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1 Introduction

The International Agency for Research on Cancer predicts that the global burden of
cancer incidence will reach 21.4 million by 2030 with the annual number of cancer
deaths reaching 13.2 million [1]. The World Health Organization predicts approxi-
mately 60 % of all new cancer cases by 2020 will occur in low- and middle-income
countries (LMIC) [2]. Yet, currently, there is a clear disparity in outcomes that cor-
relate to the income level of countries [3]. The overall case fatality rate from cancer
(percentage ratio of mortality to incidence) is around 75 % in low-income countries
compared to 46 % in high-income countries [3]. The current challenge for us is to
translate developments in cancer care from high-income countries (HIC) into LMIC,
which will increasingly bear the world’s cancer burden.

Surgery is a key component of all aspects of cancer care, ranging from diagnostic
biopsies to therapeutic or palliative procedures. However, surgery is often over-
looked in public health efforts to address cancer due to surgeon under-representation
in the public health community [4]. Analysis using the WHO tool to look at surgical
resources in LMICs revealed that 45 % of district hospitals did not have a functional
anesthesia machine, and more than 52 % lacked a steady supply of sterile gloves [5].
Also, the extreme paucity of surgeons in LMICs is a significant barrier to surgical
and thus cancer care. In a needs assessment of Sierra Leone, we found that in the ten
government hospitals we surveyed, there were only ten fully trained Sierra Leonean
surgeons to serve a population of 5.3 million [6].
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2 Role of Surgery/Surgeons in Diagnosis

A major and distinguishing challenge when making the diagnosis of cancer in
LMIC:s is the limited availability of trained personnel and modern equipment. Lack
of access to pathology services is a major barrier to the diagnosis and staging of
cancers in LMICs. Malawi, for example, had a single pathologist in 2010 serving a
population of 15 million. This led to an approximate wait time of 3 months for
pathologic reporting [7]. With increasing Internet access, teleoncology initiatives
are being implemented that may help improve access to pathology [8].

In HIC, cancer diagnosis and staging relies heavily on radiographic examina-
tions. A combination of computed tomography (CT), positron emission tomogra-
phy (PET), and magnetic resonance imaging (MRI) is used. In comparison,
physicians in LMIC rely on clinical examination, chest radiography, and ultrasound
if available. Ultrasound can be especially useful for surgeons trying to make a diag-
nosis in resource-limited settings. In a large retrospective review from Cameroon,
researchers looked at results from 1119 ultrasound examinations performed to make
diagnoses ranging from gynecological to gastrointestinal. Abnormal findings were
shown in 78 % of the ultrasound exams performed. In the 323 (28.8 %) patients
where the diagnosis was certified, 67.8 % of the exams were deemed useful for
diagnosis. Also in the certified group, ultrasound provided diagnosis in 31.6 % of
the patients and allowed a differential diagnosis to be excluded in 36.2 % [9].
Although physicians in HICs rely on mammography and MRI for diagnosing breast
cancer, it is possible that ultrasound could replace both in LMIC. Surgeons could be
trained to use less expensive imaging tools such as ultrasonography to guide both
radiologic diagnostics and biopsies [10].

Staging cancer patients is a significant problem in LMICs with no access to
advanced equipment. For example, it was shown that Malawi’s cancer registry had
staging information for only 0.7 % of cancer cases [11]. Surgeons can use novel
applications of technology, however, to help with staging. Examples are performing
diagnostic laparoscopy to stage the abdomen and obtain tissue or capturing images
via the use of smart phones to document cervical lesions.

Surgeons can play an important role in advocating for early diagnosis and devel-
oping low-cost, effective screening methodologies. For example, in cervical cancer,
there has been a push to implement a screening procedure using visual inspection
with acetic acid (VIA) and/or a low-cost rapid human papilloma virus (HPV) DNA-
based test, rather than the more expensive Pap smear test [12, 13]. Such efforts are
needed to avoid the late presentations that occur frequently in these countries
because many common malignancies such as breast cancer, cervical cancer, gastro-
intestinal cancer, and Kaposi’s sarcoma may be curable if detected and treated
early. Surgeons also need to help build improved systems of educating communities
about cancers and associated symptoms and also removing the fear that many in
LMICs have of cancer being a death sentence [14]. Unfortunately, most available
funds are spent on individual treatments and not in screening and diagnostic phases
of cancer [3].
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3 Role of Surgery in Treatment of Gastrointestinal Cancers

Many gastrointestinal cancers are curable with surgery. Despite this, surgery is
rarely used. A retrospective study looking at characteristics of 206 patients diag-
nosed with hepatocellular carcinoma in Ghana showed that almost all patients
received only supportive treatment and none received surgery, ablation, or transarte-
rial chemoembolization. Further investigation revealed that less than 8 % had been
eligible for resection, transplantation, or ablation, and up to 72 % had been eligible
only for supportive care [15]. These results demonstrate the importance of perform-
ing further studies to estimate the contributions to lack of surgical use from both the
presence of advanced disease and the lack of expertise. Distinguishing between the
two will help focus efforts and more effectively manage these cancers in LMICs
(i.e., screening and early detection vs. personnel training).

In colorectal cancers, surgery plays a crucial role because of the scarcity of
adjunct treatments as well as the need to palliate symptoms (Table 1). However,
there are certain limiting factors with surgery, especially with rectal cancers, due to
lack of experience in sphincter-preserving rectal surgery, cost of certain stapling
devices used for this surgery, and lack of neoadjuvant treatments to downstage these
tumors [16, 17]. Perhaps due to these limiting factors, more than 40 % of patients
with rectal cancer undergo abdominal perineal resection [16, 17], which is an impor-
tant consideration in certain countries where stomas are not culturally accepted.
A first step toward more sphincter-preserving rectal surgery may be further training
of surgeons and better access to stapling devices that help facilitate these surgeries.

In gastric cancers, the morbidity and mortality rates are high. Major complica-
tions such as anastomotic leak and hemorrhage occur in as many as 30 % of the
patients undergoing gastric resections [18], and operative mortality rates range from

Table 1 Availability of chemotherapies in sub-Saharan Africa

Available Available by request, if patient can afford Rarely available
Capecitabine Bleomycin Bevacizumab
Cisplatin Carboplatin Erlotinib
Cytarabine Dacarbazine Ibandronic acid
Dactinomycin Epirubicin Imatinib
Daunorubicin Fludarabine Rituximab
Doxorubicin Gemcitabine Sunitinib
Etoposide Ifosfamide Temozolomide
Fluorouracil Interferon alfa Trastuzumab
Folinic acid Irinotecan

Hydroxyurea Oxaliplatin

Melphalan Pamidronic acid

Mercaptopurine Taxanes

Methotrexate Topotecan

Thioguanine Vinorelbine

Vincristine Zoledronic acid

This table was adapted from Kingham et al. [33]
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16 to 36 % [19]. The high complication and mortality rates are likely related to the
fact that outcomes in gastric cancer surgery are closely associated with stage of
disease at diagnosis. Early surgical intervention, before tumor enlargement and
involvement of nearby structures, may improve these rates. Most patients, however,
present with gastric outlet obstruction, hematemesis, or perforation. Access to sur-
geons trained in endoscopy is necessary when patients have persistent symptoms of
dyspepsia, epigastric pain, or nausea to identify early gastric cancers and to lower
these mortality and morbidity rates.

4 Role of Surgery in Treatment of Prostate Cancer

Prostate cancer is the second most frequently diagnosed cancer among men and the
sixth leading cause of cancer death among men globally [1]. The treatment for pros-
tate cancer in LMICs is limited by late presentation, advanced disease, and scarcity
of urologists, pathologists, radiation treatment, and androgen-deprivation therapies.
Compared to the 99 % 5-year survival rates in HIC for all stages of prostate cancer,
a study from Nigeria showed that 16 % of patients died from this disease within a
3-year follow-up period [20, 21].

Currently, subcapsular orchiectomy and diethylstilbestrol are the two most
widely used treatments in low-income countries [21]. Subcapsular orchiectomy is a
good example of a cost-effective alternative treatment that can be performed surgi-
cally in place of a medical treatment (chemical castration). Unfortunately, due to
lack of access and the high cost of prostate-specific antigen tests and transrectal
ultrasonography, digital rectal examination alone remains for screening. The speci-
ficity, however, of digital rectal examination has been shown to be only 61 % [22].
Increasing access to diagnostic tools, such as transrectal ultrasound for earlier
detection of prostate cancer, and increasing access to adjunct treatments, such as
radiation therapy, hormone therapy, and chemotherapy, are key to improving sur-
vival in these patients.

5 Role of Surgery in Treatment of Cervical Cancer

Cervical cancer is the leading cause of cancer mortality in low-income countries
[23]. For example, in Africa, 80,000 cases of cervical cancer are diagnosed per year
in women older than 15 years. More than 50,000 of these women die from their
disease. This is mostly due to late presentation, because cervical cancer is often cur-
able when found in early stages. It is clear then that efforts should focus on cost-
effective screening that is easily available.

As mentioned above, one approach to reducing costs is to replace the traditional
screening tests, cytology, and colposcopy, with VIA and/or rapid HPV DNA-based
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testing. These single-visit tests are appealing alternatives also because treatment, if
needed, could be provided in the same day. Goldie et al., with data from five develop-
ing countries, demonstrated that if 35-year-old women were screened just once in
their lives with VIA, their lifetime risk of invasive cervical cancer can decrease by
25 %. If screened twice with VIA, at ages 35 and 40, lifetime risk can decrease by
35 % [24]. HPV DNA-based testing was shown to be more effective at reducing the
occurrence of advanced precancerous lesions over time. A study from India demon-
strated that HPV DNA-based testing resulted in a greater mortality reduction than
using VIA or Pap smear for screening [25]. However, HPV DNA-based testing is still
relatively expensive and requires 7 h for laboratory processing. Therefore, a major
focus should be on developing a low-cost screening test that would provide immedi-
ate and accurate results to enable screening, diagnosis, and treatment in the same
visit. New, rapid HPV DNA-based testing is being developed for this purpose [26].

6 Role of Surgery in Treatment of Breast Cancer

Understanding how breast cancer in LMICs differs from breast cancer in high-
income countries is crucial for surgeons. For example, patient characteristics in the
high-risk groups are not identical from one region to the next. Notably, patients with
breast cancer in sub-Saharan Africa tend to be premenopausal, multiparous, and
have a history of protracted breastfeeding [27]. Such information can help clinicians
target high-risk groups more effectively and reduce the current mean delay
(11.2 months) from onset of symptoms to presentation [27].

Also, breast cancer biology in LMICs may differ from that in high-income coun-
tries. For example, in one study, researchers compared women with breast cancer in
the United States to women with breast cancer in Ghana. Results showed that 76 %
of the Ghanaian women had estrogen receptor-negative tumors in contrast with
22 % of the white American women. Also, 82 % of the Ghanaians had triple-
negative disease in contrast with 16 % of the white Americans [28]. While such
discrepancies may be in part due to inaccurate immunohistochemistry results,
administering tamoxifen without confirming positive receptor status wastes valu-
able resources. Understanding the differences in tumor biology while also improv-
ing the accuracy of immunohistochemistry results may lead to more cost-effective
interventions.

Lastly, it is important to realize that procedures that are offered in HICs may not
be available in LMICs. For example, mastectomy is the most frequently offered
breast cancer surgery in LMIC and is challenging culturally. It is estimated that
38.3 % of patients undergoing mastectomies are divorced within 3 years [29].
Surgeons should be attentive to this cultural barrier and work with the whole family
in coming to an understanding of breast cancer and its treatments. Unfortunately,
due to lack of resources, radiation therapy, chemotherapy, sentinel lymph node
assessment, and breast-conserving surgery are rarely performed.
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7 Chemotherapy and Radiation

Three major obstacles to delivery of appropriate multidisciplinary cancer care in
LMIC are lack of personnel, high cost, and cultural beliefs. First, chemotherapy
regimens are administered under direction of either surgeons or physicians, without
specialized training in cancer care. With multidisciplinary cancer management
adoption by tertiary hospitals, this will improve. Second, generic drugs are often
used because the cost of patented drugs is prohibitive. This has negative effects
because in the absence of regulatory bodies to control the influx of these medica-
tions, the bioequivalence, side-effect profile, and efficacy of generic drugs may dif-
fer from those of the originals. It is important for countries to identify which drugs
are available (Table 1) and to calculate the cost to patients. It is also important to
calculate the cost of chemotherapy maintenance as many drugs to treat chemotherapy-
associated toxicities are either expensive or not readily available (Table 2). This
information will help resource-limited LMICs to select the most cost-effective che-
motherapy drugs. Cultural beliefs, patient denial, especially after complete surgical
resection, and physician ignorance are all barriers to access. Also, traditional heal-
ers offer the promise of a cure without the side effects of chemotherapy such as hair
loss, erectile dysfunction/infertility, or neuropathy.

Similarly, use of radiation therapy is limited due to its cost and lack of availabil-
ity. In one study from Australia looking at the use of radiotherapy in LMICs,
researchers showed that although 83 % of the breast cancer patients could be
expected to have received radiotherapy, only 10.8 % received this treatment [30]. In
Ethiopia alone, where it is estimated that 74 to 85 radiation machines are needed to
meet patient requirements, there is only one machine available [30]. One way to
reduce costs and improve access is to perform intraoperative radiotherapy.
Researchers in South Africa studied the effectiveness of intraoperative radiation
therapy. Baatjes et al. reported that after 7 years of follow-up, only one of 39 (2.6 %)
women with breast cancer had a local recurrence, four (10.3 %) had regional recur-
rences, and three (7.7 %) had systemic relapses. The estimated cost of intraoperative
radiotherapy was $1300 per patient, far less than $9000 per patient for standard
external beam radiation therapy [31].

Table 2 Availability of supportive drugs to manage chemotherapy-associated toxicities in sub-
Saharan Africa

Auvailable by request, if patient can

afford Rarely available

Metoclopramide Domperidone

Dexamethasone Granisetron

Ondansetron Erythropoietin

Lorazepam Granulocyte colony-stimulating factor

This table was adapted from Kingham et al. [33]



Surgery 509

8 Directions for the Future

Five key components that should be implemented in low-resource setting are
improvements in the pathology services, access to surgery, radiology services, reli-
able data collection, and the modification of guidelines. The pathological and radio-
logical components have been discussed in the Diagnosis section. Data collection is
a difficult but crucial component to improve cancer management in low-income
countries. A simple intervention can be introduction of patient data cards containing
information on a patient’s age, sex, date of diagnosis, presenting symptoms, signifi-
cant family history and social habits, studies performed, estimate of tumor stage,
treatment to date, and pathological stage when possible. A similar approach has
been used to improve adherence to childhood vaccinations [32]. Lastly, develop-
ment and implementation of modified guidelines are important because there are
regions where surgery may be the only therapeutic option.
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