of MRI reported a sensitivity of 90% 
and a specificity of 72% for diagnosis of malig-
nant breast lesions [31].

In LCIS, NCCN guidelines recommend con-
sidering breast MRI screening [32]. A study of 
enhanced screening with MRI in patients with 
LCIS showed that 4% of patients had cancer on 
MRI with a negative mammogram.

30.3.2  Biopsy

Core needle biopsy and fine needle aspiration 
(FNA) have outdone the need for open biopsy/fro-
zen section to diagnose breast cancer, though not 
without diagnostic dilemmas to the pathologist.

30.3.2.1  Fine Needle Aspiration (FNA)
FNA was initially introduced to replace inci-
sional biopsy for the diagnosis of breast lesions 
and presently is a part of the triple regimen to 
diagnose breast cancer. The superficial nature of 
breast lesions makes FNA highly sensitive and 
specific for diagnosis but still has a number of 
limitations. Unquestionable advantages are the 
simple technique, low cost and risk of complica-
tions, minimally invasive, and a ready availability 
in most setups [33].

In cystic lesions of the breast, FNA can be 
both diagnostic and therapeutic with an incidence 
of cancer being 2% in these. The problems asso-
ciated with cystic lesions are collapse of the cyst, 
stripping of the epithelium, and acellular fluid. 
A variety of cells seen are foam cells, inflamma-
tory cells, benign epithelium, and apocrine cells. 
If cytological atypia is detected, it should raise a 
suspicion. FNA for solid lesion can be important 
for prompt diagnosis.

FNA has technical, intrinsic limitations 
and limitation with the type of lesion. False 
negative may be due to improper technique, 
 contamination with blood, thick and nonuniform 
smear, improper training, small mobile fibrous 
lesions, and dense fibrotic stroma.

Role of cytology in the evaluation of prog-
nostic markers. Aspirate can be used to evalu-
ate the expression of receptors like ER and PR, 
E-cadherin, and p53. Cytocentrifuged mate-
rial is better for the same [34]. The expression 
of HER-2 by FISH and immunocytochemistry 
using aspiration material has been reported [35].

30.3.2.2  Core Needle Biopsy
The role of core needle biopsy has been widely 
accepted with the advent of smaller gauge nee-
dles used under stereotactic guidance; compli-
cations of trauma, pain, the use of anesthetic 
agents, and tumor implantation in the biopsy 
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tract have decreased. Accurate subcategorization 
of the pathology, study of hormone receptors, 
and other prognostic markers has become pos-
sible. The false-positive rate is very low (0.2–
0.3%) and is minimally higher for nonpalpable 
lesions [36].

Fibroadenoma and phyllodes tumor pose a 
difficulty on core biopsy. Stromal cellularity, 
vesicular nuclei of stromal cells, mitotic figures, 
and epithelial hyperplasia should raise a suspi-
cion of phyllodes tumor. Thus, excisional biopsy 
is recommended for difficult cases [37].

Loose papillary fragments can cause difficulty 
and distortion of papillary architecture and in turn 
cause stromal invasion. Irfan and coworkers [38] 
demonstrated that 14.3% of the papillary lesions 
on stereo core biopsy showed cancer on further 
excision. Thus, papillary lesions should undergo 
complete excision regardless of cytological and 
architectural atypia.

Due to the limited amount of material obtained 
on core biopsy, the distinction between low-grade 
DCIS and ADH is usually difficult. Bonnett et al. 
reported that severe atypical hyperplasia on core 
biopsy is associated with a high probability of 
DCIS on further follow-up excision; thus, com-
plete excision should be done [39].

30.3.2.3  Ductal Lavage
The recently developed less invasive techniques 
like ductal lavage, ductoscopy, and nipple dis-
charge on examination are more attractive for 
patients and physicians. Ductal lavage, with or 
without ductoscopy, is less invasive and techni-
cally not complicated. With cost being compara-
ble to FNA and results are obtained more quickly. 
Domchek et al. [40] showed that a large yield of 
breast epithelial cells can be collected by ductal 
lavage, though the reliability is limited. The main 
factors responsible are varied and degenerated 
cellularity of the sample, thus limiting the speci-
ficity as these cells can be mistakenly diagnosed 
as malignant. Lower sensitivity may be due to 
lower cell output, but still lavage is potentially a 
more sensitive method than nipple aspiration in 
detecting cellular atypia.

30.3.3  Immunohistochemistry 
of Ductal or Lobular 
Carcinomas

Hematoxylin-eosin stain can distinguish between 
invasive and in situ ductal and lobular carcino-
mas, though categorization may require IHC and 
E-cadherin with E-cadherin being expressed in 
ductal and not lobular carcinomas.

High molecular weight CK (clone 34βE12) 
is usually expressed by lobular carcinomas, and 
usually low or absent levels are seen in most 
cases of DCIS. Also, CK8 staining in peripheral 
cytoplasm is seen in ductal carcinoma, while 
perinuclear staining is a characteristic of lobular 
carcinoma [41].

30.4  Recent Trends in Treatment

30.4.1  Mastectomy

In DCIS, survival rates with mastectomy are 
excellent. But these excellent survival rates lead 
to more conservative approach. Still mastectomy 
holds a place in the management of DCIS when 
either lesion is too extensive, high grade, patient 
is not eligible for radiation therapy, pregnant 
women or with previous history of radiation on 
chest.

In LCIS generally mastectomy is not required 
unless pleomorphic LCIS is found on biopsy.

30.4.2  Breast-Conserving Therapy 
(BCT)

BCT is the main treatment modality by which 
75% of DCIS lesions are treated. DCIS lesions 
detected by mammography should be local-
ized with wire or radioactive seed prior to exci-
sion under imaging guidance. Wire localization 
involves two wires which crosses the sire of 
lesion under stereotactic guidance or ultrasound. 
Radioactive seed localization involves a percu-
taneous placement of a radioactive seed at the 
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site of the lesion under stereotactic or ultrasound 
guidance with the benefit of flexibility in sched-
uling the surgery as seed placement can be done 
several days to weeks in advance.

Bruno et  al. retrospectively analyzed 200 
cases of pure LCIS in seven centers from 1990 to 
2008. Median age was 52 years. Of 200 women, 
176 had breast-conserving surgery (BCS) and 
24 mastectomy. Of the BCS group, 17 received 
whole breast irradiation (WBRT) and 20 hor-
monal treatments. During the 144-month fol-
low- up, no local recurrences (LR) were noted 
among 24 mastectomized women. But, three 
late recurrences occurred in women treated by 
BCS and WBRT.  Among 159 women treated 
with BCS alone, 13% developed LR with only a 
72-month FU. No specific LR risk factors were 
identified [42].

Surgical margins: The width of margin for 
breast-conserving surgery is debatable. There is 
a general agreement that less than 1 mm is not 
ideal. However, the ideal margin width is less 
clear. Most surgeons prefer to achieve a 2  mm 
radial margin. It is notable that the margin width 
is considered more with DCIS than with invasive 
breast cancer. This is related to the growth pattern 
in a linear and branching pattern compared to an 
expanding invasive cancer mass.

In general, with resection margins greater 
than 10 mm, there is a low recurrence rate, but 
the absolute benefit of radiation is low. However, 
considerations of other factors such as young 
age, high tumor grade, and large tumors give 
more impetus for radiation despite wide margins. 
Cases with margins under 1 mm derive the great-
est benefit from radiation.

A recent analysis suggests that patients with 
Van Nuys scores of 4–6 or 7 with a margin width 
above 3 mm can be treated with excision alone 
and achieve local recurrence rates of below 6%. 
The addition of radiation achieves acceptable 
rates of local control (<20% local recurrence at 
12 years) for those with score 7 and have mar-
gins under 3 mm, for patients who score 8 and 
have margins equal to 3 mm, and for patients who 
score 9 and have margins equal to 5 mm [43].

A meta-analysis of 4660 patients treated with 
lumpectomy and radiation showed that nega-
tive margins were associated with substantially 
lower risk of local recurrences compared to posi-
tive margins. A margin of 2 mm was superior for 
local control compared to less than 2 mm, with 
a relative reduction of local recurrence of 47%. 
There was no additional advantage for margins 
greater than 5 mm [44].

30.4.3  Sentinel Lymph Node Biopsy 
(SLNB)

A sentinel lymph node (SLN) is the first lymph 
node to which cancer cells drain. A SLNB is a pro-
cedure in which the SLN is identified, removed, 
and examined to determine whether cancer cells 
are present or not. A positive SLNB indicates that 
cancer is present in the sentinel lymph node and 
the decision whether to do regional lymphad-
enectomy has to be taken.

In women with invasive breast carcinoma, 
SLNB can help avoid the potential morbidity of 
an axillary dissection. DCIS being considered 
as preinvasive axillary staging is unnecessary, 
except for women undergoing mastectomy and 
those with lesions in the upper outer quadrant of 
the breast command axillary dissection. In both 
scenarios, the extent of primary procedure com-
promises SLNB if invasive disease is discovered 
on the final pathology. Whether SLNB at the time 
of DCIS treatment be considered in other clinical 
scenarios is debatable. Some argue that SLNB 
should not be considered given the low rate of 
node positivity with DCIS and the little influence 
this has on subsequent therapy.

Van and colleagues tried to validate whether 
SLNB is justified in patients with DCIS on core 
biopsy in current understanding. Clinically node- 
negative DCIS patients diagnosed between 2004 
and 2013 on core biopsy were enrolled. A total of 
910 patients were recruited and SLNB was done 
in 471. Women undergoing mastectomy had 7% 
SLN metastases versus 3.5% for breast- conserving 
surgery (BCS). The two factors which correlated 
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with SLN metastases were smaller core needle 
size and invasive cancer. Histopathologically 
diagnosed invasive cancer was found in 16.7% 
with 15.6% SLN metastases but only 2% in pure 
DCIS. They concluded that SLNB is not required 
for DCIS on core biopsy undergoing BCS.  If 
definitive histopathology showed invasive cancer, 
SLNB can be considered later [45].

30.5  Adjuvant Therapy

30.5.1  Role of Radiation

In 1993 National Surgical Adjuvant Breast and 
Bowel Project (NSABP) trial was done to evaluate 
radiation therapy after lumpectomy and concluded 
that the combination was better than lumpectomy 
alone for localized DCIS.  They included 818 
women with localized DCIS who were randomly 
assigned to either group (lumpectomy or lumpec-
tomy plus radiation), and they followed up patients 
for 90 months. The result of the trial demonstrated 
that the benefit of lumpectomy plus radiation was 
seen between 5 and 8 years of follow-up and was 
due to a decrease in invasive and noninvasive ipsi-
lateral breast tumors (IBTs). Locoregional and dis-
tant metastasis were similar. Regardless of clinical 
or mammographic tumor characteristics, radiation 
benefits were seen for all [46].

A randomized controlled trial from Australia 
and New Zealand recruited 1701 DCIS women for 
8 years. Ipsilateral invasive disease was not reduced 
by tamoxifen, but recurrence of overall DCIS was 
decreased. Radiotherapy reduced the incidence of 
ipsilateral invasive disease and ipsilateral ductal 
carcinoma in situ but did not affect the occurrence 
of contralateral disease. Thus, post the complete 
local excision of DCIS, radiotherapy can be given, 
but tamoxifen has a little role to play if any [47].

30.5.2 Hormonal Therapy

Estrogen receptor (ER) is not only a powerful 
predictive and prognostic marker but also a target 
for the treatment of hormone-dependent breast 
cancer.

National Surgical Adjuvant Breast and Bowel 
Project B-24 was a randomized controlled trial 
done to evaluate the efficacy of tamoxifen in 
DCIS.  One thousand and eight hundred four 
women with DCIS even with involved margins 
were randomly allocated equally to lumpectomy, 
radiation therapy, and placebo or lumpectomy, 
radiation therapy, and tamoxifen. After 5  years 
of follow-up, women in the tamoxifen group had 
fewer reported breast cancer events than placebo. 
In the tamoxifen group, the cumulative incidence 
of all invasive breast cancer events were 4.1% at 
5  years: 2.1% in the ipsilateral breast, 1.8% in 
the contralateral breast, and 0.2% at regional or 
distant sites [48].

In 2002 the American Society of Clinical 
Oncology provided guidelines for pharmacologi-
cal intervention in breast cancer [49].

30.6  Prognosis

Approximately 15–30% of women with pure 
DCIS develop a subsequent breast tumor event 
within the first decade after lumpectomy; though 
a majority (70%) with pure DCIS are treated 
with lumpectomy, radiation, and anti-hormonal 
treatment, it is opt to say that many are being 
over treated. Thus, identification of a prognos-
tic biomarker to predict the clinical behavior 
of DCIS is the need of the hour so that the line 
of treatment between lumpectomy alone and 
lumpectomy with adjuvant therapy can be reli-
ably decided upon.

Narod et  al. in their observational study 
reported that among the 108,196 women with 
DCIS, the mean age at diagnosis of DCIS was 
53.8 (15–69) years and the mean duration of fol-
low- up was 7.5 (0–23.9) years. At 20 years, the 
overall breast cancer-specific mortality was 3.3% 
and was higher for women diagnosed before 
35 years and for black ethnicity [50].

Five hundred seventeen women died of breast 
cancer following a DCIS diagnosis with a mean 
follow-up of 7.5 years without being diagnosed 
with invasive breast cancer. Among patients who 
underwent lumpectomy, radiotherapy reduced 
the risk of ipsilateral invasive recurrence at 
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10  years but not of breast cancer-specific mor-
tality at 10 years. Understanding the prognostic 
factors that influence recurrence after treatment 
of DCIS is important, as roughly 50% of recur-
rences are invasive cancers and thus an increased 
mortality risk [50].

Chuba et  al. investigated the incidence rates 
of invasive breast cancer (IBC) in 4853 women 
having a diagnosis of primary LCIS from 1973 to 
1998. The incidence of IBC increased over time 
from the diagnosis of LCIS, with 7.1 ± 0.5% inci-
dence of IBC at 10 years. IBCs detected after par-
tial mastectomy occurred in either breast (46% 
ipsilateral and 54% contralateral); however, 
after mastectomy, most IBCs were contralateral 
(94.7%). IBCs occurring after LCIS were mainly 
of lobular histology (23.1%) compared with the 
primary IBCs (6.5%) [51].

30.7  Conclusion

Preinvasive lesions of breast carcinoma are 
the fourth most common cancer diagnosed in 
women after invasive breast, lung, and colorectal 
cancer. These are mainly grouped into the lobu-
lar and ductal in situ carcinomas. There are two 
models suggested for progression of preinvasive 
lesions to invasive cancer, and genetic aber-
rations in both groups can be studied via IHC, 
FISH, LOH, CGH, or proteomics. The diagnosis 
of preinvasive lesions requires a careful clinical 
examination followed by imaging and biopsy 
of the lump. Imaging can be done by mammog-
raphy, ultrasonography, or MRI. FNA and core 
biopsy have virtually eliminated the need for 
open biopsy or frozen section in diagnosis of 
breast cancer. Breast-conserving therapy in the 
form of localized excision followed by adjuvant 
radiation or pharmacological intervention is the 
cornerstone of treatment.

Key Points
• Breast cancer is the leading cause of cancer 

deaths in women worldwide, accounting for 
23% of total cancer cases and 14% of all 
cancer- related mortalities.

• The preinvasive lesions of lobular type include 
atypical lobular hyperplasia, and ductal pre-
cancer includes flat epithelial hyperplasia, 
ADH, and DCIS.

• The gold standard for the diagnosis of any 
concerning breast lesion involves a triple 
assessment, including clinical examination, 
imaging, and biopsy.

• Seventy-five percent of DCIS cases present as 
microcalcifications on mammography, while 
the MRI picture is of a non-mass enhancement 
with a clumped or linear pattern.

• Fine needle aspiration (FNA) and core biopsy 
are now universally accepted as methods that 
virtually eliminate the need for open biopsy or 
frozen sections in diagnosis of breast cancer.

• Immunohistochemistry can be used to differ-
entiate ductal and lobular in situ and invasive 
carcinomas. The majority of ductal carcino-
mas express cytoplasmic E-cadherin and lack 
high molecular weight CK, whereas most 
lobular carcinomas lack expression of 
E- cadherin but express CK.

• Today, almost 75% of newly diagnosed 
patients with DCIS are treated with BCT, 
while mastectomy is not needed for LCIS. The 
ideal margin width is not clear, and most sur-
geons prefer to achieve a 2 mm radial margin.

• Adjuvant therapy in the form of radiation or 
chemotherapy improves prognosis in women 
treated for preinvasive in situ lesions of the 
breast.
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31.1  Introduction

The saying “No man is an island…..every man is 
a piece of the continent, a part of the main” is 
very apt in the context of microbiomes in health 
and disease. Just as man is affected by the sur-
rounding environment, likewise the cells of the 
body too are in tune with their microenviron-
ment. The term “microbiota” refers to complex 
ecological communities of microbes in aggregate 
that are in a reciprocal relationship with the host 
at a specific site, while “microbiome” or metage-
nome of microbiota, by definition, is the collec-
tive genetic map of the entire microbiota residing 
in a specific niche [1] (Fig.  31.1). The term 
“microbiome,” however, has often been used as a 
substitute for “microbiota.” Within the human 
body, there are an estimated 100 trillion microbes, 
tenfold more in number than human cells [2, 3], 
that interact with the cells of the host constantly 
at numerous sites including the skin and mucosal 
surfaces such as the gastrointestinal (GI) tract. 
The GI tract houses the major share of the total 
human microbiome and exerts both local and far- 
reaching effects [4]. These microbes are capable 

of expressing many more distinctive genes than 
their host cells, providing remarkable enzymatic 
potential and imparting an essential role in many 
aspects of host physiology [5]. Thus, the gut 
microbes that have coevolved with their hosts for 
millions of years are no longer considered pas-
sive travelers but are intricately associated with a 
vast range of host activities like development and 
maturation of immune system [6], digestion and 
nutrition [6, 7], and detoxification and body 
defense [8]. The term microbiota encompasses 
various types of microorganisms like bacteria, 
viruses, fungi, parasites, etc. [9]. The normal 
microbial flora of any site is commonly referred 
to as commensals; however, technically they 
could be classified as truly commensals, symbi-
onts, parasites, or pathogens depending on the 
resultant action at specific sites in the host. This 
relationship however is entirely context driven, 
depending on the diet/nutritional status, hor-
mones, genetic makeup of the host, age, race, 
underlying diseases, and other coinfecting patho-
gens [10]. At each specific site of the body, these 
members need to be maintained in a “eubiotic” 
state—a state of equilibrium for sustaining the 
health of that site [4]. It is when there is disequi-
librium, e.g., during inflammatory processes, that 
the microbial community changes, resulting in 
dysbiosis [4]. Dysbiosis, therefore, is an imbal-
ance in the microbial ecology, i.e., variation in 
the proportions and/or strains of commensals, 
symbionts, and pathogens at a particular niche 
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[4]. A persistent state of dysbiosis could further 
aid pathogen establishment, inflammation, pro-
duction of genotoxins, and other carcinogenic 
microbial metabolites, all of which need not be 
mutually exclusive [4]. We are now tempted to 
agree with the old Ayurvedic adage that “gut 
health is critical to overall health” [11, 12], and 
varied types of diseases including depression, 
obesity, diabetes, chronic fatigue syndrome, 
rheumatoid arthritis, and cancer are associated 
with an unhealthy gut [13, 14]. In this chapter, we 
explain in detail the role of the gut and vaginal 
microbiota in gynecological malignancies.

31.2  The Role of the Gut 
Microbiome in Health 
and Gynecologic Cancers

The science of microbiomes has progressed 
exponentially in the last decade – thanks to the 
advances in sequencing technologies and 
bioinformatics. The resultant discoveries have 
revolutionized our perception about the composi-
tion, capability, and activity of the human intesti-
nal microbiome. Microbes in the GI tract control 
several features of gut physiology, like digestion 
of complex foods, intestinal permeability, pre-
vention of pathogen colonization, synthesis of 

vitamins, and metabolism. These have far-reach-
ing effects well beyond the local GI compartment 
[13, 15]. Microbiota influence oncogenesis in 
various ways: (1) by the direct oncogenic action 
of specific pathogens or their products, e.g., 
Helicobacter pylori and gastric cancer and with 
reference to gynecologic malignancies, human 
papillomavirus (HPV) and cervical cancer (this 
aspect has been covered separately; please see 
Chap. 9); (2) by inducing pro-inflammatory and/
or immunosuppressive activity, thereby subvert-
ing anticancer immunosurveillance [16, 17]; and 
(3) aids in the trafficking of numerous metabo-
lites including hormones which favor tumor 
growth [18, 19].

31.2.1  Gut Microbiome Modulates 
the Systemic Immune 
and Inflammatory Responses

A healthy gut microbiome primarily comprises 
four phyla: Bacteroidetes, Firmicutes, 
Actinobacteria, and Proteobacteria. In order to 
maintain a healthy epithelial barrier, intestinal 
immunity, and homeostasis, the combined abun-
dance of the former two phyla should be >90% of 
species, with a lower Firmicutes/Bacteroidetes 
(F/B) ratio [20]. The interaction between unique 

Commensals Symbionts Pathogens

Bacteria Fungi Viruses Parasites

Microbiota

Microbiome (Genetic map)

Fig. 31.1 Composition of the microbiome. Microbiome 
is the genetic content in toto of the microbiota present at a 
specific site [1]. The term microbiota is inclusive of all 
types of microorganisms like bacteria, fungi, viruses, and 
parasites which are in a constant relationship with the host 
cells. The host-microbe relationship can be classified 

under three broad types, viz., commensalism wherein the 
microorganism (commensal) neither harms or benefits the 
host; symbiosis where both the host and the microbe 
(symbiont) derive benefit from each other; and parasitism 
where the microbe (pathogen) harms the host
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gut microbiota (“keystone species”) and the gut 
epithelium drives the development and function 
of the immune system: Segmented filamentous 
bacteria (SFB) promote the differentiation of 
pro-inflammatory Th17 cells in the intestinal 
lamina propria, which has a substantial impact on 
the pathogenesis of autoimmune disorders [21, 
22], whereas Bacteroides fragilis [23] and some 
species of Clostridia [24] direct the development 
and function of IL10-secreting regulatory T cells 
(Tregs) in the gut to actively induce gut mucosal 
tolerance and hence prevention of inflammatory 
bowel disease [25]. Likewise, nutrients and their 
metabolites influence the composition and func-
tions of gut microbiota and their interaction with 
the immune system, e.g., tryptophan metabolites 
in the GI tract comprise those derived both from 
the GI host cells (endogenous catabolism: kyn-
urenines, serotonin, and melatonin) and GI 
microbiota (indole, indolic acid, skatole, and 
tryptamine). The gut flora in turn influences 
absorption and metabolism of tryptophan by the 
host’s cells and thus regulates host immunologi-
cal responses [26]. The crucial role of normal gut 
flora in the development of the immune system is 
affirmed by a defective immune system in germ- 
free mice [27, 28]. Alteration in the types and/or 
abundance of the normal flora can even regulate 
immunity and inflammation in organs distal from 
the intestine [29]: gut microbiota-driven TLR5 
signaling upregulated circulatory levels of tumor- 
promoting IL6, with subsequent mobilization of 
myeloid-derived suppressor cells (MDSCs) into 
ovarian cancer resulting in inflammatory and 
immunosuppressive microenvironment leading 
to malignant progression [30]. This is relevant 
considering that gene polymorphisms for patho-
gen recognition receptors (PRRs) [31] including 
TLR5 are common in the population [32].

31.2.2  Gut Microbiota Regulate 
Circulatory Hormone Levels

Peyer’s patches in the gut-associated lymphoid 
tissue (GALT) have recently been recognized as 
sites for estradiol (E2) synthesis in mice, where 
the total quantity of the hormone exceeds that of 

the gonads [33]. Briefly, E2 acts canonically/
genomically by binding to estrogen receptors 
(ERs), causing downstream gene activation and 
epigenetic modifications and eventually sets off 
signaling cascades within the cells. The net out-
come of these series of events is physiological 
alterations across various estrogen-responsive 
tissues [14]. E2 regulates proliferation and 
homeostasis of lymphocytes locally in the gut 
and ultimately alters the diversity of the microbi-
ome of the gut lumen [34]. The hormone in addi-
tion is also a potent immunosuppressor and acts 
by boosting suppressor cells like Tregs [35–38], 
M2 subtype of tumor-associated macrophages 
[39], and MDSCs [40]. Estradiol also upregulates 
expression of granzyme B inhibitor, proteinase 
inhibitor-9, which thereby protects cancer cells 
against apoptosis induced by immune effectors 
like natural killer and cytotoxic T cells [41]. In 
postmenopausal women, the gut microbiota plays 
a primary physiological role in the regulation of 
circulating estrogen levels [42]. Thus, dysbiosis 
in the gut could influence the risk of developing 
estrogen-related diseases including cancers [42]. 
Estradiol possesses pro-tumorigenic potential 
acting via both genomic and non-genomic path-
ways and has been incriminated in a variety of 
malignancies, predominantly breast, endometrial 
[43–45], and ovarian cancers [46], and, as 
described later in the chapter, in the etiopatho-
genesis of cervix cancer as well [38, 47].

31.2.2.1  Estrogen Metabolism 
in the Gut and Liver

Estrogens (C18) are derived from cholesterol 
(C27) through a series of reduction steps. There 
are three main forms of endogenous estrogens in 
the human female body: (1) Estradiol (E2) is the 
predominant premenopausal estrogen in non-
pregnant women. It is majorly synthesized by the 
ovaries, Peyer’s patches in mice (yet to be dem-
onstrated in human Peyer’s patches), and, to a 
small extent, adrenal glands and adipose tissue, 
through aromatization of testosterone [33, 34]. 
Androstenedione is aromatized to (2) estrone 
(E1), which in turn gets converted to E2 by 
17β-hydroxysteroid dehydrogenases. Estrone 
predominates after menopause. (3) Estriol (E3) is 
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Estrogen metabolism in the liver
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Fig. 31.2 Estrogen metabolism in the liver. Parent estro-
gens: E1 estrone, E2 estradiol, E3 estriol. The steroid ring 
in the parent hormone undergoes irreversible hydroxyl-
ation and subsequent methylation at the C-2, C-4, or C-16 
positions resulting in different types and concentration of 

estrogen metabolites. Both the parent molecules and the 
metabolites get conjugated via glucuronidation and sulfo-
nation, and the resultant end products get excreted via the 
bile, feces, and urine [49–56]

highest during pregnancy [48]. Estrogens are 
largely transported in the plasma either in the free 
form, which is biologically active, or bound to 
proteins.

Phase I metabolism of estrogens (Fig. 31.2): 
Parent estrogens (E2, E1) undergo phase I metab-
olism in the liver; the steroid ring in the hormone 
undergoes irreversible hydroxylation at the C-2, 
C-4, or C-16 positions resulting in estrogen 
metabolites with varied hormone potency and 
half-life [49].

Phase II metabolism of estrogens: Further, 
both the parent hormone molecules and their 
metabolites (including cathechol estrogens 
derived via hydroxylation and subsequent meth-
ylation [50] get conjugated through glucuronida-
tion or also through sulfonation, which then get 
readily excreted in the bile [51, 52], urine, and 
feces [50, 53]. Approximately 65%, 48%, and 
23% of circulating forms of E2, E1, and E3, 
respectively, are recovered in bile [54], and 
accordingly about 10–15% of circulating E2, E1, 
and E3 are found in the conjugated form in the 
feces [55, 56]. An important aspect of estrogen 

metabolism is that β-glucuronidase- and 
β-glucosidase-expressing gut microbes deconju-
gate these estrogen glucuronides [57–61], result-
ing in reabsorption of a biologically significant 
proportion of estrogens into the circulation [42]. 
Analysis of fecal estrogen metabolites in humans 
after exposure to antibiotics [56, 62–64] and 
experiments with germ-free animals offer further 
support for the crucial role of gut microbiota in 
estrogen metabolism [65, 66]. The term “estrobo-
lome” refers to the collective gut microbial genes 
whose expression is capable of metabolizing 
estrogens [18] (Fig. 31.3), which essentially mod-
ulates enterohepatic circulation of estrogens. In 
healthy men and postmenopausal women, fecal 
β-glucuronidases inversely correlated with total 
fecal estrogens and directly correlated with 
increased ratios of parent estrogen concentrations 
vs. estrogen metabolites in the serum, putting 
such women at an increased risk of breast cancer 
[67–70]. The right proportions of gut microbes 
contribute to the estrobolome, which regulates 
estrogen homeostasis at intestinal and distal 
mucosal sites [14, 71]. However, when gut 
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dysbiosis occurs, ratios of deconjugated-
conjugated estrogens get altered resulting in either 
hyper- or hypoestrogenism, thus promoting the 
development of estrogen-related pathologies [18]. 
Thus, host-mediated glucuronidation of estro-
gens, which was once considered to primarily 
serve a classical excretory role, is challenged by 
microbial β-glucuronidases resulting in recycling 
of estrogens [55]. Microbial β-glucuronidases 
could thus be considered a boon for normal estro-
gen physiology but a bane for malignancies.

31.2.2.2  Melatonin, Estrogen, 
and the Gut Microbiome

While microbiota producing β-glucuronidases 
are at one end of the spectrum, at the other end 
are tryptophan-metabolizing and tryptophan- 
non- metabolizing gut microbes like Escherichia 
coli (E. coli) and Klebsiella spp., respectively 
(see Fig.  31.3). Melatonin, an indole hormone 
which is a by-product of tryptophan metabolism, 
is produced by the pineal gland and in addition is 
also synthesized by the cells of the GI tract, 

retina, leucocytes, and the skin [72]. The quantity 
of melatonin released in the GI tract is up to 400 
times the concentration produced by the pineal 
gland [73]. The synthesis of melatonin in the gut 
partly depends on the dominant microbiome: for 
instance, microbes like Klebsiella spp. do not 
compete with the host cells for tryptophan and 
hence would promote melatonin synthesis, 
whereas tryptophan-utilizing microbes like E. 
coli eventually end up regulating serotonin and 
downstream melatonin synthesis in the gut [19, 
26]. In addition to regulation of the circadian 
rhythm, melatonin also has other properties, such 
as regulation of gut permeability and immuno-
modulatory, anti-inflammatory, antioxidant, 
oncostatic, and antiproliferative properties [74]. 
The latter two effects of melatonin have been 
well established in estrogen-dependent breast 
cancer and endometrial cancer as well [75, 76]. 
Melatonin (1) interferes with the activation of ER 
and is thus akin to a selective estrogen receptor 
modulator (SERM) [77, 78]; (2) inhibits enzymes 
involved in the synthesis of estrogen, leading to 
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Fig. 31.3 Estrogen metabolism by the gut microbiome. 
At one end of the spectrum is the “estrobolome”—the 
overall gut microbial genes which can metabolize 
estrogens: e.g., β-glucuronidases and sulfatases. These 
enzymes deconjugate estrogens (both parent and metabo-
lites) and release free estrogens in the gut lumen which 
can get absorbed into the circulation. At the other end is 
tryptophan non-metabolizing microbiome (e.g., Klebsiella 

spp.)—which doesn’t compete with the host cells for 
tryptophan and thereby promotes the synthesis of melato-
nin in the gut. Melatonin antagonizes estrogens by acting 
as a selective estrogen receptor modulator (SERM) and a 
selective estrogen enzyme modulator (SEEM) by 
inhibiting enzymes which synthesize estradiol (E2), viz., 
17β-hydroxysteroid dehydrogenase 1 (17β-HSD1), sulfa-
tases, and aromatase [14, 18, 19, 26, 55, 77–80]
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lower plasma levels [79]; and (3) promotes 
metabolism of E2 into its inactive estrogen sul-
fate (E1S) form. The latter two properties are 
termed selective estrogen enzyme modulator 
(SEEM) [80]. Diet influences both the microbi-
ome and in turn the estrobolome. A vegetarian 
diet has been proven to discourage the growth of 
β-glucuronidase- expressing microbes and 
accordingly vegetarians have higher concentra-
tions of conjugated estrogens in the feces and 
lower serum levels of estrogens [51]. Hence, hav-
ing the right species and/or proportions of gut 
bacteria would help them bind to fiber and excrete 
both excess human estrogen and chemical estro-
gens from the body [51].

31.2.2.3  Estrobolomes 
and Gynecological 
Malignancies

The metabolic functioning of the estrobolome is 
considered to be partly responsible for the life-
time burden of exposure to estrogen in a woman 
[18]. An estrobolome enriched in gene products 
promoting estrogen metabolite deconjugation 
reactions including but not limited to fecal 
β-glucuronidase levels may end up in greater 
reabsorption of free estrogens, thus influencing 
development of estrogen-driven neoplasia [18] 
(see Fig. 31.3). A phylogenetic diverse gut micro-
biome favors metabolism of conjugated estro-
gens. While the field of estrobolomes in 
gynecological malignancies remains to be 
explored, it may be very pertinent considering 
that excess circulatory and/or tissue estrogen 
may be a risk factor for the development of these 
cancers [38, 43, 81, 82].

31.2.2.4  Cervical Cancer
Several lines of evidence support a role of E2 in 
human cervical cancer (CxCa): firstly, long-term 
estrogen exposure by way of use of oral contracep-
tives/multiparity has been proven to increase the 
risk of cancer cervix [83, 84]. Secondly, in trans-
genic mouse models of cervical carcinogenesis, 
E2 has been proven to be a necessity for induction 
of oncogenesis [47, 85, 86]. Thirdly, in human 
disease, high intratumoral concentrations of the 
hormone were localized within both the tumor and 

stromal cells, in the absence of raised plasma lev-
els [38]. However, since E1 is the predominant 
form of estrogen in postmenopausal women [48], 
it may be worth correlating plasma E1 levels with 
estrobolomes in this malignancy.

31.2.2.5  Endometrial Hyperplasia 
and Endometrial Cancer

High levels of estrogen unopposed by progester-
one are thought to be a primary driver in both 
endometrial hyperplasia (EH) and endometrial 
carcinoma (EC) (OR 2.1–4.1) [87–90]. 
Hyperestrinism in the form of nulliparity, early 
menarche, and late menopause are known risk 
factors [91], and progestins, which are antiestro-
gens, are used in the therapy of atypical hyper-
plasia and EC [92]. High plasma levels of E1 in 
postmenopausal women is thought to originate 
by aromatization of adipose tissue [90, 93], 
which is relevant considering that majority of 
EC patients in developed countries are obese. 
Bariatric surgery, which modifies both the meta-
bolic profile and the microbiome composition – 
and perhaps the estrobolome—thus reduces the 
risk of developing EH in obese women [94, 95]. 
The scenario regarding obesity and risk of can-
cer in the Asian- Indian population was not a con-
cern until recently when 23% of females in India 
were reported to be either obese or overweight 
[96]. Furthermore, an increasing concern is that 
in the Indian population, the ill effects of obesity 
might be evident even at a lower BMI (<25 kg/
m2) [97]. Hence, characterizing the estrobolome 
vis-a-vis tryptophan metabolizing microbial 
genes which influence melatonin production is 
indeed required to understand whether gut 
microbes contribute to raised plasma levels of 
the hormone in EC.

31.2.2.6  Ovarian Cancer
The role of hormones in the etiology of ovarian can-
cer is controversial. There is only one prospective 
study which demonstrated that women with high 
circulatory E2 had three times the risk of develop-
ing ovarian cancer (OR 3.0) compared to women 
with the lowest E2 levels [98]. Estrogen may pos-
sibly be involved in the early steps of malignant 
transformation of ovarian tumors: ~60 to 100% of 
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ovarian tumors express both types of estrogen 
receptors (ERα and ERβ) [99]; ERβ, which inhibits 
cell proliferation, gets downregulated with disease 
progression [100–102]. Additionally, through the 
non-genomic pathway involving NFκB, E2 pro-
motes proliferation of ovarian granulosa cells which 
also downregulates ERβ [103]. Further, E2-ERα 
signaling may be playing an indirect role by poten-
tiating the suppressive function of MDSCs in the 
tumor microenvironment [40].

31.3  Vaginal Microbiome 
in Gynecological 
Malignancies

Alteration in the flora of any site could play a role 
in the pathogenesis of various diseases including 
cancer broadly by promoting the establishment 
of pathogens/by modulating the local immune 
responses/metabolism [104]. In this section, we 
will review altered local microbial flora and its 
relevance to pathogen colonization and invasion 
in gynecological cancers.

31.3.1  The Normal Microbiota 
of the Vagina in Healthy 
Women

Both by forming communities and through elab-
oration of various metabolites like lactic acid, 
hydrogen peroxide, etc., the normal vaginal flora 
act as a crucial crusader against pathogen estab-
lishment including sexually transmitted infec-
tions (STIs) [105–110]. The flora is influenced by 
the microenvironment and by factors like age, 
sexual activity, antibiotic usage, use of oral con-
traceptives/hormone replacement therapy, and 
pregnancy [111, 112]. Long before the bacterial 
culture era, lactobacilli representing the normal 
vaginal flora were recognized as “gatekeepers” of 
the vaginal ecosystem. However, since more than 
80% of vaginal microbiota is not culturable [113, 
114], the actual composition of the normal vagi-
nal flora was not known until recently. The dawn 
of the genomic era, and advances in sequencing 
technologies, has truly been a blessing to estab-

lish a “normogram” of the vagina through “The 
Human Microbiome Project,” which the National 
Institutes of Health, USA, embarked upon from 
2007 [9]. Various methods are used to character-
ize the microbiome at any site: viz., 16S rDNA 
amplification by polymerase chain reaction and 
pyrosequencing or whole genome sequencing. 
The microbiome profiles are classified by cluster-
ing them into community state types (CST), 
based on the predominant taxa present in the 
specimens. Such a method of classification is 
useful for studying the dynamics of microbiome, 
especially where large inter-subject heterogene-
ity and/or intra-subject temporal variability is 
found, which may be difficult to quantify but is 
nevertheless critically important, e.g., in bacterial 
vaginosis (BV) [115]. Overall, bacteria compris-
ing a healthy vagina are classifiable into six major 
phyla—Bacteroidetes, Fusobacteria, 
Actinobacteria, Tenericutes, Proteobacteria, and 
Firmicutes [116]—and are typically dominated 
by members of the latter phyla, viz., Lactobacillus 
crispatus (L. crispatus), L. gasseri, L. iners, and 
L. jensenii [117]. The predominant species of lac-
tobacilli, however, varies based on geography 
[118]. A reduction in the overall abundance of 
lactobacilli and variability in the predominant 
species has been observed in the vaginal microbi-
ome from pre-, peri- to postmenopausal women: 
L. crispatus and L. iners dominated in premeno-
pausal women; in perimenopausal women L. gas-
seri was predominant, whereas postmenopausal 
women had microbial species from diverse gen-
era including Proteobacteria, Porphyromonas, 
Streptococcus, Sphingomonas, Campylobacter, 
and Peptoniphilus [116, 119, 120]. This fluctua-
tion in vaginal microbiota observed during the 
lifetime of women is probably influenced by epi-
thelial thickness and intraepithelial glycogen 
synthesis which is under the control of estrogen 
[116, 121].

31.3.2  Bacterial Vaginosis

In women of the reproductive age, bacterial vagi-
nosis (BV) is one of the most common causes of 
abnormal vaginal discharge [122]. It is a condition 
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that is marked by vaginal dysbiosis, wherein the 
normal vaginal flora comprising majorly of lacto-
bacilli is replaced by varied combinations of 
anaerobic and facultatively anaerobic bacteria. 
Although there is inter-individual variation in the 
microbiota reported in BV, the most frequent 
ones observed are Gardnerella, Prevotella, 
Atopobium, Sneathia, Mycoplasma, 
Megasphaera, Dialister, Bifidobacterium, 
Leptotrichia, and Clostridium species [123–125]. 
Bacterial vaginosis can promote colonization and 
establishment of pathogens including STIs like 
HIV [126], Chlamydia trachomatis (C. tracho-
matis), Neisseria gonorrhoeae [127, 128], and 
HPV [129]. The diagnosis of BV is presently 
based on “Nugent” criteria—an objective micro-
scopic reporting system of Gram-stained smears 
of vaginal discharge that evaluates bacteria on 
morphotypes [130]. Nugent score is the ratio of 
“beneficial” lactobacilli to other flora, which in 
BV is reversed sometimes to the extent of 100–
1000 times compared to a healthy vagina. 
However, the diagnosis of BV is not free from 
problems: (1) there are difficulties in differentiat-
ing between normal flora and BV-predominant 
bacteria based on morphology; (2) inability to 
detect biofilm formation, which is an important 
pathogenetic mechanism in BV; (3) the dynamic 
nature of vaginal flora, which is swayed by vari-
ous factors; (4) absence of lactobacilli in healthy 
women from certain geographic regions (African 
and Hispanics) where some other lactic acid- 
producing bacteria predominate; and/or (5) vari-
able concentrations of facultative or anaerobic 
bacteria—microbiota that have been traditionally 
associated with BV [131].

31.3.3  The Vaginal Microbiome 
in HPV Infection, Precancer, 
and Invasive Cervical Cancer

Persistent infection with one of the high-risk gen-
otypes of HPV has been proven to be necessary 
but not sufficient for initiation or progression of 
CxCa [132]. It is a well-established fact that 70% 
of HPV infections resolve within a year of infec-
tion [133] and <1% of these will progress to 

cancer [134]. Microbes sharing the same niche 
could be additional cofactors that either reduce 
the host’s ability to clear HPV, increase the risk 
of acquisition, enhance HPV replication, and/or 
accelerate cancer progression [135]. Bacterial 
vaginosis [118, 136] or coinfections with other 
STIs are implicated in the acquisition, persis-
tence, and progression of HPV infection to CxCa 
[132], aided by cytokines in the microenviron-
ment [137]. Of the various STIs associated with 
genital HPV infection, two prominent ones rele-
vant for monitoring progression of an HPV- 
infected lesion will be reviewed here, viz., C. 
trachomatis and human immunodeficiency virus 
(HIV) infections [138].

31.3.4  Bacterial Vaginosis in Cervical 
Carcinogenesis

There has been a great deal of interest in charac-
terizing the vaginal microbiota in HPV-infected 
women, basically with an intent to identify other 
possible cofactors. No consistent pattern of 
microbes has been found in the composition of 
the cervicovaginal microbiomes across various 
stages of progression of HPV infection to inva-
sive cancer [139]; however, a vast diversity of 
vaginal microbiomes was a common feature 
observed [116, 118, 140]. Briefly, vaginal dysbi-
osis was characterized by a decrease in lactoba-
cilli and a concomitant increase in the diversity 
and number of anaerobic bacteria including spe-
cies of Gardnerella [118, 141], Fusobacteria 
including Sneathia spp. [116, 139], Atopobium 
[141–143], Prevotella [116], and Clostridia 
[116]. Such a changed microenvironment is 
known to increase susceptibility to genital infec-
tions [144]. Cervical microbiome has been well 
characterized across all stages of cervical carcino-
genesis only in one landmark study [139]: wherein 
samples were clustered into CSTs based on the 
histopathological findings (Table  31.1). Though 
the study was limited in numbers, it laid the foun-
dation for further studies on microbiota in CxCa. 
A recent reanalysis of published microbiome data 
assessed the functional relevance of CSTs over 
time and observed Gardnerella vaginalis 
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(G.  vaginalis) to be a strong predictor of an 
upcoming CST change [145]. An inverse correla-
tion has been reported between decreased relative 
abundance of Lactobacillus spp. with a concomi-
tant increase in the abundance of L. iners in the 
vaginal flora and increasing severity of SIL dis-
ease [146]. This paradox of higher L. iners with 
higher grades of SIL may be due to the inability 
of L. iners to produce antimicrobials, lactic acid 
and hydrogen peroxide [144, 146], and hence 
may be aiding acquisition and/or persistence of 
the viral infection [116, 117, 139, 147, 148]. A 
predominance of A. vaginae, G. vaginalis, and L. 
iners with a concomitant paucity of L. crispatus 
in the cervical microbiota was associated with 
higher risk of SIL disease progression, suggest-
ing that bacterial dysbiosis and its combination 
with oncogenic HPV types may be risk factors 
for cervical neoplasia [149].

31.3.5  HPV and Other Coinfections

31.3.5.1  Chlamydia Trachomatis
C. trachomatis is one of the most common STIs 
producing chronic inflammation [150, 151] and 
pelvic inflammatory disease (PID) and increases 
the risk of cervical neoplasia [152–155]. It is an 

intracellular Gram-negative bacterium, which 
infects the epithelium of the genital tract. The 
association of C. trachomatis infection was higher 
in HPV-positive women when compared to HPV-
negative ones [156–158]. Both the microbes—
HPV and C. trachomatis—reciprocally aid each 
other’s acquisition [156–159]. C. trachomatis 
facilitates access of HPV to the basal cells of the 
cervical epithelium and may accelerate cell prolif-
eration, inhibit apoptosis of infected cells, and 
even promote host DNA damage [160–162], 
which is a necessary condition for cell transfor-
mation [162]. C. trachomatis prevalence in CxCa 
is known to vary based on geography, detection 
method employed, and number of specimens 
sampled, and some studies have reported specific 
serotypes to be associated with the disease [162]. 
Large seroepidemiological studies across Europe 
have confirmed C. trachomatis to be a significant 
risk factor for high-grade SIL, carcinoma in situ, 
and invasive cancer cervix (ICC) [152, 163, 164] 
(OR 4.03 for the latter) [165]. This observation is 
of direct prognostic value, and it is therefore 
important to test women for C. trachomatis, par-
ticularly those who have tested positive for 
HPV. The advantage of such an approach could be 
twofold: it could protect against PID and may also 
prevent invasive cancer [165].

31.3.5.2  Human Immunodeficiency 
Virus

The second co-pathogen of relevance is the human 
immunodeficiency virus (HIV). HIV- mediated 
immunodeficiency adversely impacts the natural 
history of HPV infection, being associated with 
increased acquisition [166], and persistence [167] 
of the viral infection, and also with increased risk 
of progression to high-grade SIL [168, 169] and 
ICC [169–171] as compared to the general popula-
tion. Both the viruses share common behavioral 
characteristics, use the cervix as the site of entry, 
and mutually complement each other in pathogen-
esis [172]. Mechanistically, inflammatory cyto-
kines produced by the infected cells in response to 
HIV glycoproteins disrupt tight junctions and epi-
thelial barrier function [173], which could then 
facilitate access and entry of HPV to basal epithe-
lial cells [172, 174]. The rate of clearance of HPV 

Table 31.1 Clustering of cervical microbiome-based 
histopathological criteria [139]

No. Cluster
Histopathology of 
cervical lesions

Predominant 
microbe

1. CST I Non-cervical lesion 
(HPV negative)

L. crispatus 
(21%)

2. CST II Non-cervical lesion 
(HPV positive)

L. iners (17%)

3. CST III Non-cervical lesion 
(HPV positive)

Pseudomonas 
oleovorans (10%)

4. CST 
IV

SIL (HPV positive) Sneathia (17%)

5. CST V Cervical lesion 
regardless of HPV 
status

G. vaginalis (7%)

6. CST VI Not done S. agalactiae 
(7%)

7. CST 
VII

Predominantly CxCa F. necrophorum 
(7%)

8. CST 
VIII

Only CxCa Fusobacteria spp. 
(14%)
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infections is inversely proportional to the degree of 
immunosuppression represented by peripheral 
CD4 T-cell count in the HIV infected [175]. After 
the advent of highly active antiretroviral therapy 
(HAART), a reduction in the persistence of HPV 
and regression of low-grade SIL, signifying HPV 
clearance, has been observed in coinfected women 
[176, 177]. Decreasing HIV viral load however is 
not effective for reducing the prevalence of ICC in 
HIV-infected women [178]. Thus, HIV infection 
confers lifelong risk for the development of HPV- 
associated cervix carcinoma. Conversely, it has 
been observed worldwide that the risk for acquir-
ing HIV infections in HPV-infected women is dou-
bled [179–181]. Hence, besides protecting against 
HPV-associated cancers, prophylactic vaccination 
programs against HPV will have an added advan-
tage of reducing the risk for HIV infection as well.

31.3.6  Modulation of Local Immune 
Responses by the Vaginal 
Microbiome

Chronic inflammation has a role to play in carci-
nogenesis of most solid tumors [182]. Some 
members of the cervicovaginal microbiota can 
translocate the epithelium, leading to low-grade 
inflammation which contributes to carcinogene-
sis [4]. Conversely, the inflammatory response to 
the tumors may cause dysbiosis, resulting in a 
positive feedback loop further promoting disease 
[4]. Accordingly, high expression of immunosup-
pressive cytokines IL4 and TGF-β1 have been 
observed within the lesions of cervical precancer 
and cancer in the CST dominated by 
Fusobacterium spp. indicating thereby that these 
microorganisms could be setting the stage by cre-
ating an immunosuppressive microenvironment, 
thus aiding HPV in cervical carcinogenesis [139].

31.3.7  Vaginal Microbiome 
and Endometrial Cancers

Although estrogen excess and metabolism are 
strong etiological factors in the pathogenesis of 
endometrial cancer, vaginal dysbiosis, as seen in 
BV resulting in PID, is considered a strong and 

independent risk factor for endometrial cancer 
(OR 1.79) [183–185]. Pelvic inflammatory dis-
ease results when pathogenic bacteria ascend 
through the cervix into the upper genital tract and 
cause inflammation of the uterus, fallopian tubes, 
and/or ovaries [185]. This is understandable with 
the growing consensus that the endometrial cavity 
is not sterile [186]. A large multicentric prospec-
tive study on vaginal microbiome (VMB) revealed 
that in patients with BV, a marked decrease in the 
abundance of lactobacilli and a relative abundance 
of anaerobic organisms including G. vaginalis, 
Mycoplasma hominis, Ureaplasma urealyticum, 
Prevotella, Atopobium, and Mobiluncus and 
anaerobic Gram-negative bacilli were signifi-
cantly more likely to develop PID [184]. Hence, 
altered VMB is a risk factor for PID. A similar 
abundance of Atopobium vaginae and a 
Porphyromonas species was observed in the uter-
ine microbiome from patients with EC [187].

31.3.8  Vaginal Microbiome 
and Ovarian Cancer

The upper female reproductive tract was once con-
sidered “sterile.” A recent study, however, has 
refuted this fact: unique microbiomes have been 
demonstrated in the ovaries and fallopian tubes 
suggesting that the composition of upper genital 
tract microbiomes may be different in patients 
with epithelial ovarian cancer when compared to 
cancer-free controls [188]. Hence, chronic inflam-
mation may play a role in the etiology of ovarian 
cancer [189]. One school of thought believes that 
following BV, the dysbiotic vaginal microflora 
ascend to the upper reproductive tract (uterus and 
fallopian tubes) [186, 190–193], especially to the 
latter site [194] leading to inflammation.

31.3.9  Prevention of Gynecological 
Malignancies

31.3.9.1  Diagnosis and Treatment 
of Vaginal Infections

Prompt diagnosis of the etiology and treatment of 
abnormal vaginal discharge may help prevent 
establishment of pathogens including STIs [131]. 
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Also, in HIV-positive patients, it may be useful to 
screen for HPV infections for the long-term man-
agement of cervical precancer [195]. Likewise, in 
HPV-infected patients, it would help to know the 
presence of coinfections like C. trachomatis 
[196] since treatment of these infections may 
check the persistence of the viral infection [167] 
and help prevent progression to cervical precan-
cer [176, 177].

31.3.9.2  Metabolic Products 
of Microbes

Besides their antioxidant, anti-inflammatory, 
and pro-apoptotic characteristics, the anticancer 
properties of phytochemicals can be ascribed to 
phytoestrogens, which are polyphenols structur-
ally similar to estrogens but are of plant origin. 
There are three main types of phytoestrogens—
isoflavones, ellagitannins, and lignans, which are 
metabolized by the gut microbiota into equol, 
urolithins, and enterolignans, respectively [197]. 
The estrogenic/antiestrogenic characteristics and 
the bioavailability of these metabolites are 
higher than the parent compound [198, 199]. 
Also, this dual activity of eliciting 
estrogenic/antiestrogenic properties gives phy-
toestrogens the therapeutic advantage in both 
hyper- and hypoestrogenism including cancers 
of the reproductive and nonreproductive tissue 
[198, 199]. However, inter-individual variation 
in the composition of host indigenous gut micro-
biota causes inconsistency in the ability to pro-
duce the final metabolites, and accordingly a 
variation is observed in the health benefits attrib-
uted to their consumption [200]. Antibiotics 
[201] and hormonal contraceptives [202] alter 
the gut microbiota, which may in turn reflect on 
the estrobolome. Since the gut microbiome plays 
an important role in regulating the metabolism 
of phenolic compounds [203], supplementation 
with probiotics might help counter the disease- 
promoting effects of these drugs.

Key Points
• Specific types and proportions of microbes 

comprise the normal eubiotic state at specific 
sites in the body; and dysbiosis is a deviation 
from this state.

• Eubiotic microbial flora in the gut is essential 
for the development and function of the nor-
mal immune system. Gut dysbiosis can induce 
systemic inflammation which could promote 
malignancies in distal organs.

• Gut microbiota or their by-products influence 
metabolism of hormones like estrogen and 
melatonin and thereby could either promote or 
inhibit oncogenesis, respectively, in various 
distant organs.

• Dysbiosis of the cervicovaginal microbiota 
aids gynecological malignancies either by 
promoting pathogen colonization/invasion or 
by suppressing the local immune response to 
favor oncogenesis.

• Dysbiotic vaginal flora in CxCa is character-
ized by a decrease in the overall abundance of 
lactobacilli and dominated by microbial spe-
cies from diverse genera: Characteristically 
Sneathia in SIL and Fusobacteria in invasive 
cancer. These flora create an immunosuppres-
sive microenvironment thus preparing the 
ground for establishment of other pathogens. 
Sexually transmitted infections like HIV, C. 
trachomatis, and G. vaginalis aid in HPV 
acquisition and/or persistence and/or progres-
sion to CxCa.

• Ascending dysbiotic vaginal microbiome 
causing PID has also been recognized to be a 
risk factor for both endometrial and ovarian 
cancers.

• Diet containing phytoestrogens counteracts 
the ill effects of estrogen metabolizing gut 
microbiota and hence is preventive against 
oncogenesis including gynecological 
malignancies.

• Treating PID and STIs would also form a first 
line of action for prevention of gynecological 
malignancies.
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32.1  Introduction

In the 1970s, Harald zur Hausen (Fig.  32.1), a 
German virologist, discovered the human papil-
lomavirus (HPV) in warts and cervical cancer. 
His interests in these viruses led him to isolate 
them and clone various strains of HPV. His dis-
covery concluded that infection with HPV strain 
16 and HPV 18 have a high risk of causing can-
cers. His profound work was recognized when he 
was awarded the Nobel Prize in Physiology or 
Medicine in 2008 [1]. Now, it is identified that 
HPV is an etiology for nearly 5% of all cancers 
worldwide [2]. The cervical cancers are almost 
always related to HPV infection; however, HPV 
is associated with anogenital cancers (vulval, 
vaginal, penile, and anal) and significant cases of 
oropharyngeal cancers [3]. Most of the individu-
als are asymptomatic, and HPV infection is taken 
care by host immune response. However, a small 
proportion of these infections persist and prog-
ress to precancerous and cancerous lesions.

In the current chapter, we review the HPV 
biology, epidemiology of HPV infection, life 
cycle of HPV infection, and factors that influence 
the progression of infection. We also discuss 
briefly regarding the gynecological cancers and 
their association with HPV infection. 32.2  HPV Structure

Papillomaviruses (PVs) are oncogenic DNA 
viruses which are small sized and infect a wide 
range of vertebrate hosts including human, V. Bharani · R. Kumar · B. Bharani (*) 

Dysplasia Clinic, Indore, Madhya Pradesh, India

 32

Fig. 32.1 Harald zur Hausen discovered HPV causes 
cervical cancer [1]. ©The Nobel Foundation Photo: Ulla 
Montan
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nonhuman mammals, reptiles, birds, and fishes. 
These are non-enveloped viruses, measuring 
approximately 55 nm in diameter, and have an 
8-kb double-stranded circular DNA genome. 
Over 350 PV types have been identified and 
classified into 45 genera. Papillomaviridae 
family includes about 200 HPV types that 
belong to five genera, namely, alpha, beta, 
gamma, mu, and nu. HPV can be classified 
based on their tissue tropism and oncogenic 
potential. The alpha HPVs display a mucosal 
tropism, while the other genera infect mostly 
the skin [4, 5].

The International Agency for Research on 
Cancer (IARC) lists 12 high-risk oncogenic HPV 
(HR-HPV) types (HPV 16, 18, 31, 33, 35, 39, 45, 
51, 52, 56, 58, and 59). These HR-HPVs are from 
alpha genus. Low-risk HPV (LR-HPV) types like 
HPV 6 and HPV 11 cause benign cutaneous and 
mucosal lesions like warts. The oncogenicity of 
certain types remains unclear; these have been 
classified as probably or possibly carcinogenic 
[6] (Table 32.1).

32.3  HPV Genome [4, 5, 7]

The genome structure and organization are sim-
ilar across the papillomavirus family. The 
genome has three main regions, which encode 
eight open reading frames (ORFs) or genes 
(Fig. 32.2):

 1. Early region (E1, E2, E4, E5, E6, E7): These 
ORFs are required for viral replication, virion 
protein synthesis, and release. These play a 
key role in cell transformation.

 2. Late region (L1, L2): This region encodes 
capsid proteins.

 3. Upstream regulatory region/long control 
region: This is the noncoding region that con-
trols viral gene transcription.

Among all papillomaviruses, the ORFs L1, 
L2, E1, and E2 are well conserved, while E4–E7 
show greater diversity. The taxonomic classifica-
tion of papillomavirus into types, subtypes, and 
variants is based on the degree of difference in 
the sequence of their L1 genes.

E1 gene encodes a helicase that is virus- specific 
and necessary for viral replication. E2 binds to 
sites in viral and host genome and is involved in 
viral transcription, followed by replication and 
genome partitioning. Probably as a result of an 
error in genome sequencing gene, E3 does not 
exist. E4 protein facilitates in viral assembly and 
release; E5 is involved in immune evasion.

E6 and E7 genes are primary oncoproteins 
which inhibit tumor suppressor pathways. E6 
degrades tumor suppressor gene p53 by the ubiq-
uitination mediated pathway, while E7 does so by 

Table 32.1 Classification of alpha human papillomavi-
rus (HPV) based on carcinogenic risk [6]

Oncogenicity
IARC 
category Typesa

High risk 1 16, 18, 31, 33, 35, 39, 45, 
51, 52, 56, 58, 59

Possibly 
carcinogenic

2A 68

Probably 
carcinogenic

2Bb 26, 30, 53, 66, 67, 69, 70, 
73, 82, 85

Low risk 3 2, 6, 7, 11,13, 27, 28, 
29,32, 40, 44, 57, 61, 62, 
72, 74, 77, 81, 83, 84, 86, 
87, 89, 90, 91, 106

aCommon types highlighted
bLimited epidemiologic data. Phylogenetically related to 
carcinogenic types

E7

E6

E1

E2

E4

E5

L2

L1

HPV16

URR

Fig. 32.2 Diagrammatic representation of HPV 16 
genome. Early genes (green), late genes (yellow), and 
upstream regulatory region (red)
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inhibiting the retinoblastoma gene. Both E6 and 
E7 deregulate pathways involved in cellular pro-
liferation, apoptosis, telomerase maintenance, 
and cell cycle regulation. They help create a favor-
able condition for epithelial cell transformation.

L1 and L2 are part of the viral capsid: L1 is 
part of external viral capsid, while L2 lies in the 
inner surface. The details of HPV ORFs and their 
functions are shown in Table 32.2.

32.4  Modes of Transmission

Genital HPV is the most common sexually trans-
mitted infection [6]. Other possible modes of 
transmission include vertical transmission, trans-

mission through fomites, and skin-to-skin con-
tact; nonsexual modes of transmission are 
however rare [8, 9].

32.4.1  Horizontal Transmission

Sexual contact is the major route of transmission 
of HPV with an infected partner through cervical, 
vulvovaginal, anal, or penile epithelia. The infec-
tion is presumably spread through the micro-
scopic abrasions in mucosa or skin. Several 
observations support this, including transmission 
of genital warts and concordance of HPV types in 
sex partners, low rates of genital HPV in virgins, 
and increase risk of infection with new sex part-
ners [6].

Self-inoculation from one anogenital site to 
another has been demonstrated [10]. Also, hand 
carriage of genital HPV, possibly leading to 
digital- genital transmission, has been identified 
[11].

Though HPV is easily transmitted, the degree 
of transmissibility varies with the type and across 
populations [12–14].

32.4.2  Vertical Transmission

Vertical transmission of HPV was first seen with 
a case of juvenile laryngeal papillomatosis. The 
rate of transmission from mother to child remains 
unclear. HPV type concordance has been shown 
in mother-infant pair [15], wherein same HPV 
types were demonstrated in both. The possible 
modes of direct transmission include during vag-
inal delivery or at cesarean section occurring 
with rupture of membranes or in the form of 
ascending infection from the maternal genital 
tract [16]. Few cases of transplacental spread 
have also been demonstrated [16–18].

32.5  Life Cycle of HPV Infection

HPVs display a high degree of epitheliotropism 
and establish productive infections in skin and 
mucosal surfaces lined by stratified squamous 
epithelium. Following mucosal microtrauma, 

Table 32.2 HPV genes/open reading frames and func-
tions of their proteins [6]

Region Genes Functions
Early E1 Essential for viral DNA replication, 

attaches to viral origin of DNA 
replication as a hexameric 
complex. Has adenosine 
triphosphatase (ATPase) and DNA 
helicase activity

E2 Main regulator of viral transcription, 
involved in replication and genome 
partitioning

E4 Facilitates in virus assembly and 
release

E5 Involved in evasion of host immune 
response, inhibits transfer of major 
histocompatibility complexes to the 
cell surface

E6 Utilizes the ubiquitination mediated 
pathway for degrading p53, induces 
telomerase, and prevents cell 
differentiation

E7 Induces unscheduled cell proliferation, 
inhibits the retinoblastoma protein, 
and activates the oncogenic 
transcription pathways

Late L1 Major viral structural protein, 
assembles in capsomeres and capsids, 
interacts with L2, interacts with cell 
receptors, and encodes neutralizing 
epitopes

L2 Minor viral structural protein, 
contributes to infectivity, and involved 
in viral trafficking, encapsulation of 
viral DNA, and virion release

URR NCR Regulate DNA replication by 
controlling the viral gene transcription

URR upstream regulatory region, NCR noncoding region
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HPV infects the basal layer of epithelial cells. 
The transformation zone (TZ) (Fig. 32.3) is sus-
ceptible to preneoplastic and neoplastic disease, 
especially at the onset of puberty and later on 
with sexual activity [19], due to basal/reserve 
cell proliferation. The infection of the basal 
stem cells is key to formation of persistent 
lesions [20, 21].

The cellular entry of HPV 16 is mediated via 
interaction of L1 protein with proteoglycans. 
After cellular internalization, L1 is uncoated and 
L2 associated with HPV DNA migrates through 
the Golgi system and endoplasmic reticulum. 
The viral DNA finally reaches the nucleus and 
remains in extrachromosomal episomal form, 
where replication can occur [22].

The initial infection of HPV occurs in basal 
cells of squamous epithelium. There is a phase of 
genome amplification and viral episome mainte-
nance at low copy number [23–25]. In the normal 
viral life cycle, copy numbers of HPV genome 
are about 50–100/basal cell. Within the basal 
layer, the early HPV genes including E1 and E2 
are expressed at low levels [26, 27]. E1 and E2 
genes are required for the initial amplification 
phase [28]. E2 is involved in genome partitioning 
and regulating viral transcription.

During the process of normal epithelial matu-
ration when basal cells divide, the daughter cells 
withdraw from the cell cycle, migrate to the 

suprabasal compartment, and initiate the process 
of terminal differentiation. But, in HPV-infected 
suprabasal cells, the E6 and E7 viral genes induce 
reentry of these cells into S-phase of cell cycle 
[29]. Thus, there is reactivation of the host repli-
cation machinery, which supports viral genome 
amplification [30]. The viral capsid proteins L1 
and L2 are expressed in superficial layers. Viral 
assembly and release of new virions occur from 
the surface epithelium. Thus, the life cycle of 
HPV and time duration for basal layer cells to 
mature, migrate to superficial layers, undergo 
senescence, and die are same, around 2–3 weeks 
[31]. Hence, in such productive infections, the 
viral oncogenes are expressed in compartment 
that is destined to be shed from the cervical 
epithelium.

32.6  HPV and Carcinogenesis

HPV-induced carcinogenesis has been studied in 
context of cervical carcinoma; the mechanisms at 
other sites appear to be similar. The present dis-
cussion is in reference to cervical carcinomas. 
The viral life cycle associated with cervical carci-
nogenesis shows two significant alterations: first, 
the loss of terminal differentiation of keratino-
cytes in the epithelium and, second, integration 
of the viral genome into the host DNA.  The 
ordered viral gene expression is lost in HPV- 
induced neoplasia. The dysregulation of viral 
gene expression is due to alterations in cell sig-
naling induced by changes in the hormonal 
milieu [32] or by epigenetic modifications like 
viral DNA methylation [33]. There is an increased 
level of expression of E6 and E7 proteins, which 
facilitates viral integration in the host chromo-
some. Though the likely site for integration is the 
common fragile site hotspot in the host genome, 
integration is always a chance event. Integration 
leads to disruption of E2, which normally regu-
lates the E6 and E7 abundance. This leads to 
high-level unregulated E6 and E7 gene expres-
sion [34, 35] which leads to unforced accumula-
tion of genetic errors and finally to precancerous 
lesions and cancer [36].

Squamous
epithelium

Columnar
epithelium

TZ (dotted)

Original
SCJ

New SCJ

Fig. 32.3 Transformation zone (TZ, dotted). Region of 
the cervix lined by metaplastic squamous epithelium. 
Area is bound by original squamocolumnar junction 
(SCJ) distally and new SCJ proximally. Area is suscepti-
ble to persistent HPV infections and carcinogenesis due to 
active proliferation of basal/reserve cells
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Integrated HPV 16 sequences are seen in 70% 
of cervical cancers, while all HPV 18 associated 
cancers show integration in host genome [37]. In 
both conditions, long-term overexpression of E6 
and E7 along with accumulation of genetic errors 
is responsible for progression from precancerous 
lesions to cervical cancer.

32.7  Differences in HR-HPV 
and LR-HPV

The differences in the E6 and E7 oncoprotein 
functions of LR-HPV and HR-HPV lead to dif-
ferences in the pathogenesis in the two types. The 
E6/E7 proteins of HR-HPV promote prolifera-
tion of the basal and parabasal cells and an 
increase in lesion size. The E6 proteins in both 
LR-HPV and HR-HPV inactivate p53, but its 
ubiquitination and proteosome-dependent degra-
dation occur in HR-HPV infections only [38–40]. 
The HR-HPV E6 can upregulate the telomerase 
activity. This leads to a maintained telomere 
length during multiple cell divisions [41–43]. 
The LR-HPV and HR-HPV E7 proteins show 
difference in their abilities to bind to retinoblas-
toma protein family. The HR-HPV E7 binds and 
degrades p105, p107, and p103. These proteins 
are involved in the cell cycle entry in the basal 
cell layer (p105 and p107) and upper layers 
(p103) [44, 45]. The LR-HPV E7 has low affinity 
for p105 and p107; however, it can bind and 
degrade p103 [46, 47].

32.8  Host Immune Response

Over 90% of HPV infections are cleared within a 
few years, and nearly half of these are cleared in 
the first 6  months [48, 49]. These are often 
referred to as acute, transient, nonpersistent, or 
cleared infections [50]. These infections estab-
lish within the host successfully, replicate, and 
are cleared by the host immune response.

Certain infections appear to have cleared, and 
the viral genome is not detected due to low levels. 
These are the latent infections. Reactivation of 
such an infection may be triggered later, due to 

immunosuppression [51] or without any obvious 
reason.

Infections where the viral activity is main-
tained and the infection is not cleared are called 
as chronic infections or persistent infections. 
Persistence of infection is defined as detection of 
same HPV type (or the same intratypic variant) 
over a certain period of time. The duration after 
which an infection should be termed as persistent 
is not well defined; however, a duration of mini-
mum 6 months to 1 year is usually chosen [52, 
53]. These infections can potentially develop into 
precancerous and cancerous lesions.

HPV evades the host immune response, which 
leads to persistence and subsequent progression 
of infection. The infection is maintained with a 
low level of gene expression. The infection is 
intraepithelial and does not lead to cell lysis; 
thus, there is no associated pro-inflammatory sig-
nal generation [54]. There is minimal or absent 
cytokine release or Langerhans cell recruitment 
for antigen presentation [55]. Several other 
mechanisms of immune evasion are seen in the 
alpha type HR-HPV. E6 protein of HPV16 inter-
feres with tyrosine kinase 2 function and affects 
STAT signaling [56, 57]. Induction of interferon 
response factor 1 is affected by E7. Both E6 and 
E7 proteins can reduce the surface expression of 
E cadherin. This reduction in E cadherin levels 
results in a reduced number of Langerhans cells 
around the lesion [58–61]. E5 protein of the 
HR-HPV can compromise the MHC-associated 
display of viral particles on epithelial cells [62]. 
Thus, the immune evasion and low-level genome 
expression promote immunological tolerance 
rather than clearance of infection.

Despite these mechanisms, majority of HPV 
infections are successfully resolved. Cell- 
mediated immune response is implicated in 
clearance of infection. The infection leads to sen-
sitization of dendritic cells followed by a T-cell- 
mediated response which stops the viral gene 
expression.

Antibodies to L1 protein can be demonstrated 
6  months after infection [63]. These may be 
detected even after the clearance of HPV infec-
tion [64], and the presence of L1 antibody may 
indicate a past or persistent infection. Almost half 
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of individuals never seroconvert [65], and 
whether naturally induced L1 antibodies have 
protective response against new infections is 
unclear.

32.9  HPV Prevalence

32.9.1  Women Without Cytological 
Abnormalities

The lifetime risk of acquiring HPV infection by 
sexual transmission is 50% [66], and most 
women will acquire a HPV infection at some 
time. A global meta-analysis including publica-
tions from 1999 to 2005 provides the HPV preva-
lence in 157,897 women without any cytological 
abnormalities [67, 68]. Women with any cyto-
logical abnormality (atypical squamous cells of 
undetermined significance ASCUS, low-grade 
squamous intraepithelial lesion LSIL, or higher) 
were specifically excluded from the study. The 
study constituted women visiting referral clinics 
and general population as well. HPV DNA preva-
lence in the cervix was found to be 10.4% (95% 
confidence interval (CI): 10.2–10.7) worldwide. 
HPV prevalence was higher in the less developed 
regions of the world (13.4%; 95% CI: 13.1–13.7) 
as compared to the more developed regions 
(8.4%; 95% CI: 8.3–8.6). The highest HPV prev-
alence was seen in African women (22.1%; 95% 
CI: 20.9–23.4). The Eastern African region had 
the highest rates in Africa (31.6%; 95% CI: 29.5–
33.8). The lowest rates of HPV prevalence are 
seen in Southeastern Asia (6.2%; 95% CI: 5.5–
7.0). Another large-scale population-based sur-
vey showed an overall point prevalence of HPV 
DNA as 10.5% (95% CI: 9.9–11.0). The survey 
included 15,613 women, between the ages 15 and 
74 years [69].

HPV 16 was found to be the commonest HPV 
type across all continents, and the prevalence was 
2.6% (95% CI: 2.5–2.8). The prevalence is higher 
in Northern America (3.5%; 95% CI: 2.8–4.3) 
than in Europe (2.3%; 95% CI: 2.0–2.5). In 
Central America, South America, and Europe, 
HPV 18 was the second commonest type. In 
Africa, the common types are HPV 16 and HPV 

52, followed by HPV 18. While in Asia and 
Northern America, HPV 18 was the fourth com-
monest type. In Asia, the commonest types were 
HPV 16, HPV 52, and HPV 58 and in Northern 
America, these are HPV 16, HPV 53, and HPV 
52. All HPV types other than HPV 16 had a prev-
alence of <1% in Europe, Asia, and Northern 
America. However, in other parts of the world, 
several other HPV types had a prevalence of 1% 
or more [67].

A high prevalence of HPV (up to 30%) is 
observed in young women, which falls in the 
middle age group. A second peak is seen in the 
fourth to fifth decade of life. This rise in HPV 
prevalence can be attributed to acquisition of new 
HPV infections as a result of change in sexual 
activity or reactivation of latent infections [67, 
68].

32.9.2  High-Grade Cervical Lesions

In a large meta-analysis from 38 nations, HPV 
DNA was identified in 85% high-grade squa-
mous intraepithelial lesions (HSILs), ranging 
from 78% in Asia to 95.8% in Oceania. The vari-
ation in estimate of HPV prevalence is explained 
by the difference in quality of the specimens and 
sensitivity of the assays used for HPV detection. 
The detection of various HPV types is however 
less affected by sensitivity of tests utilized. No 
significant differences have been found across 
various laboratories and assays for HPV 16, 18, 
33, and 45 detections. However, detection of 
HPV 31, 35, 52, and 6 is affected by sensitivity 
and specificity of the assay used [70].

HPV 16 was the commonest type detected in 
HSIL prevalence of 45.4% worldwide. The high-
est prevalence was noted in Europe (51.8%; 95% 
CI: 50.1–53.5), while the lowest was 33.3% (95% 
CI: 20.4–48.4) in Oceania. Geographic variation 
in the other common types of HPV was noted. 
The second and third common HPV types were 
worldwide, Africa, and Europe (HPV 31 and 
HPV 33), Northern America (HPV 6 and HPV 
18), Latin America and Caribbean (HPV 58 and 
HPV 18), Oceania (HPV 31 and HPV 18), and 
Asia (HPV 58 and HPV 52) [67, 68].
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32.9.3  Invasive Cervical Cancer

Data from large meta-analysis and pooled studies 
show that HPV 16 and HPV 18 account for nearly 
70% of all invasive cervical carcinomas. The 
other common types besides these were HPV 33, 
45, 31, 58, 52, and 35. In all continents, the third 
to fifth commonest HPV types were HPV 33, 45, 
and 31, while in Asia they were HPV 58, 33, and 
52 [67, 68].

HPV 16 is the commonest type detected not 
only in normal cytology samples but also in HSIL 
and invasive cervical carcinomas including squa-
mous cell carcinomas and adenocarcinomas. 
HPV 18 is the second type, and it dominates in 
the adenocarcinoma group [71]. HPV 45 has a 
prevalence of 2.3% in HSIL and 4.6–5% in inva-
sive cervical cancer. It is interesting to note that 
HPV 45 is uncommon in women without cyto-
logical abnormalities. HPV58 is common in nor-
mal cytology samples and HSILs, while it has a 
lower frequency in invasive cervical cancers.

Adenocarcinomas represent around 16% of all 
cervical cancers [72]. HPV 16 and HPV 18 are 
the commonest types detected. HPV 18 is more 
common in adenocarcinomas as compared to 
squamous cell carcinomas (36.3% in adenocarci-
noma vs. 12.8% squamous cell carcinoma). 
Increasing rates and relative frequencies are 
being reported from developed nations, possibly 
due to lower frequency of detection of precursor 
lesion in cytology-based tests and increased HPV 
exposure [67].

32.10  Infection with Multiple HPV 
Types

The frequency of multiple type HPV infections is 
variable across different geographic regions and 
certain special population groups. These infec-
tions are found in both sexes. In women without 
any cytological abnormalities, single type infec-
tion is more common than multiple type infection 
[69]. The prevalence rates of infection with two 
types of HPV range from 0.2 to 5% in various 
parts of the world, with an overall prevalence of 
1.7%. The infection with three or more types of 

HPV is seen in 0.9% women without cytological 
abnormalities. The highest prevalence of three or 
more HPV infections is seen in Nigeria (3.3%).

The number of HPV types detected increase in 
SILs as compared to women with normal cytol-
ogy. Infection with two or more HPV types was 
detected in nearly 60% of LSILs evaluated in the 
ASCUS/LSIL Triage Study (ALTS) [73]. Ho 
et al. reported infection with two or more HPV 
types in 45% CIN 1 and CIN 2 lesions and 34% 
in CIN 3 lesions [74].

Multiple HPV type infection confers a greater 
risk for untoward outcomes, which is a sum of 
the various types and does not show synergistic 
effects. An increased risk of persistence of infec-
tion is seen in women infected with multiple 
HPV types [75].

A single HPV type is demonstrated in invasive 
cancers; this is in conjunction with the known 
monoclonal development of HPV-induced can-
cers. The presence of multiple HPV types in 
about 4% invasive cancers may be a result of a 
concomitant CIN lesion along with the invasive 
cancer [76].

32.11  HPV Infections in India

A meta-analysis of nine studies from India esti-
mated a 12% prevalence of any HPV type in 
women without cytological abnormalities. The 
prevalence in LSIL, HSIL, and invasive carci-
noma was 65.4%, 86.5%, and 94.6%, respec-
tively [77].

HPV 16 is the commonest type seen in 
70–90% of Indian women with cervical cancer, 
while HPV 18 has been observed in 3–20% [78]. 
HPV 16 has been identified in several regions of 
India and appears to be most ubiquitous. HPV 18 
is shown to be more oncopotent as compared to 
HPV 16, with development of cancerous lesions 
from precancerous lesions in a shorter time [79].

A higher incidence of HPV 56 and HPV 42 
has been reported in IARC surveys from Southern 
Tamil Nadu [80]. HPV 42 is a low-risk type, 
while HPV 56 is high-risk type. A higher preva-
lence of HPV 16 and HPV 18 has been shown in 
Hindus (9.6%) as compared to Muslims (7.5%) 

32 HPV Infection and Gynecological Cancers



424

in rural regions of West Bengal [81]. Male cir-
cumcision appears to play a protective role in the 
Muslim population.

A study from Odisha, Eastern India [82], 
showed an HPV prevalence of 60.33% in 595 
women. HPV prevalence was highest in invasive 
cancer (93.80%) and was 19.11% in women with 
normal cytology. Similar to other studies, the 
commonest HPV type was HPV 16 (87.28%). 
Next, the most prevalent types were HPV18 
(24.56%) and HPV 51 (3.46%). A single HPV 
type infection was seen in 76.58% cases. In cases 
with more than one type of HPV infection, the 
commonest combination was HPV 16 with HPV 
18 (9.4%) followed by HPV 16 with HPV 66 and 
HPV 68 (2.7%). The latter combination was 
commonly observed with inflammatory 
cytology.

The common HPV types reported in women 
from various parts of India are HPV 16 followed 
by HPV 18. However, data from Manipur [83] 
showed a higher prevalence of HPV 18. The 
study found an overall prevalence of HPV infec-
tion in women without cytological abnormalities 
to be 6.70% in Manipur, 11.14% in Sikkim, and 
11.60% in West Bengal. In Manipur, the preva-
lence of HPV 16 was 1.2%, while that of HPV 18 
was higher at 2.1%. In the other two regions, the 
prevalence of HPV 16 was higher than HPV 18. 
A possible explanation is the geographically con-
tiguity of Manipur to Southeast Asia, from where 
HPV 18 may have been introduced. Southeast 
Asian nations like Thailand and the Philippines 
show a higher frequency of HPV 18 despite lower 
HPV prevalence rates [84–86].

A study conducted by Sharma et  al. [87] in 
tribal districts of Madhya Pradesh, Jharkhand, 
and Chhattisgarh showed a high prevalence of 
HPV infection at 12.9%. Majority of these infec-
tions (65%) were with HR-HPV types. HPV 16 
was the commonest type detected (54%). The 
prevalence in different age groups was 6.6% 
(9–12  years), 11.4% (13–17  years), and 19.2% 
(18–25  years). Similar studies with urine sam-
pling technique have reported a significantly 
lower HPV prevalence rate. A 0.85% HPV infec-
tion was reported in 8–13  years and 2.3% in 

13–17  years [88]. A study from New Delhi 
reported a prevalence of 6% in the 17–25-year 
age group [89], while the prevalence in college 
goers in Tamil Nadu was found to be 9.2% [90].

32.12  Cofactors in HPV 
Carcinogenesis

It is well established that the HPV infection is 
necessary but not sufficient for progression to 
cervical cancer. Several endogenous and exoge-
nous cofactors have been identified in various 
epidemiological studies which act together with 
HPV and affect the risk of progression to an inva-
sive malignancy. The important ones are 
described in the following sections.

32.12.1  Noninfectious Cofactors

32.12.1.1  Oral Contraceptive Use
The use of combined hormonal oral contracep-
tive (OC) formulations influences the develop-
ment of preinvasive lesions and cancer in the 
cervix [91]. However, not all epidemiologic stud-
ies have found an association between OC use 
and cervical cancer. Lacey et  al. [92] found an 
odds ratio (OR) of 17.1 for current vs never OC 
users in cases of adenocarcinoma in situ. A study 
from Costa Rica by Hildesheim et al. [93] showed 
a 3.1-fold increase in risk of carcinoma in OC 
users of ≥5  years as compared to never users. 
This association was noted in women with ≤2 
pregnancies, and the study population was small. 
Moreno et al. [94] showed that ever use of OCs 
was associated with cancer risk with an OR of 
1.4. There was no significant increase in the risk 
for up to 4 years of OC use, but there was a strong 
dose-response relationship after 5  years of OC 
use (OR 3.4; 95% CI: 2.1–5.5).

Data elucidating the mechanism of hor-
monal influences on the progression of cervical 
cancer are limited. Steroid hormones are 
thought to increase the expression of E6 and 
E7 oncoproteins and may contribute to carci-
nogenesis [95].
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32.12.1.2  Parity
High parity increases the risk of in situ and inva-
sive cervical cancer. IARC-pooled analysis 
shows a fourfold higher risk of cervical cancer in 
women with ≥7 full-term pregnancies than the 
nulliparous group [94]. Also, a linear increase in 
the risk with an increasing number of pregnan-
cies has been demonstrated [96]. A significant 
increase in the risk for adenocarcinoma in women 
with ≤2 full-term pregnancies was also seen. 
This did not show a linear relation with parity 
[94]. An increase in the risk of HSIL/cervical 
cancer was seen with an increased number of live 
births [93].

Repeated pregnancies maintain the TZ on the 
ectocervix for prolonged duration [97]. The pres-
ence of TZ on ectocervix facilitates exposure to 
HPV and other cofactors. Hormonal changes like 
elevated estrogen and progesterone levels seen in 
pregnancy may influence the persistence and 
clearance of HPV infection [96, 98].

32.12.1.3  Tobacco Smoking
Smoking shows a significant association with cer-
vical cancer. The ORs for HPV-positive smokers 
range from 2 to 5. Kjaer et al. reported a twofold 
increase in the risk of SIL or ASCUS in current 
and former smokers as compared to never smok-
ers [99]. Olsen et al. showed a 4.6-fold increased 
risk of CIN 2/3 among smokers [100]. A study 
from Sweden demonstrated an approximately 
twofold increase in the risk for carcinoma in situ 
in both former and current smokers as compared 
to never smokers. Both groups were matched by 
HPV status [101]. Pooled data analyzed from 
eight case-control studies showed twofold higher 
risk for cervical cancer in reformed and current 
smokers [102]. Increasing exposure to tobacco, 
estimated with intensity, duration, and pack years, 
increases the risk of invasive cancer.

Prospective studies have demonstrated that 
smoking alters the natural history of HPV infec-
tions. Giuliano et al. showed a lower probability 
of clearance and longer duration of HR-HPV 
infections in smokers [103]. Higher incidence of 
persistent HPV infections has been shown in cur-
rent smokers [104].

The chemical carcinogens from tobacco may 
have a mitogenic effect leading to DNA dam-
age. Cervical mucus of smokers shows nicotine 
and other tobacco-related carcinogens [105]. 
Tobacco can affect the local host immune 
response against viral infections [106]. A reduc-
tion in number of Langerhans cells has been 
seen in smokers.

32.12.1.4  Other Cofactors
Other cofactors in cervical carcinogenesis 
include micronutrient deficiencies, genetic sus-
ceptibility, and human leukocyte antigen (HLA) 
polymorphisms. Deficiencies of vitamins and 
micronutrients have been evaluated as cofactors. 
Familial studies show familial clustering and 
moderately increased risk of in situ and invasive 
cervical carcinoma among women who had a 
first- or a second-degree relative with cervical 
cancer. These reports cannot separate the effect 
of genetic susceptibility from the effects of com-
mon environmental and behavioral traits in the 
family members. Several allele groups in HLA 
class II have been identified that confer the risk of 
cervical cancer including DRB1*11, DRB1*15, 
and DQB1*06, while some can protect against 
the development of cervical cancer, like 
DRB1*13 and the DRB1*13–DQB1*06 haplo-
type [6].

32.12.1.5  Infectious Cofactors
Coinfection with other sexually transmitted 
infections like Chlamydia trachomatis has been 
inconsistently linked with the risk of progression 
to cancer. Safaeian et al. did not find any associa-
tion between chlamydia infection in HPV- 
positive women and the risk of preneoplastic 
lesions [107], while Zhu et al. [108] report a sig-
nificant increase of cervical cancer risk associ-
ated to C. trachomatis.

HIV can induce progression of HPV infec-
tion to cancer; this is mediated by the immuno-
suppression seen in active HIV infection. 
Women on anti-retroviral therapy have a lower 
risk of acquisition of HR-HPV types and lower 
incidence of intraepithelial lesions and their 
progression [109].
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32.13  HPV Infection 
and Gynecological Cancers

32.13.1  Cervical Cancer

Cervical cancer is the fourth most common can-
cer of women in the world and second most com-
mon cancer in the 15–44-year age group. In the 
year 2012, 528,000 new cervical cancer cases 
and 266,000 cervical cancer-related deaths were 
reported [110]. Most cases (85%) and associated 
cancer deaths (87%) occur in the less developed 
nations [110].

India contributed to 25% of global cervical 
cancer burden in 2000. Cervical cancer ranks 
second among all malignancies affecting Indian 
women. India harbors a large at-risk population 
above the age of 15 years [111].

The development of cervical cancer begins 
with a HR-HPV infection, followed by persis-
tence of the infection at the transformation zone, 
development of precancerous lesions, and pro-
gression to invasive cancer. The precancerous 
lesions have been categorized by a three-tier 
system into cervical intraepithelial neoplasia 
(CIN) 1, 2, and 3 depending on the severity of 
the lesion. They can also be categorized into 
low-grade and high-grade squamous intraepi-
thelial lesions (SILs). The two-tier system is 
now recommended, as it is consistent with our 
understanding of HPV biology and is more 
reproducible [112].

The LSIL/CIN 1 (Fig. 32.4a) lesions typically 
regress and do not have the risk of progression to 
cancer. LSILs show proliferation of squamous 
cells with increased nuclear to cytoplasmic ratio 

Fig. 32.4 LSIL/CIN 1. (a) The lower third of the epithe-
lium showing nuclear enlargement, nuclear membrane 
irregularity, and increased nucleocytoplasmic ratio (H&E 

stain ×200). (b) Typical koilocytic change with nuclear 
hyperchromasia, nuclear membrane irregularity, and a 
well-defined perinuclear halo (BD Sure Path, ×400)
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(n:c ratio), increased nuclear size, and irregular 
nuclear membrane. This proliferation is limited 
to basal−/parabasal-like cells and lower one- 
third of the epithelium. Cytoplasmic maturation 
is seen in upper layers. Mitotic figures can be 
seen in the lower one-third of the squamous epi-
thelium. The characteristic viral cytopathic 
change of nuclear hyperchromasia, nuclear mem-
brane irregularity, and a well-defined perinuclear 
halo is seen. This is known as kilocytosis, koilo-
cytic atypia, or HPV cytopathic effect 
(Fig. 32.4b).

HSIL or CIN 2/3 (Fig. 32.5) have a signifi-
cant risk of progression to invasive carcinoma 
if not treated. Proliferation of squamous or 
metaplastic squamous cells which show high 
n:c ratio, increase in nuclear size and nuclear 
membrane irregularity  is seen. Mitotic figures 
are seen in all layers of squamous epithelium, 
and atypical mitosis is not uncommon. These 
lesions show similar HPV profile as invasive 
carcinomas.

The further progression of HSIL to invasive 
carcinoma is a slow process and may take 
decades. The carcinogenic events occur at trans-
formation zone near the squamocolumnar junc-
tion (Fig.  32.6) and can be readily detected by 
cytological examination.

32.13.2  Vaginal Cancer

Vaginal carcinomas are rare gynecological malig-
nancies and account for 2% of all gynecologic 
cancers [2]. Majority of these occur in the less 
developed countries. Squamous cell carcinoma is 
the most common invasive cancer in the vagina. 
The median age of diagnosis is 68 years, with 70% 
cases diagnosed over 50 years of age. Majority of 
vaginal SCC (70%) are associated with HR-HPV, 
similar to the cervix. HR-HPV DNA is detected in 

Fig. 32.5 HSIL/CIN 
2/3. The entire thickness 
of the epithelium 
showing nuclear 
hyperchromasia, nuclear 
enlargement, and 
increased nuclear 
cytoplasmic ratio (H&E 
stain ×200)

Fig. 32.6 Carcinogenesis at TZ.  The metaplastic squa-
mous epithelium with underlying glands having columnar 
lining. HSIL involving the glands at the TZ
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91% high-grade precursor lesions (vaginal intraep-
ithelial neoplasia (VaIN) 2/3). HPV16 is the com-
monest type detected in both high-grade 
precancerous lesions and invasive carcinomas [2].

32.13.3  Vulvar Cancer

Vulvar carcinomas are rare tumors and constitute 
4% of all gynecological malignancies worldwide. 
Nearly 27,000 new cases were diagnosed in the 
year 2008 [2]. Squamous cell carcinoma is the 
most common vulvar cancer, and it has two dis-
tinct histological patterns: (1) basaloid/warty 
types and (2) keratinizing types. Both of these 
show a different risk factor profile. The former is 
common in young women and often associated 
with HR-HPV (75–100%). Their risk profile is 
similar to cervical cancer. These are often found 
adjacent to vulval intraepithelial neoplasia (VIN). 
High-grade VIN (VIN 2/3) shows HPV DNA in 
85.3% cases. HPV 16 and HPV 33 are the com-
monest types detected. Keratinizing vulvar carci-
nomas are more common (>60% cases) and occur 
in older women. These are rarely related to HPV 
(only 6% cases). These lesions develop in the set-
ting of chronic vulvar dermatoses like lichen scle-
rosus and lichen planus; the precursor lesion is a 
non-HPV-related, differentiated type VIN.

32.14  HPV Detection

The cytopathic effect of HPV infection can be 
seen on cytological/histological examination, 
which can be further confirmed by serology and 
molecular tests. The molecular techniques have 
an advantage of being more accurate and are 
helpful in subtyping the infection [113]. The 
material for molecular techniques can be retrieved 
from the cell block or samples sent for sure path 
or thin prep. There are three molecular methods 
to detect HPV, which can be classified on the 
basis of primary technique used:

 1. Nucleic acid hybridization technique
 2. Signal amplification technique
 3. Nucleic acid amplification technique [114]

The hybridization techniques include Southern 
blot, in situ hybridization, and dot blot hybridiza-
tion. Their advantages are low cost and ease of 
availability. The disadvantage is low sensitivity 
and  requiring high DNA load. It is a time- 
consuming procedure and other methods pre-
ferred [113].

The Food and Drug Administration (FDA) 
have approved two different techniques [115] for 
HPV detection by signal amplification 1: Hybrid 
Capture® 2 and Cervista®. In Hybrid Capture 2, 
the signal amplification is done through hybrid-
ization of target HPV DNA to RNA-labeled 
probes [116]. It can detect 13 HR-HPV subtypes 
and 5 LR types [115]. Cervista also follows the 
similar principle and can detect HR-HPV types. 
It is more sensitive and specific for detecting 
HPV 16/18 [117, 118].

There are various nucleic acid amplification 
techniques which utilize heat-stable DNA poly-
merases to amplify the known sequences of 
interests. These techniques are more reliable 
and have high sensitivity and specificity [119]. 
The advantage is it can amplify partially degen-
erated DNA fragment’s which are not useful in 
other techniques. The NA amplification tech-
niques are more helpful in detecting multiple 
infections, can estimate viral load on real time, 
and are more reproducible [120]. Various tech-
niques for HPV detection are shown in 
Table 32.3 [121].

Table 32.3 Molecular techniques to detect HPV

NA 
hybridization 
technique

Signal 
amplification 
techniquea

NA amplification 
techniquesa

Southern blot Hybrid Capture 
2

Real-time PCR-
based: Cobas 4800 
HPV test and Abbott 
RealTime

Dot blot Cervista mRNA-based 
transcription-
mediated 
amplification tests: 
APTIMA HPV test 
and APTIMA HPV 
16, 18/45 test

In situ 
hybridization

aApproved by the FDA
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32.15  HPV Vaccination

According to WHO, the primary prevention of 
cancers can be done by restricting the HPV virus 
during the early period of a woman’s life [122]. 
The secondary preventions can be done by 
screening methods and treating the precancerous 
lesions. Palliative treatment and cancer treatment 
are required for women with higher stage of 
disease.

FDA has approved bivalent and quadrivalent 
vaccines for HPV prevention, and both of these 
are available commercially [123]. Bivalent vac-
cine (Cervarix) protects against HPV 16/18, 
and quadrivalent vaccine (Gardasil) protects 
against HPV 16/18/6/11. These vaccines are 
recommended for girls in the age group 
11–12 years and for women in the age groups 
13–26  years if they have not been vaccinated 
previously [124]. Quadrivalent vaccine is also 
recommended for men in 22–26-year age group 
if they are immunocompromised or are gay, 
bisexual, and transgender who were not vacci-
nated previously. Persons allergic to latex and 
yeast are contraindicated for bivalent and quad-
rivalent vaccinations, respectively. The protec-
tion provided by these vaccines is effective for 
10 years [124].

Two doses (0, 6–12 months) of these vaccina-
tions have been recommended for females 
<15 years. The second dose is given between 6 
and 12 months after the first dose. For females 
older than 15 years, three dose schedules are rec-
ommended (0, 1–2, 6  months), i.e., the second 
dose is given 1–2 months after the first dose and 
the third dose is given at 6 months [123] of the 
first dose. The idea is keeping a minimum gap of 
5 months between the first and last doses in biva-
lent vaccination. Similarly, a gap of 4–5 months 
is recommended between the second and third 
doses where the second dose can be given after 
3–4 weeks of the first dose [123].

Protection against additional five HPV viruses 
can be done through nano-valent vaccine 
(Gardasil 9) approved by the FDA recently [125]. 
The recommendation for dosing and age groups 
are similar to quadrivalent vaccines. 

32.16  Conclusion

Human papilloma viruses (HPVs) are sexually 
transmitted, double-stranded oncogenic DNA 
viruses, and HPV infections account for approxi-
mately 5% of all malignancies worldwide. They 
are responsible for causing almost all cervical 
carcinomas and a significant proportion of other 
anogenital carcinomas (vulvovaginal, anal, penile 
carcinomas) and oropharyngeal carcinomas. 
Most HPV infections are cleared within 
6–12 months by the cell-mediated host immune 
response. A small proportion of infections that 
persist can develop into preinvasive lesions and 
finally can progress to malignancy. The cofactors 
for persistence and progression of infection are 
smoking, parity, hormonal influences, and other 
sexually transmitted infections like HIV.  There 
are now many tests commercially available for 
detection of HPV.  Primary prevention of HPV 
infection through vaccination of young girls and 
screening and treatment of preinvasive lesions 
can help to bring down the burden of disease.

Key Points

• HPV infections account for approximately 5% 
of all malignancies worldwide.

• Majority of HPV infections are successfully 
resolved through cell-mediated immune 
response of the host. The infection leads to 
sensitization of dendritic cells followed by a 
T-cell-mediated response that stops the viral 
gene expression.

• The lifetime risk of acquiring HPV infection by 
sexual transmission is 50% [66], and most women 
will acquire a HPV infection at some time.

• The cofactors for persistence and progression 
of HPV infection are smoking, parity, hor-
monal influences, and other sexually transmit-
ted infections like HIV.

• The important methods to detect HPV are 
nucleic acid hybridization, signal amplifica-
tion, and nucleic acid amplification technique.

• FDA has approved bivalent, quadrivalent, and 
nonavalent vaccines for HPV prevention, and 
all of these are available commercially.
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Advances in Colposcopy

Bindiya Gupta

The science of today is the technology of 
tomorrow

33.1  Introduction

Colposcopy helps in identification of abnormal-
ities of the lower genital tract (cervix, vulva, 
and vagina) by using principles of magnifica-
tion (3–15 times) and illumination. Various 
stains like acetic acid, Lugol’s iodine, toluidine 
blue, etc. are used to identify the abnormalities. 
It helps to identify the color of the epithelium, 
the surface contour, and vasculature both before 
and after application of the various stains. It 
can be a binocular colposcope mounted on a tri-
pod with a light source and mirror or a modern-
day video colposcope which has a zoom 
capacity and photographic, video, and analytic 
facilities [1].

Colposcopy is not a screening tool, rather it’s 
a diagnostic tool to confirm the presence of pre-
cancerous or cancerous lesions once a screening 
test is positive. It can also be done in situations 
when the cervix is looking abnormal or there is a 
history of postcoital bleeding.

The accuracy of diagnosis in colposcopy has 
interobserver and intraobserver variability and 

depends on operator skill and experience. Among 
experienced colposcopists, the level of agree-
ment is higher with high-grade lesions compared 
to diagnosing low-grade disease. In meta- analysis 
by Mitchell et  al. in 1998, the sensitivity and 
specificity of colposcopy for CIN2+ disease were 
96% and 48%, respectively [2]. For the threshold 
normal cervix compared with all abnormalities, 
the area under the curve (AUC) was 0.80, while 
for the threshold normal cervix and low-grade 
SIL compared with high-grade SIL and cancer, 
the AUC was 0.82.

Another systematic review by Hopman EH 
et al. showed a positive predictive value of a col-
poscopy for CIN3 as 78% [3]. Baseline colpos-
copy could only identify 54% CIN3+ in women 
with ASCUS or 56% of CIN3+ cases diagnosed 
in women with low-grade squamous intraepithe-
lial lesions in the ALTS trial [4]. In a systematic 
review of colposcopy-directed punch biopsy, the 
pooled sensitivity for a punch biopsy to diagnose 
CIN2+ disease was 91.3% (95% CI 85.3–94.9%), 
and the specificity was 24.6% (95% CI 16.0–
35.9%) [5].

Various new technologies have been intro-
duced to improve the diagnostic accuracy of col-
poscopy, and they will be discussed in this 
chapter. Not only the adjunct use of technology 
but portable user-friendly devices have been 
developed which have increased the provision of 
colposcopy in remote areas.
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33.2  Spectroscopy

33.2.1  Dynamic Spectral Imaging 
System (DySIS)

DySIS (DySIS Medical Ltd., Livingston) is a 
digital video colposcope that uses dynamic spec-
tral imaging to measure the rate, extent, and dura-
tion of acetowhitening of cervical epithelium. 
This serves as a guide to identify the area to be 
biopsied [6]. It measures the effect of application 
of acetic acid on every image pixel of the cervix 
by kinetic mapping of the cervix. A colored grad-
ing of the acetowhite change (or DySISmap) is 
superimposed on a live color image of the cervix 
which helps to determine the presence and grade 
of a neoplastic lesion and thereby select the site 
for biopsy [7].

The patient has to remain still at the time of 
DySIS colposcopy and examination, and the time 
taken for this takes slightly longer than that of a 
standard colposcopy. According to a study, 
almost one third of women felt less discomfort 
during Pap smear than DySIS, and 6.5% of 
women felt that DySIS colposcopy was more 
time consuming [8]. It is used in NHS, United 
Kingdom, and it is recommended that colposco-

pists should perform 20 examinations to become 
familiar with the use of DySIS and interpretation 
of its findings. Various studies on efficacy of 
DySIS taking CIN2+ as cutoff are summarized in 
Table  33.1. In a systematic review, it was seen 
that DySIS treatment options are more cost- 
effective than colposcopy alone [14].

33.2.2  LuViva Advanced Cervical 
Scan (Guided Therapeutics, 
Norcross)

It uses multimodal hyperspectroscopy (MHS) 
and analyzes fluorescence and reflectance spectra 
from the cervix. The emitted and reflected light is 
measured which is determined by the characteris-
tics of the epithelium such as nuclear density, 
thickness, and neovascularization. The metabolic 
alterations that occur in dysplastic tissue are also 
analyzed [15]. The results are available in about a 
minute. The learning curve for the procedure is 
small, and it takes only about 2–3  weeks of 
 training to use the machine. It is currently under 
US Food and Drug Administration premarket 
approval review. Besides an adjunct to colpos-
copy, it has a potential to be used as a screening 

Table 33.1 Evidence for accuracy of DySIS

Studies Sensitivity Specificity Others
Soutter et al. [9]; 
(DySIS vs colposcopy)

79% (95% CI; 68–88) for 
DySIS and 49% (95% 
CI; 37–61) for 
colposcopy

PPV for DySIS was 50% versus 
conventional colposcopy was 58%. 
DySIS detected 62.9% more 
high-grade cases than colposcopy 
(p = 0.0001)

Louwers et al. [10]; 
(DySIS vs conventional 
colposcopy)

DySIS colposcopy was 
79% (95% CI 70–88); 
55% (95% CI 44–65) for 
colposcopy alone

DySIS colposcopy was 
77% (95% CI 69–86); 
85% (95% CI 77–92) 
for colposcopy

The PPVs for DySIS and 
conventional colposcopy 76%

Roensbo et al. [11]; 
(DySIS colposcopy with 
histology as gold 
standard)

32.4% 83%

Coronado and Fasero 
[12]; (DySIS map with 
histology as reference 
standard)

84% 89%

Zaal et al. [13]; (DySIS 
colposcopy with 
histology and HPV 
testing)

CIN2+/HPV 16 +ve: 
97%; CIN2+/high-risk 
HPV +ve (nonHPV 16) 
74%

B. Gupta



437

device since results for guiding management are 
immediately available. The accuracy of the 
device for the detection of CIN2 or greater is 
summarized in Table 33.2.

33.2.3  LUMA Cervical Imaging 
System

It is a non-contact optical imaging device that has 
been approved by FDA in 2006 for supplementing 
colposcopy as a diagnostic modality. It uses a com-
bination of fluorescence spectroscopy, white- light 
diffuse reflectance spectroscopy, and video imaging 
for scanning the tissue which is completed in 12 s. 
Optical sources used are a 337  nm UV nitrogen 
laser to induce fluorescence and two xenon flash 
lamps [20, 21]. In a prospective, randomized con-
trolled trial, using LUMA imaging with colposcopy 
increased the rate of true positives by 25% for 
women with atypical squamous cell or low-grade 
squamous intraepithelial lesions on Pap smear [22].

33.2.4  Trimodal Spectroscopy

As it uses a combination of intrinsic fluorescence, 
diffuse reflectance, and light scattering, it is a 
superior tool for the detection of precancer and 

cancer. However, the complexity and the cost of 
this multifunctional equipment are high. In a 
study by Georgakoudi et  al., the sensitivity for 
high-grade and low-grade CIN compared with 
histopathologically proven normal cervices was 
92%, with a specificity of 71% [23].

33.2.5  Electrical Impedance 
Spectroscopy, Zedscan™ 
(Zilico Ltd., Manchester)

It maps the impedance profile of cervical epithe-
lium and thus helps in directing the site of biopsy. 
The Zedscan is held against the squamocolumnar 
junction after acetic acid application at 10 points 
which are pre-designated. A small amount of cur-
rent is then passed through the 5.5 mm diameter 
tip. The device measures the resistance of the tis-
sue which depends on the capacitance of cell 
membranes and extra- and intracellular spaces. 
Zedscan is done prior to colposcopy and helps in 
guiding the site for biopsy which is taken from 
the area with abnormal signals.

In a study by Tidy et  al., including 474 
women, PPV increased with Zedscan from 54% 
(95% CI 45–62) to 67% for predicting high-
grade CIN (p = 0.0006) [24]. In their study using 
the presence of disease as reference standard 

Table 33.2 Studies on LuViva TM

Studies Sensitivity Specificity Others
Ferris et al. [16] 95% 83% Sensitivity was increased from 72% with 

conventional cytology at the time of 
colposcopy to 97% for LuViva for a 
matched specificity of 70%

DeSantis et al. [17] 95% (95% CI; 92–99) 55% (95% 
CI; 69–81)

Winter and Sternfield 
(2012; unpublished)
(LuViva), used in 
combination with an 
HPV test

LuViva combined with HPV 
testing produced both a 
sensitivity and negative 
predictive value of 99%

83% Could safely reduce the number of 
unnecessary colposcopies by 33%

Twiggs LB [18] 
(LuViva), used 
without an HPV test

91% 39%

Flowers et al. (2012; 
unpublished) [19]

60% 88% This compared favorably with the 
performance of cytology, which had a 
surprisingly poor sensitivity (20–35%) but 
higher specificity (90–95%)
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(colposcopy+ biopsy) for CIN2/CIN3, sensitiv-
ity and specificity were 92% and 51.6%, respec-
tively. Various other studies to identify CIN2+ 
lesions using first- and second-generation proto-
types have reported sensitivity ranging from 73 
to 75% and specificity of 43 to 63% [25–27].

33.2.6  TruScreen® (Polartechnics Ltd., 
Sydney)

It is a hybrid optoelectronic device that measures 
the response to optical and electrical stimulation 
of the cervix and returns a screening result in real 
time. It is a portable device, which is placed in 
contact with different predetermined points on 
the cervix. Electrical decay curves combine 
information from reflected light from four dis-
crete visible and infrared wavelengths. This real- 
time device can be used as an adjunct to cervical 
cytology and colposcopy [28].

In a study by Singer et  al., sensitivity for 
CIN1+ detection increased in comparison to 
cytology (67% vs. 45%), but there was loss of 
specificity. The sensitivities for histologically 
confirmed CIN2 and CIN3 lesions by TruScreen, 
Pap, and TruScreen and Pap combined were 70% 
(95% CI 67–74), 69% (CI 65–72), and 93% (CI 
91–95), respectively [29].

33.2.7  Niris (Imalux Corporation, 
Cleveland)

The technique used is called optical coherence 
tomography which utilizes near-infrared light to 
detect small changes in refraction between intra-
cellular structures in about 2 min. Niris visualizes 
tissue microstructure to a depth of 1.6 mm which 
is similar to the precision of histopathology and 
helps in determining the site of biopsy. The pro-
cedure can be learnt within a couple of hours.

There is insufficient evidence to use Niris as 
a colposcopic adjunct as two studies on Niris 
have shown increased specificity for CIN2+ 
disease but with a significant loss of sensitivity 
which is similar to visual inspection with acetic 
acid [30, 31].

33.3  Digital Imaging

Digital imaging colposcopy has been developed 
to characterize colposcopic features that predict 
histological grade. The specific areas can be 
enlarged, enhanced, or measured using image 
processing techniques [32]. Images can be stored 
and retrieved for comparison at future visits or 
for consultation with expert colposcopists. The 
main advantage of these systems allows an ele-
ment of operator independence and that less 
experienced people can perform colposcopy. The 
images stored can even be sent across other expe-
rienced colposcopists, i.e., telecolposcopy.

33.4  Potential for Future 
Diagnostic Techniques

33.4.1  Mueller Polarimetric 
Colposcope (MPC)

Polarimetric imaging enables the detection and 
quantification of modifications of the collagen 
fibers in the uterine cervix due to the develop-
ment of a precancerous lesion using changes in 
the polarity indices of light. It is a noninvasive 
technique in which wide-field images (up to 
20 cm2) are obtained without tissue contact and 
use of chemical products and low-cost white- 
light sources are used such as LEDs or halogen 
lamps [33]. In CIN, thick tissue causes scattering 
of light and increased absorption and hence 
decreases depolarization power [34]. It has only 
one in vivo study in normal cervix and large stud-
ies are still awaited. Ex vivo studies have shown 
optimized values of sensitivity and specificity of 
about 83% for HSIL diagnosis [35].

33.4.2  Confocal Endomicroscopy

Confocal endomicroscopy technique utilizes 
optical sectioning for acquiring high-resolution 
images with depth selectivity [36]. When images 
are viewed at such depth, the morphology of the 
tissue can be seen clearly, and dysplastic changes 
can also be appreciated with high sensitivity 
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(approximately 97%). Training required for con-
focal endomicroscopy is greater than that 
required for conventional colposcopy. The speci-
ficity for predicting low-grade lesions is 80% and 
for CIN2/3 is 93% [37].

33.5  Portable Point of Care 
Colposcopes

These are simple, handheld, user-friendly porta-
ble devices that need minimal technical 
maintenance.

33.5.1  AV Magnivisualizer

It is a low-cost illumination and magnifying device 
which was indigenously developed at the Institute 
of Cytology and Preventive Oncology, Delhi, and 
launched by Indian Council of Medical Research 
[38]. The instrument has an inbuilt light source 
using halogen bulb of 100 W with interchangeable 
magnifying lenses (1+, 2+, 3+ diopter) (Fig. 33.1). 
It uses a 12 V rechargeable battery and can be used 

by both physicians and paramedics. Parashari 
et  al. compared magnivisualizer with histology 
and concluded that the sensitivity of AV 
Magnivisualizer was 57.7% to detect low-grade 
lesions vs. 75.3% for cytology but similar for high-
grade lesions. The specificity of the magnivisual-
izer was 94.3% vs. 99% with cytology [39]. Singh 
et  al. compared the magnivisualizer with colpo-
scope in 659 symptomatic women and concluded 
that sensitivity to detect CIN2 and higher lesions 
was 88.3% versus 86.7% that of colposcopy, while 
the specificity to detect CIN2 and higher lesions 
was significantly higher with the colposcope 
(90.4% versus 55.8%) [40]. Aggarwal et  al., in 
their study, found higher sensitivity (95% versus 
86%) and comparable specificity (78% versus 
79%) of magnivisualizer versus colposcope to 
detect high-grade lesions [41].

33.5.2  Gynocular

Gynocular is a pocket-size monocular colpo-
scope, handheld, lightweight (480  gm), and 
measures 50 × 33 × 166 mm (Fig. 33.2a, b). The 
magnifications are of 5×, 8×, and 12× and focal 
distance of 300  mm. It uses warm white LED 
illumination and has a green filter. It is powered 
by a rechargeable lithium-ion battery and has a 
smartphone adapter (T2D) software for record-
ing the results. Various studies have shown the 
moderate to good agreement between colpo-
scope and Gynoculars (weighted kappa 0.65–
0.998) [42, 43].

33.6  Conclusion

Traditional colposcopy has its limitations of 
operator dependence and inter- and intraobserver 
variability. To counteract these, new technologies 
using spectroscopy (reflectance, electrical imped-
ance, and fluorescence), digital imaging, etc. 
have been introduced to improve the accuracy of 
traditional colposcopy. Moreover, to increase the 
availability of screening and diagnosis in remote 
areas, portable devices like Gynoculars and 
Magnivisualizer have been developed.Fig. 33.1 AV Magnivisualizer

33 Advances in Colposcopy



440

Key Points
• The sensitivity and specificity of colposcopy for 

CIN2+ disease are 96% and 48%, respectively, 
and have interobserver and intraobserver vari-
ability. Hence newer devices that use advance 
technologies of spectroscopy, etc. are being 
developed to overcome these limitations.

• DySIS (DySIS Medical Ltd., Livingston) is a 
digital video colposcope that measures the rate, 
extent, and duration of acetowhitening of cervical 
epithelium to guide the colposcopist to the site of 
biopsy by using dynamic spectral imaging.

• LuViva Advanced Cervical Scan (Guided 
Therapeutics, Norcross) uses multimodal 
hyperspectroscopy (MHS) and identifies met-
abolic alterations in dysplastic tissue. It pro-
vides a real-time objective result obviating the 
need for a tissue biopsy.

• LUMA Cervical Imaging System scans tissue 
with a combination of fluorescence spectros-
copy, white-light diffuse reflectance spectros-
copy, and video imaging.

• Zedscan provides an objective assessment of 
the impedance profile of cervical epithelium 

at the point of measurement and guides the 
colposcopist to the site of biopsy, while 
TruScreen is a hybrid optoelectronic device.

• Digital imaging colposcopy has been devel-
oped to characterize colposcopic features that 
predict histological grade. The specific areas 
can be enlarged, enhanced, or measured using 
image processing techniques.

• Simple, handheld, user-friendly portable 
devices like Gynoculars and AV 
Magnivisualizer have been developed as an 
alternative to colposcopes that need minimal 
technical maintenance.
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Update on HPV Vaccination

Anshul Grover

34.1  Introduction

Human papillomavirus is a sexually transmitted 
virus responsible for cancer of the cervix, vagina, 
vulva, anus, penis, oral cavity, and oropharynx. It 
also is the causative agent for anogenital warts 
[1]. There are about 40 different serotypes of 
HPV, which are further divided into high-risk and 
low-risk types. The high-risk HPV serotypes 
include 16, 18, 31, 33, 45, 52, and 58. HPV types 
16 and 18 are responsible for 70% of all cervical 
cancer, 90% of anal cancer, 40% of vaginal and 
vulvar cancers, 50% of penile cancer, and 35% of 
oropharyngeal cancers [2]. Ninety percent of 
anogenital warts are caused by low-risk HPV 
serotypes 6 and 11 [1].

Vaccines against HPV were developed with 
the aim to reduce the burden of HPV-related dis-
eases and to provide protection from cervical 
cancer. The vaccine development was initiated in 
parallel, by researchers at Georgetown University 
Medical Center and the University of Rochester 
in the United States, the University of Queensland 
in Australia, and the US National Cancer Institute. 
Since its advent and FDA approval in 2006 [3, 4], 
the HPV vaccine has emerged as a game changer 
in the prevention of cervical cancer. As of the 

year 2017, it has been approved for use in the 
routine immunization program for girls in 71 
countries [5].

34.2  Human Papillomavirus 
Vaccine

The HPV vaccines are composed of hollow virus- 
like particles commonly referred to as virus-like 
particles (VLP). These are recombinant HPV 
coat proteins known to generate a virus- 
neutralizing antibody response that is claimed to 
prevent initial infection with HPV types. The 
HPV virus is a double-stranded DNA virus, 
which has an outer shell made up of 72 capso-
meres; these capsomeres are made up of L1 and 
L2 protein molecules which provide it the capa-
bility to affect the skin and the mucous mem-
branes. The vaccines are developed using 
recombinant DNA technology to produce L1 
major capsid protein of HPV in yeast 
Saccharomyces cerevisiae. These empty shells 
lack the genetic material essential for expression 
of the virus in the cells. The vaccine uses these 
VLPs as antigens to produce a strong antigenic 
response [5].

The two vaccines available before 2014 were 
the bivalent and quadrivalent HPV vaccine. The 
bivalent vaccine is made up of a combination of 
L1 proteins of HPV serotypes 16 and 18 with 
ASO4 as adjunct. It has shown to have an effi-
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cacy of 90% in HPV type 16- and 18-related CIN 
2/3 and AIS at 15-month follow-up in various 
clinical trials [6]. Whereas the quadrivalent vac-
cine is a combination of L1 proteins of HPV 
serotypes 6, 11, 16, and 18 with an aluminum- 
containing adjunct. Clinical trials have reported a 
100% efficacy at a median follow-up at 1.9 years 
against HPV serotype 16- and 18-related CIN 2/3 
and AIS. It also provides protection against geni-
tal warts associated with HPV serotypes 6 and 11 
[7]. Since its approval by the FDA, reports pub-
lished as early as 3 years of its use have shown a 
beneficial effect in reducing the incidence of ano-
genital warts and the prevalence of the vaccine 
HPV types in high-grade lesions [8–11].

34.3  Nonavalent Vaccine 
(9-Valent Vaccine)

Studies on invasive cervical cancer conducted all 
over the world have reported that the HPV types 
responsible for it other than the 16 and 18 sero-
types are HPV types 31/33/45/52/58. These high- 
risk HPV types are responsible for 90% of 
invasive cervical cancer and intermediate precur-
sor lesions of cervical cancer classified as CIN 2 
and AIS. Persistent infection with these serotypes 
is responsible for the maximum risk of develop-
ing CIN 3 or cervical cancer. After the success of 
the quadrivalent vaccine, the next task was to pre-
vent the development of cervical cancer by the 
next common oncogenic HPV serotypes—HPV 
31/33/45/52/58 [12–14]. On December 10, 2014, 
the FDA licensed the 9-valent vaccine for use in 
girls 9–26 years and boys aged 9–15 years. The 
second generation of vaccine is also prepared 
from purified L1 structural proteins that self- 
assemble to form HPV type-specific empty shells 
or virus-like particles.

In the phase III trial of the vaccine, it was 
inferred that the efficacy of the vaccine was 96%. 
The trial also commented on non-inferiority of the 
quadrivalent vaccine against HPV serotype 
6/11/16/18 [15]. The French EDiTH studies 
showed that the nonavalent vaccine provides an 

additional benefit of preventing 33% of CIN 2/3, 
invasive cervical cancer by 15%, LSIL by 12%, 
and anal cancer by 10% [16–19]. There was no 
additional benefit in the prevention of genital 
warts and oropharyngeal cancer. The limited ben-
efit to oropharyngeal cancer and genital warts is 
explained by the fact that these are exclusively 
associated with HPV types which are also tar-
geted by bivalent and quadrivalent vaccine. The 
study conducted by Riethmuller et al. published 
in 2015 suggested that development of nonavalent 
vaccine could target 77% and up to 90% of all 
CIN 2/3 cases. This would directly reduce the cost 
related to management of these lesions and reduce 
the number of conization procedures [20]. An 
international manufacturer funded clinical trial of 
>14,000 women aged 16–26 years who received 
three doses of 9-valent vaccine and were followed 
up for 6  years. This trial inferred that the inci-
dence of cervical, vulval, and vaginal disease 
associated with additional HPV types was reduced 
by 97% in those who received this vaccine. There 
was also decline in the number of cervical biop-
sies performed in this subgroup of women [21].

The Advisory Committee on Immunization 
Practices recommends similar dosing schedules 
for nonavalent vaccine as is for the quadrivalent 
vaccine. In individuals already vaccinated with 
either bivalent or quadrivalent vaccines, revacci-
nation with nonavalent vaccine is not 
recommended.

34.4  Rationale for Vaccination

34.4.1  Rationale for Female 
Vaccination

Female vaccination against HPV has shown to 
have a direct benefit in protecting against cancers 
and anogenital warts. As previously discussed 
HPV types 16 and 18 are responsible for 70% of 
all cervical cancer, 90% of anal cancer, 40% of 
vaginal and vulvar cancers, and 35% of oropha-
ryngeal cancers [2]. HPVs 31/33/45/52/58 are 
responsible for another 20% of cervical cancer. 
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Ninety percent of anogenital warts are caused by 
low-risk HPV serotypes 6 and 11 [1]. The National 
Health and Nutrition Examination Survey com-
pared HPV prevalence data from  prevaccine years 
(2003–2006) to post initiation of vaccine (2007–
2010). Even though the three- dose vaccine cover-
age was only 32% among 13–17  years’ young 
females in 2010, a 56% decline in the vaccine 
type prevalence was noted. The decline in the vac-
cine type HPV was more than expected probably 
due to herd immunity [22]. In Australia, there was 
a dramatic decline in the prevalence of genital 
warts in young females after the three-dose HPV 
vaccination program was introduced. This decline 
was also observed in males due to generation of 
herd immunity [10, 23]. The preventive effect of 
HPV vaccination is best evaluated for cervical 
cancer which is one of the most common cancers 
in females. A 97% reduction in cervical, vulvar, 
and vaginal cancers has been reported with the 
newly introduced 9-valent HPV vaccination. It 
has been proven through research that vaccinating 
preadolescent girls in comparison to boys is more 
cost-effective in reducing the burden of cervical 
cancer. Taking into consideration the disease bur-
den of cervical cancer and the cost-effectiveness 
of the vaccine, WHO recommends that the HPV 
vaccination for preadolescent girls may be intro-
duced in the National Immunization Program of 
all countries worldwide [24]. More than 71 coun-
tries have already approved HPV vaccine for pre-
adolescent girls in their National Immunization 
Program by 2017 [5]. Global Alliance for Vaccine 
and Immunization (GAVI) is offering financial 
assistance to countries who have not begun HPV 
vaccination on a national level [25].

34.4.2  Rationale for Male Vaccination

Persistent HPV infection in males is responsible 
for 90% of anal cancers, 50% of penile, and 35% 
of oropharyngeal cancers by serotypes 16 and 18. 
Low-risk HPV types 6 and 11 are responsible for 
90% of anogenital warts. Vaccination in males 
provides direct benefit of protection against all 

the above. The incidence of HPV-related cancers 
in males is less than the incidence of cervical 
cancer in females due to which the HPV vaccina-
tion for males has not been included in any vac-
cination program worldwide [26, 27]. At present 
Australia is the only country with a vaccination 
program for adolescent boys [24].

A Dutch study conducted by Bogaards et  al. 
[28] demonstrated that an uptake of 60% vaccina-
tion in females would result in protection by one 
third of HPV vaccine-preventable cancers in men. 
If the vaccine uptake increases to 90% in females, 
this would translate into 66% reduction in HPV-
related cancers in men barring anal cancer, which 
shows a decline only by 32%. This disproportion-
ate decline in anal cancer rates is due to the fact 
that herd immunity generated by female vaccina-
tion brings about a reduction in mainly penile and 
oropharyngeal cancers. The burden of anal cancer 
is high in men having sex with men (MSM) who 
do not benefit with female vaccination. UK Joint 
Commission on Vaccination and Immunization 
(JCVI) has recommended a targeted vaccination in 
MSM in the age group of 16–40  years through 
genitourinary clinics and HIV clinics [29]. This 
targeted vaccination may have fallacies as demon-
strated by a study conducted by Zou et  al. [30]. 
The study suggested that most MSM will have 
multiple sexual partners and may have acquired 
HPV infection before they visit the health clinic. 
Also, many MSM who are bisexual or gay may 
not visit such clinics or disclose their sexual 
behavior, so as to be offered vaccination. Therefore, 
even if high herd protection is attained with greater 
vaccine coverage of females, men will remain at 
risk when they move out of the herd. Associations 
with unvaccinated females from other countries or 
other men make them susceptible.

Therefore, a universal HPV vaccination for 
both boys and girls should be recommended for 
reducing the burden of HPV preventable cancers 
and to provide protection to heterosexual men who 
move outside the herd, MSM and unvaccinated 
women. The cost versus benefit of a male HPV 
vaccination program is still under debate, and 
therefore not universally advocated at present.
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34.5  Changes in HPV Vaccine 
Schedule: CDC 
Recommendations

CDC has updated its recommendations for HPV 
vaccination schedule in October 2016 in consul-
tation with the Advisory committee on 
Immunization Practices (ACIP) [31, 32].

34.5.1  Recommended Age Group

HPV vaccine is recommended for routine vacci-
nation at the age 11 or 12 years. It can be given 
starting at 9 years of age.

• ACIP also recommends vaccination for 
females aged 13 through 26 years and males 
13 through 21 years not adequately vaccinated 
previously.

• Vaccination is also recommended through age 
26 years for gay, bisexual, and other men who 
have sex with men, transgender people, and 
immunocompromised persons (including 
those with HIV infection) not adequately vac-
cinated previously.

The above recommendations are also sup-
ported by the American Academy of Physicians, 
American Academy of Family Physicians, 
American College of Obstetrics and Gynecology, 
American Cancer Society, and International 
Papillomavirus Society. WHO recommendations 
for HPV vaccination for resource-limited coun-
tries are to vaccinate females 9–14  years old. 
Older females may be vaccinated if found to be 
affordable and cost-effective by that country.

The above age recommendations are aimed to 
reach out to the adolescents prior to their sexual 
debut. Clinical trials for vaccine efficacy suggest 
that none of the available HPV vaccine can treat 
or clear already existing virus. The HPV vaccine 
can be administered without any special evalua-
tion. HPV DNA testing or pregnancy testing is 
not recommended prior to vaccination. There is 
no recommendation for measurement of postvac-
cination antibody titers for assessment of immu-
nity by ACIP.

34.5.2  Dosing Schedule

Two doses of HPV are recommended for most 
persons, starting the vaccination before the age of 
15:

• The ideal interval between the two doses is 
6–12 months.

• In situations where the adolescent receives the 
second dose <5 months apart, a third dose is 
recommended.

• There is no recommendation for any maxi-
mum interval between two doses. It is recom-
mended that the interval should not exceed 
12–15 months so as to complete the schedule 
as soon as possible before the female becomes 
sexually active.

• The need for a booster dose is not yet 
established.

Three-dose schedule is recommended for:

• Adolescents, young adults who begin the dos-
ing schedule after the age of 15 and before the 
age of 26 years.

• All immunocompromised persons including 
persons with HIV infection, aged 9–26 years.

The dose schedule for three doses is 0, 1–2, 
and 6 months.

In case of missed doses, the ACIP recom-
mends that the vaccination schedule can be 
resumed without restarting the series, even if 
interrupted for any length of time.

34.6  Rationale for Two-Dose 
Regimen

It was observed by the Centers for Disease 
Control and Prevention in the United States in 
2012 that only 53.8% of girls aged 13–17 years 
had initiated HPV vaccine and that only 33.4% of 
them had received all three doses [33]. The three- 
dose regimen was found to be expensive and dif-
ficult to complete. The Costa Rica trial and 
PATRICIA trial showed that the vaccine efficacy 
against HPV 16/18 infections 4  years after 
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 vaccination among women was the same whether 
they received one dose, two doses, or three doses. 
The high efficacy of the vaccine against HPV 
16/18 was replicated in a cohort of women who 
had never been previously infected with the HPV 
16/18 strains. This suggests that the two-dose 
benefit of vaccine was relevant in girls who 
received the vaccine in the preferred age that is 
11–12  years (before sexual debut) [34]. The 
advantage of the two-dose schedule is retained 
only if the doses are given at least 6-month inter-
vals. Comparison of the two dosage schedules in 
two separate RCTs suggested that a 6-month 
interval between the doses resulted in superior 
GMC (geometric mean concentration) when 
compared to a 2-month interval in all age groups 
[35]. Safaeian et al. in their study inferred that the 
titers after one dose were lower than that after 
two doses. It was also inferred that one dose or 
two doses of vaccine separated by a short interval 
(1–2  months) may not produce adequate cross 
protection [36]. Kreimer et al. in his study con-
cluded that there is evidence to suggest that HPV 
vaccination program using two-dose regimen 
instead of the recommended three-dose schedule 
could vaccinate 50% more women and could 
reduce the incidence of cervical cancer signifi-
cantly using the same number of doses, thus 
making it more cost-effective [37].

34.6.1  Special Populations

• Pregnant women: Not recommended during 
pregnancy due to limited data available regard-
ing its safety profile. Women should delay the 
initiation of vaccine schedule if they are aware 
of their pregnant status. If women are found to 
be pregnant during the vaccination schedule, 
further doses may be deferred until delivery. 
As the vaccine has not been associated with 
any harmful effects on the fetus till now, there-
fore no intervention is required. Pregnancy 
testing prior to vaccination is not 
recommended.

• Lactating women: Can be given vaccination as 
per schedule as the vaccine is not known to 
affect the safety of breastfeeding.

• Pre-existing HPV-associated disease: 
Vaccination is recommended in the pre-
scribed age group even in the presence of 
prior HPV infection such as genital warts and 
abnormal cervical, vulvar, vaginal, or anal 
cytology. They have to be told that this vac-
cine will not treat the already existing infec-
tion but will provide protection from other 
HPV types [31, 32].

• Immunocompromised individuals: A vacci-
nation schedule of three dose regimen is 
recommmended for individuals in the age 
group 9–26 years with B- lymphocyte anti-
body deficiency, complete or partial 
T-lymphocyte defects, HIV infection, malig-
nant neoplasm, autoimmune disease, who are 
transplant recipients, and on immunosup-
pressive therapy [38].

34.7  Contraindications

An allergic reaction to the vaccine or its compo-
nent is a contraindication to administration of the 
vaccine. In the presence of any acute severe or 
moderately severe illness, vaccination may be 
deferred till the illness is recovered from, but 
may be given in any minor illness like diarrhea or 
upper respiratory tract infection without fever. 
Latex allergy is a contraindication to bivalent 
vaccine as its prefilled syringe may contain a tip 
cap made of natural rubber latex. Allergy to yeast 
will deter the use of quadrivalent and 9-valent 
vaccine which are produced in Saccharomyces 
cerevisiae.

34.8  Vaccine Safety Profile

As per the report of GACVS meeting in June, 
2017, HPV vaccines are considered extremely 
safe. The risk of anaphylaxis was found to be 1.7 
per million doses. Local reactions such as injec-
tion site pain, redness, or swelling were reported 
by 20–90% recipients. Syncopal attack, which 
may be experienced during any medical proce-
dure, is a stress-related reaction that might be 
experienced by some. Therefore, it is recom-
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mended that the adolescents are seated or in lying 
position for 15 min after the vaccination to avoid 
injuries due to fall [39].

34.9  Efficacy

All these three vaccines are prophylactic and not 
therapeutic. They do not provide protection 
against vaccine HPV types to which the subject 
has acquired infection prior to vaccination. This 
forms the basis of administering the vaccine to 
girls below the age of 15 years, that is prior to 
initiation of sexual activity. The antibody 
response rises with every dose and then plateaus 
by 24  months. At 36  months the vaccine- 
generated antibody response is higher than the 
response generated by natural infection. Various 
studies demonstrated that the highest immune 
response of the vaccine was seen in girls of the 
age group of 9–15 years with three dose sched-
ules [5]. Both the bivalent and quadrivalent vac-
cines had consistent high antibody titer for at 
least 8 years with 100% seropositivity [40].

The vaccines do not protect against all HPV 
types; hence they will not prevent all cases of cer-
vical cancer. Approximately 30% of cervical can-
cers will not be prevented by vaccination, and so 
screening for cervical cancer should continue as 
per guidelines even in vaccinated women.

34.10  Choice of Vaccine

Nine-valent vaccine ideally should be preferred 
for females as it provides a wider HPV coverage 
as compared to quadrivalent or bivalent vaccine 
in protection against cervical cancer. Availability 
and cost are the two important factors due to 
which its use is limited. In the United States, 
since 2017, only 9-valent vaccine is available. As 
recommended the same vaccine once started 
should be used to complete the schedule. But in 
the event that the initial formulation used is 
unavailable or not known, the schedule may be 
completed using 9-valent vaccine.

In males, further research is required to con-
clude if there is any additional benefit of 9-valent 
vaccine over the quadrivalent vaccine to prevent 

male cancers. The possible benefit may be to 
reduce the risk of cervical cancer in females by 
generating herd immunity.

34.11  Therapeutic Vaccines

All the available vaccines at present are preven-
tive in nature. A humoral immune response is 
generated by antibody production against the cap-
sid protein of the virus. This response is ineffec-
tive in treating an already established HPV 
infection. There is an ongoing research to develop 
vaccines which will generate an immune response 
in an already established HPV infection and HPV-
induced cancers. These vaccines are being devel-
oped to target HPV oncogenes E6 and E7, which 
are essential for expression of virus- infected cells.

34.11.1   MEL-1

This vaccine is also known as MVA −2. It is a 
recombinant vaccinia virus Ankara (MVA) con-
taining bovine papillomavirus E2 protein. It has 
shown to stop human tumor growth in mice and 
tumor regression in rabbits. It contains an immu-
nogenetic peptide pool containing epitopes which 
act against all the high-risk HPV strains and 14 
conserved immunogenic peptide fragments from 
E1, E2, E6, and E7 proteins of 16 high-risk HPV 
types. These proteins generate a CD8+ response. 
Phase I and phase II trials in patients of CIN 2/3 
have shown a positive reduction in eliminating 
the virus. This vaccine at present is undergoing 
phase III clinical trial [41].

34.11.2   VGX-3100

This is a therapeutic DNA vaccine being manu-
factured by Inovio Pharmaceuticals. It is a 
 genetically engineered vaccine which consists of 
two DNA plasmids pGX 3001 and pGx 3002 
which target HPV-16 and HPV-18 E6 and E7 
oncoproteins responsible for CIN 2/3. The vac-
cine generates a specific CD8 T-cell to act on 
virus-infected premalignant and malignant cells. 
The vaccine has shown to have clinical efficacy 
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comparable to surgical excision but devoid of 
side effects in the trials conducted till now. It has 
entered the phase III clinical trial called 
REVEAL-1 for treatment of HPV-associated 
high-grade squamous intraepithelial lesions [42].

34.12  Conclusion

A new 9-valent vaccine has been FDA approved 
to the already existing two prophylactic vaccines. 
There have been changes in the vaccination dos-
age schedule with two doses being recommended 
now instead of the earlier three doses. This recom-
mendation is based on many RCTs which have 
shown that two-dosage schedule could vaccinate 
50% more women and could reduce the incidence 
of cervical cancer significantly using the same 
number of doses. Therapeutic HPV vaccines are 
the latest addition to the fight against HPV infec-
tion and are currently undergoing phase III trials.

Key Points
• FDA licensed the 9-valent vaccine for use in 

girls 9–26 years and boys aged 9–15 years in 
2014. It protects against HPV 31/33/45/52/58 in 
addition to HPV 6/11/16/18.

• Two doses of HPV are recommended for most 
girls, starting the vaccination before the age of 
15, and the ideal interval between the two 
doses is 6–12 months.

• 9-valent vaccine ideally should be preferred 
for females as it provides a wider HPV cov-
erage as compared to quadrivalent or biva-
lent vaccine in protection against cervical 
cancer.

• Screening should continue as per recommen-
dations after immunization.

• Therapeutic vaccines MEL 1 and VGX-3100 
are the newer developments currently under-
going phase III trials.
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