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  Abstract 

 Over the past few decades, dramatic advances 
in the treatment of childhood cancers have 
created a large and growing population of 
long-term survivors. Although many pediatric 
cancers can now be cured, the aggressive ther-
apies employed in the recent era are associ-
ated with increased risks of a variety of adverse 
health effects, including subsequent malignant 
neoplasms (SMNs). Due to characteristics 
inherent to both the biology and treatment of 
Hodgkin’s lymphoma (HL), including the rel-
atively high cure rate, a signi fi cant number of 
SMNs occur in HL survivors. The elevated 
risk of malignancy persists for decades after 
cure of HL is obtained, with no apparent pla-
teau in risks over time. The cumulative mor-
tality from second cancers exceeds deaths due 
to HL beyond 15–30 years after therapy for 
HL. The topic of SMNs after HL is broad and 
long-term data continue to accumulate. This 
chapter will speci fi cally discuss second malig-
nancies in survivors of childhood HL, focus-
ing on gender and radiation dose.      

   Introduction 

 Over the past few decades, dramatic advances in 
the treatment of childhood cancers have created a 
large and growing population of long-term survi-
vors. In fact, it was recently estimated that one in 
every 640 young adults between the ages of 20 
and 39 was a cancer survivor (Hewitt et al.  2003  ) . 
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Although many pediatric cancers can now be 
cured, the aggressive therapies employed in the 
recent era are associated with increased risks of a 
variety of adverse health effects, including subse-
quent malignant neoplasms (SMNs). Several 
large cohort studies conducted in North American 
and Europe have identi fi ed at least a sixfold 
increase in the risk of developing a new primary 
cancer in childhood cancer survivors relative to 
the general population (Inskip and Curtis  2007 ; 
Olsen et al.  1993  ) . 

 Due to characteristics inherent to both the 
biology and treatment of Hodgkin’s lymphoma 
(HL), including the relatively high cure rate, a 
signi fi cant number of second malignancies 
occur in HL survivors (Inskip and Curtis  2007  ) , 
with the elevated risk of malignancy persisting 
for decades after cure of HL is obtained and no 
apparent plateau (Hodgson et al.  2007 ; Ng 
et al.  2002  ) . Due to the signi fi cant incidence of 
second cancer, the cumulative mortality from 
second cancers exceeds deaths due to HL 
beyond 15–30 years after therapy for HL (Ng 
et al.  2002  ) . 

 Both radiation therapy (RT) and alkylating 
chemotherapy for HL increase the risks of SMN. 
Typical mantle radiation  fi elds for HL encom-
pass the thoracic mediastinal and cervical lymph 
nodes, resulting in radiation exposure to the 
breasts, normal lung, esophagus, and thyroid. In 
the era before chemotherapy, many patients 
received more comprehensive nodal radiation, 
encompassing the infradiaphragmatic lymph 
nodes in the para-aortic chain and pelvis. With a 
combined modality (RT and chemotherapy) 
approach to HL therapy, with less comprehen-
sive nodal coverage, the infradiaphragmatic 
lymph nodes are only treated in patients with 
infradiaphragmatic disease, representing less 
than 10% of stage I-II HL. These patients are at 
increased risk of gastrointestinal malignancies. 
While the topic of SMN after HL is broad and 
long-term data continue to accumulate, this 
chapter will speci fi cally discuss second malig-
nancies in survivors of childhood HL focusing 
on gender and RT dose.  

   Incidence of Subsequent Malignant 
Neoplasms by Gender 

 In contrast to adults, in whom the risk of SMN is 
reportedly gender neutral or greater in men (van 
Leeuwen et al.  2000 ; Hancock et al.  1993  ) , sev-
eral studies have reported an increased incidence 
of SMN in girls with HL (Olsen et al.  1993 ; 
Tarbellet al.  1993  ) , which has been attributed to 
the greater occurrence of subsequent breast 
cancer. A pooled analysis of 5,925 children 
with HL from 16 population-based international 
cancer registries calculated an overall observed/
expected ratio for all SMN of 7.7 (95% CI, 6.6–
8.8) with a value of 6.3 for males and 8.8 for 
females. However, when evaluating only solid-
tumor, non-gender-speci fi c SMN, there was no 
signi fi cant difference, with observed to expected 
values of 6.6 (95% CI, 4.8–8.9) for females and 
5.2 (95% CI, 3.8–6.9) for males (Metayer et al. 
 2000  ) . 

 A recent report by Constine et al.  (  2008  )  from 
 fi ve institutions that included 930 children and 
adolescents treated for HL between 1960 and 
1990 provided further evidence to support the 
increased incidence in SMN in female survivors 
of HL; however, it suggests that this difference is 
not due entirely to the differences in incidence of 
breast cancer and that there may be inherent 
differences between the genders in regards to 
susceptibility to SMN. After a mean follow-up of 
16.8 years (maximum 39.4 years), the investiga-
tors found that SMNs occurred in 102 (11%) 
patients, with a 25-year actuarial rate of 19%. 
With 15,154 patient-years of follow-up, the 
expected number of solid tumors in the general 
population would be 7.18, resulting in a standard-
ized incidence ratio (SIR) of 14.2 and an absolute 
excess risk (AER) of 63 cases per 10,000 years. 
Of the 102 children who developed a SMN, 30 
(29%) were male and 72 (71%) were female 
(ratio, 0.42:1), The SIR of 19.93 (95% CI, 15.65–
25.32) for females, was signi fi cantly greater than 
the 8.41 (95% CI, 5.68–12.03;  p  < 0.0001) SIR 
for males (Fig.  17.1 ). While there were 29 cases 
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of breast cancer, other cancer types also occurred 
more frequently in females. If breast cancer was 
excluded from the risk analysis (Fig.  17.2 ), the 
SIR for females fell from 19.93 to 15.14 (95% 
CI, 9.71–22.0) ( p  = 0.0012 compared with males). 
In addition, if thyroid cancer was excluded from 
the risk analysis, the SIR for females fell from 
19.28 to 17.28 (95% CI, 13.31–22.48), whereas 
the risk for males fell from 8.41 to 7.44 (95% CI, 
4.90–10.86), which remains signi fi cantly differ-
ent ( p  < 0.001). This data suggests that females 
may be inherently more vulnerable to SMNs than 
males.   

 In contrast, other reports have not demonstrated 
an increased risk of SMNs for females treated for 
HL. Among 1,641 children in  fi ve Nordic coun-
tries, the SIRs for females and males were 8.9 (95% 
CI, 6.2–12) and 6.5 (95% CI, 4.3–9.6), respectively 
(Olsen et al.  1993  ) . Similarly, two large single 

institution studies conducted in the US, one from 
Stanford University Medical Center reporting on 
694 children (Wolden et al.  1998  ) , and one from 
Roswell Park Cancer Institute reporting on 182 
patients (Green et al.  2000  )  both provided statisti-
cally insigni fi cant difference in SIRs between 
females and males of 15.4 (95% CI, 10.6–21.5) and 
10.6 (95% CI, 6.6–16), and 10.16 (95% CI, 5.56–
17.05) and 9.39 (95% CI, 4.05–18.49), respectively. 
A third trial from Harvard also did not demonstrate 
a difference in relative risk (RR) of SMN according 
to gender (Ng et al.  2002  ) .  

   Breast Cancer 

 Mantle RT  fi elds expose the medial breast tissue 
to radiation, resulting in a signi fi cantly increased 
risk of breast cancer. Breast cancer accounts for 

  Fig. 17.1    Cumulative proportion of second malignancies according to gender, with standard errors (Reprinted with 
permission from Constine et al.  2008  )        
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the largest absolute risk of SMNs among female 
survivors of HL. Radiation dose, chemotherapy 
administration, age at HL diagnosis, and treat-
ment in fl uence risk of breast cancer. 

   Radiation Dose 

 Earlier data suggested a roughly linear increase 
in breast cancer risk after exposure to RT in the 
low-dose range (Hildreth et al.  1989  ) . Several 
more recent studies have analyzed RT dose after 
therapy for HL and provided quantitative infor-
mation concerning RR and AER of breast cancer. 
van Leeuwen et al.  (  2003  )  conducted a case-con-
trol study of patients from the Netherlands who 
had been diagnosed with HL before age 41. They 
identi fi ed 48 cases of breast cancer and 175 
matched control subjects treated for HL (of which 

172 received RT). The RT dose was estimated to 
the area of the breast where the case patient’s 
tumor had developed and to a comparable loca-
tion in the matched control subjects, in order to 
examine the association between individually 
estimated RT doses at the precise site of subse-
quent breast tumor development and breast can-
cer risk. The risk of breast cancer increased 
statistically signi fi cantly with RT dose, with 
patients who received 38.5 Gy or more having an 
RR of 4.5 (95% CI,1.3–16) times that of patients 
who received less than 4 Gy. 

 Of note, analysis of patients’ RT dose on risk 
of SMN must be done with attention to potential 
confounding factors, the most important of which 
appears to be ovarian functional status. For exam-
ple, patients in this study who received both che-
motherapy and RT had a statistically signi fi cantly 
lower risk of breast cancer than those treated with 

  Fig. 17.2    Cumulative proportion of second malignancies according to gender, with standard errors, after excluding 
breast cancer (Reprinted with permission from Constine et al.  2008  )        
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RT alone (RR = 0.45, 95% CI, 0.22–0.91). The 
RR for developing breast cancer in patients who 
received 38.5 Gy of more versus less than 4 Gy 
was 12.7 (95% CI, 1.8–86) for the subset of 
patients who received RT alone, but 0.45 (95% 
CI, 0.22–0.91) for those who received chemo-
therapy as well as RT. Reaching menopause 
before age 36 was associated with a strongly 
reduced risk of breast cancer (RR = 0.06, 95% CI, 
0.01–0.45). Therefore, while breast cancer risk 
increases with increasing RT dose up to at least 
38.5 Gy, chemotherapy was associated with a 
substantial risk reduction. It would appear that an 
alteration of the hormonal milieu brought about 
by early menopause is protective because it 
reduces exposure of RT-damaged breast cells to 
the stimulating effects of ovarian hormones. 

 Travis et al.  (  2003  )  conducted a similar popu-
lation-based matched case-control study with a 
cohort of 3,817 female HL patients diagnosed at 
age 30 years or younger. Breast cancer occurred 
in 105 patients with HL, who were matched to 
266 patients with HL but without breast cancer. A 
RT dose of 4 Gy or greater was associated with a 
RR of 3.2 (95% CI, 1.4–8.2), compared with the 
risk in patients who received lower doses and no 
alkylating agents, while the RR was 8.0 (95% CI, 
2.6–26.4) with a dose of more than 40 Gy. Again, 
ovarian function greatly affected the RR of sub-
sequent breast cancer. Treatment with alkylating 
agents alone resulted in a RR of 0.6 (95% CI, 
0.2–2.0) of breast cancer, and patients who 
received both an alkylating agents and radiother-
apy had a RR of 1.4 (95% CI, 0.6–3.5). The RR 
of breast cancer decreased with increasing num-
ber of alkylating agent cycles (P = .003 for trend). 
Similarly, a RT dose of 5 Gy or more to the ova-
ries was protective against breast cancer com-
pared with those who received lower doses (RR 
of 0.4; 95% CI, 0.1–1.1). 

 A third case-control study conducted as part of 
the Childhood Cancer Survivor Study included 6, 
647 women who were 5-year survivors of child-
hood cancer (all initial cancer types included), of 
whom 120 patients (65% of whom were initially 
diagnosed with HL) were identi fi ed with breast 
cancer and matched with 464 control patients 
(Inskip et al.  2009  ) . A linear dose-response model 

 fi t the data well and demonstrated a slope of 0.27 
per Gy (95% CI, 0.10–0.67) (Fig.  17.3 ). The esti-
mated RRs were 6.4 at 20 Gy and 11.8 at 40 Gy. 
Again, the risk associated with breast irradiation 
was sharply reduced among women who received 
5 Gy or more to the ovaries, with an excess odds 
ratio per Gy of 0.36 for those who received ovar-
ian doses less than 5 Gy and 0.06 for those who 
received higher doses. Given the well-established 
increased risk of breast cancer in female children 
treated for HL, the Children’s Oncology Group 
has developed and studied a gender-speci fi c, sin-
gle modality chemotherapy regimen for high-risk 
HL patients that appears to maintain ef fi cacy 
without RT, although follow-up is somewhat lim-
ited (Kelly et al.  2011  ) .   

   Age at Diagnosis of HL 

 Two single institution retrospective cohort studies 
have demonstrated a strong relationship between 
age at diagnosis of HL, until the age of 30–35, and 
RR of breast cancer compared with the general 
female population. Data from Harvard on 1,319 
patients demonstrates a continuous downward 
trend in the RR of breast cancer as age at diagno-
sis of HL increased, with a RR of 111.4 for those 
diagnosed before age 15, 31.1 for those diagnosed 
from ages 15–19, and an approximate decrease 
by half for the RR thereafter for every 5 year 
interval until a RR of 3.7, which is of borderline 
signi fi cance in women diagnosed between age 30 
and 35 years. After age 35, the RR was not 
signi fi cantly increased (Ng et al.  2002  ) . Data from 
Stanford on 885 patients is strikingly similar, with 
a RR of 33 for patients diagnosed before age 20, 
RR of 19 for patients treated between ages 20 and 
24, and a RR of 7.3 for patients treated between 
the ages of 25 and 29. There was no increase in 
the RR after age 30 (Hancock et al.  1993  ) . 

 Hodgson et al.  (  2007  )  conducted an interna-
tional population-based retrospective cohort 
study using multivariate modeling to describe the 
age at HL diagnosis and attained age on both the 
RR and AER. Second malignant neoplasm risk 
was found to be strongly dependent on age at HL 
diagnosis and attained age. Consistent with the 
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previous two studies, the RR of female breast 
cancer declined signi fi cantly with attained age; 
however, the baseline risk with advancing age led 
to a signi fi cant increase in AER, which suggests 
that the increased risk of breast cancer persists 
with increasing attained age. This was particu-
larly notable for younger patients, as the AER at 
an attained age of 60 was 212 (95% CI, 108–401), 
94 (95% CI, 61–140), and 24 (95% CI, 6.9–46) 
for women diagnosed at ages 20–29, 30–39, and 
greater than 40, respectively. At an attained age 
of 50, similar values were 139 (95% CI, 88–212), 
61 (95% CI, 46–79), and 16 (95% CI, 4.5–30) for 
women diagnosed at ages 20–29, 30–39, and 
greater than 40, respectively. This study was 
based on analyses that simultaneously evaluated 
both age at HL diagnosis and attained age, which 
is important because the variables are highly cor-
related. Without adjustment for age at HL diag-
nosis, the AER for breast cancer decreased instead 
of increased with attained age.  

   Breast Cancer Survival After HL 
vs. De Novo Breast Cancer 

 Two recent reports have evaluated outcomes of 
patients who develop breast cancer after HL com-
pared with those who have de novo breast cancer. A 
recent multi-institutional matched case-controlled 
study of 253 women with breast cancer and a his-

tory of RT for HL (HL-BC) and 741 patients with 
sporadic breast cancer (BC-1) similarly found 
inferior outcomes for HL-BC patients. 
Speci fi cally, although HL-BC patients were more 
likely to be detected by screening mammography 
(40% vs. 33%) at an earlier stage (stage 0 or 1; 
61% vs 42%) and to be postmenopausal at diag-
nosis (51% vs 31%), breast cancer–speci fi c mor-
tality had an elevated risk (adjusted HR, 1.6; 95% 
CI, 0.7–3.4), although this was not statistically 
signi fi cant. Of note, survivors of HL were more 
than four times more likely to be diagnosed 
with metachronous contralateral breast cancer 
(adjusted HR, 4.3; 95% CI, 1.7–11.0; p < .01). 
The most striking  fi nding of this study was a near 
double risk of death from any cause among the 
HL-BC patients (adjusted HR, 1.9; 95% CI, 1.1–
3.3) (Elkin et al.  2011  ) . 

 Another similar U.S. population-based analy-
sis by Milano et al.  (  2010  )  included 298 HL sur-
vivors who developed breast cancer and 405,223 
women with a  fi rst or only breast cancer. It 
revealed signi fi cantly worse outcomes for HL-BC 
patients in several outcome measures. Fifteen 
year OS among patients with HL-BC was 
signi fi cantly inferior to that of patients with BC-1 
both for localized (48% versus 69%; p < .0001) 
and regional/distant (33% versus 43%; p < .0001) 
BC. Additionally, HL-BC patients had a 
signi fi cantly increased sevenfold risk (P < .0001) 
of death from cancers other than breast cancer 

  Fig. 17.3    Breast cancer risk 
by radiation dose to the breast 
(Reprinted with permission 
from Inskip et al.  2009  )        
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when compared with patients with BC-1. Ten 
year cause-speci fi c survival was similar for 
patients with HL-BC and BC-1 with regional/
distant disease, but it was inferior for patients 
with localized breast cancer (82% vs. 88%, 
respectively; P = .002). Of note, patients with 
HL-BC also experienced a two- to fourfold 
greater risk of cardiac death. The investigators 
hypothesized that these inferior outcomes were 
due to a combination of patient susceptibility, 
treatment-induced factors, and limitations in 
treatment options for breast cancer after HL. 

 Of note, two recent reports provided a patho-
logic evaluation and molecular pro fi le of breast 
cancer specimens of survivors of HL compared 
with women who had de novo breast cancer and 
suggest that subsequent breast cancers may have 
quantitatively different biology. For example, the 
overall frequency of microsatellite alterations in 
the post-HL breast cancers was 4.2-fold greater 
than in the de novo specimens ( P  = .16), suggest-
ing widespread genomic instability (Behrens et al. 
 2000  ) . In another series, BC after HL as compared 
with de novo BC had a gene expression pro fi le 
characterized by high proliferation and more 
aggressive tumor type (Broeks et al.  2010  ) .   

   Lung Cancer 

 Lung cancer is the second most common SMN 
after HL, with a substantially increased3- to 
20-fold relative risks compared with the general 
population (Dores et al.  2002 ; Ng et al.  2002 ; 
Swerdlow et al.  2000,   2001 ; Travis et al.  2002 ; 
van Leeuwen et al.  1995  ) . Clearly established 
risk factors for lung cancer after treatment of HL 
include RT and alkylating chemotherapy (Travis 
et al.  2002  ) , both of which demonstrate a dose-
dependent response. However, cigarette smoking 
is by far the greatest risk factor; in fact, it appears 
that virtually all HL patients who develop lung 
cancer had a history of tobacco abuse (Travis 
et al.  2002  ) . 

 The RR of lung cancer among pediatric HL 
survivors is similar to that of adult HL patients, 
ranging from 5.1 to 27.1, while AER is smaller in 
children (Bhatia et al.  2003 ; Castellino et al. 

 2011 ; Dores et al.  2002 ; Green et al.  2000 ; 
Metayer et al.  2000 ; Wolden et al.  1998  ) . 
However, the incidence of second lung cancer is 
low among pediatric survivors. In a population-
based long-term follow-up study by Dores et al. 
 (  2002  ) , only four out of 157 solid tumors occurred 
in the lung. Similarly, the most recent analysis on 
the Childhood Cancer Survivorship Study HL 
cohort showed seven out of 277 second cancers 
occurring in the lung (Castellino et al.  2011  ) . 

   Radiation Dose 

 Ionizing radiation is a well-known pulmonary 
carcinogen (   UNSCEAR  2000 ). However, quanti-
 fi cation of the carcinogenic effect of radiation 
speci fi c to lung cancer is challenging due to mul-
tiple confounding agents such as chemotherapy 
and smoking (Swerdlow et al.  2001  ) . A case-
control study of 61 lung cancer patients and 120 
control survivors among women treated with RT 
for breast cancer reported the RR of lung cancer 
associated with initial RT for breast cancer of 1.8 
with excess RR of 0.20 per Gy to the ipsilateral 
lung (Inskip et al.  1994  ) . 

 Speci fi c to HL treatment, van Leeuwen et al. 
 (  1995  )  conducted a case-control study from a 
cohort of 1,939 patients treated in the Netherlands. 
They identi fi ed 30 patients with lung cancer fol-
lowing HL and 82 matched control subjects. They 
used estimates of RT dose (<1, 1–5, 5–8, and 
>9 Gy) to the ipsilateral lobe of lung and reported 
dose and reported a statistically signi fi cant 
increase in risk of lung cancer with increasing RT 
dose and an RR of 9.6 for patients who received 
9 Gy or more compared with those who received 
less than 1 Gy. 

 A more recent report by Travis et al.  (  2002  )  is 
the largest and most comprehensive study that 
describes the relationship between RT and che-
motherapy as well as smoking in the occurrence 
of excess lung cancer among HL survivors. In this 
large case-control study among 19,046 HL 
patients from international population-based can-
cer registries, they identi fi ed 222 HL survivors 
who developed lung cancer and 444 matched con-
trols without lung cancer. A RT dose of 5 Gy or 
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more without chemotherapy was associated with 
increased lung cancer risk (RR = 5.9). Patients 
aged 40 or younger who were treated with RT had 
a RR of 3.8. There was a RT dose-dependent 
increase of risk with a peak RR of 8.6 in the 
30–39 Gy dose range. It also reported dose-
dependent risk with receipt of chemotherapy and 
effects appeared to be additive when patients 
received both chemotherapy and RT. Finally, 
smoking increased lung cancer risk more than 
20-fold and appeared to multiply the risk from HL 
treatment. The authors estimated that of lung can-
cers after HL, ~63% are due to the combined 
effect of treatment and smoking, ~24% are due to 
smoking, ~10% are due to treatment alone (includ-
ing RT and/or chemotherapy), and the remaining 
~3% are due to causes unrelated to tobacco use or 
therapy. However, it is important to note that this 
comprehensive study was not speci fi c to pediatric 
population as it did not do a separate analysis on 
patients treated before age 21.  

   Gender 

 Analysis of gender-related lung cancer risk 
among pediatric cancer survivors is challenging. 
Both gender-related smoking patterns and dura-
tion of exposure to tobacco affect risk of lung 
cancer and may act as confounders in lung cancer 
risk analysis subsequent to previous cancer treat-
ment. In a study of atomic bomb survivors, Pierce 
et al.  (  2003  )  attempted adjusting for smoking, 
which removed a large female:male ratio of 1.6 
in radiation relative risk due to the interaction 
between sex and smoking level. In the study by 
Milano et al.  (  2011  )  which compared disease 
characteristics of subsequent lung cancer among 
HL survivors versus  fi rst primary lung cancer in 
the general population, there was no difference in 
gender distribution between the two populations.  

   Lung Cancer Survival After HL versus 
De Novo Lung Cancer 

 A population-based analysis by Milano et al.  (  2011  )  
that compared outcomes of 187 HL survivors 

who developed non small cell lung cancer and 
178,431 patients with a  fi rst primary lung cancer 
from SEER data revealed signi fi cantly worse out-
comes in the HL cohort. The multivariable Cox 
proportional hazard analysis showed that survival 
of HL cohort was inferior with hazard ratio of 
1.60, 1.67, and 1,31 for localized, regional, and 
distant stage diseases respectively. However, only 
three out of 187 HL survivors were diagnosed of 
HL before age 20. Therefore, whether pediatric 
HL survivors with subsequent lung cancer would 
have inferior survival compared to age-matched 
patients with  fi rst primary lung cancer could not be 
answered with this analysis.   

   Subsequent Breast and Lung Cancer 
Risk in Modern RT Era 

 The above studies are most relevant to patients 
treated for HL decades ago in an era when much 
larger RT  fi elds and doses were administered. It 
is almost certain that the reduced exposure of 
various organs to RT in the modern era will 
decrease subsequent neoplasms and other late 
effects. However, these data are informative for 
the tens of thousands of HL survivors treated 
decades ago, especially with data outlined above 
suggesting that their elevated risk of SMN and 
other late effects may be lifelong. 

 Although only time will tell to as what extent 
modern RT  fi elds will reduce second cancer risk, 
Koh et al.  (  2007  )  recently performed a compari-
son of traditional mantle  fi eld versus involved-
 fi eld radiotherapy for HL to quantify the reduction 
in normal tissue does and estimate the reduced 
risk of subsequent malignancies. In this study, 
organ-speci fi c dose-volume histograms were 
generated for 41 patients receiving an antiquated 
dose and volume of 35 Gy to a traditional mantle 
 fi eld, 35 Gy IFRT, and a contemporary dose and 
volume of 20 Gy IFRT. Reduction of volume 
from 35 Gy mantle RT to 35 Gy IFRT resulted in 
a decrease in the mean RT dose to the breast and 
lung of 9.0 Gy to 3.2 Gy, and 14.7 Gy to 11.2 Gy, 
respectively, but given its equivalent inclusion in 
both  fi elds there was no decrease in dose to the 
thyroid. Reducing dose from 35 Gy IFRT to 
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20 Gy IFRT resulted in an expected reduction in 
dose by the same proportion, with a value of 
1.8 Gy to the breast and 6.4 Gy to the lung. 

 The use of 35 Gy IFRT rather than 35 Gy 
mantle  fi eld corresponded to a decrease in pre-
dicted excess relative risk (ERR) of approxi-
mately 65% for female breast and lung cancer 
and 35% for male lung cancer, while reduction 
of dose from 35 Gy IFRT to 20 Gy IFRT reduced 
predicted EER by an additional approximately 
40%. The reduced dose and subsequent esti-
mated risk of SMN for both breast and lung can-
cer was largely attributed to the omission of the 
axillary  fi elds in IFRT, although the more supe-
rior placement of the inferior border in IFRT 
also contributed to the decreased lung dose and 
SMN risk.  

   Gastrointestinal Cancers 

 It is well established that HL survivors are at 
increased risk of developing SMN in the gastro-
intestinal (GI) system, with a RR of 1.7–6.0 com-
pared with the general population (Birdwell et al. 
 1997 ; Dores et al.  2002 ; Ng et al.  2002 ; Swerdlow 
et al.  2000 ; van Leeuwen et al.  2000  ) . The risks 
are higher for children with 7.2- to 35-fold 
increased incidence (Bhatia et al.  2003 ; Birdwell 
et al.  1997 ; Constine et al.  2008 ; Dores et al. 
 2002 ; Green et al.  2000 ; Metayer et al.  2000 ; van 
Leeuwen et al.  2000  ) .While GI cancers are 
grouped together in many reports, several studies 
separately analyzed individual sites in GI system. 
The majority of the cancers occurred in the stom-
ach or large intestine, while relatively few cases 
were observed in the esophagus, small intestine, 
and pancreas. However, the RRs in these sites 
were dramatically elevated due to low incidences 
in the general population. The latency period for 
SMN development is 10–20 years following the 
initial treatment, and increased risk seems to per-
sist past 20 years (Metayer et al.  2000  ) . Increased 
risk of second GI cancers leads to higher mortal-
ity from GI cancers compared with the general 
population. In a long-term follow-up study of 
5-year survivors of HL from Childhood Cancer 
Survivor Study, Castellino et al.  (  2011  )  reported 

that GI system cancers werethe most common 
cancer cause of deaths along with breast cancer. 

 Age at treatment is strongly associated with 
risk of developing GI cancer. In 25-year follow-
up studies of 32,591 long-term survivors of HL 
from 16 international population-based cancer 
registries, Dores et al.  (  2002  )  showed that pediat-
ric HL survivors who were treated before age 20 
had relative risk of 10.0, signi fi cantly higher 
compared with adult survivors whose risk is less 
than twofold in a large population-based analy-
sis. Metayer et al.  (  2000  )  analyzed outcomes of 
5,923 pediatric survivors from nine population-
based cancer registries, including the effect of 
age at treatment within the pediatric survivors. 
Children who were treated before age of 16 had a 
RR of 19.3, while survivors who were treated 
between ages 17–21 seemed to have lower RR of 
six. There was also a threefold difference in AER 
between the two groups. 

 Cancer treatment is an important risk factor in 
development of GI cancer. Both chemotherapy 
and RT are known to be associated with an 
increased risk of GI cancer. While some have 
reported marginally increased risk due to RT, 
(Swerdlow et al.  2000  )  others found it highly 
signi fi cant (Birdwell et al.  1997 ; Dores et al. 
 2002 ; van Leeuwen et al.  2000  ) . In general, com-
bined modality treatment was associated with 
higher risk compared with RT alone. This pattern 
may suggest that the role of chemotherapy and 
RT is additive. However, there has been no con-
clusive study in this matter. Though not speci fi c 
to GI cancer, RT  fi eld size was associated with 
second cancer risk. In a single institution long-
term follow-up study, Ng et al.  (  2002  )  showed 
signi fi cant excesses of solid organ tumors follow-
ing exposure to large radiation  fi elds, such as 
total nodal irradiation on para-aortic/pelvic radia-
tion. In an analysis of 930 children for HL, 
Constine et al.  (  2008  )  reported that 77% of sec-
ond cancers, including GI cancers, occurred 
within the RT  fi eld. In a more recent analysis of 
the British Childhood Cancer Survivor Cohort, 
children who received abdominal or pelvic RT 
for selected childhood cancers, including HL, 
had 3.3-fold increased risk of developing cancers 
in the digestive system (Reulen et al.  2011  ) . 
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 Speci fi c to stomach cancer, van den Belt-
Dusebout et al.  (  2009  )  conducted a nested case-
control study with a cohort of 5,142 HL or 
testicular cancer survivors to evaluate the roles of 
RT dose in the development of stomach cancer. 
Forty-two patients who developed stomach can-
cer were compared with 126 matched controls 
whose mean RT dose to the stomach was esti-
mated. They found that RT increases the risk of 
stomach cancer by 8.8-fold. Use of the para-aortic 
 fi eld was associated with a higher risk compared 
with mantle  fi eld only. There was a dose-depen-
dent escalation of risk where patients whose esti-
mated stomach dose was higher than 20 Gy had a 
9.9-fold increased risk compared with those who 
received less than 11 Gy. Estimated RR was 0.84 
per Gy. On the other hand, no study has evaluated 
the relation between RT dose to colon and subse-
quent colon cancer risk. 

 In general, GI cancer incidence is reportedly 
higher in males than females. This pattern is site-
dependent as stomach and esophagus cancers are 
highly associated with behavioral risk factors 
including tobacco and alcohol which may also 
have strong gender relations. Overall, it does not 
appear that one gender has a higher RR of GI 
cancer than the other (Birdwell et al.  1997 ; Dores 
et al.  2002  ) . In the pediatric population, compari-
son of RR becomes more challenging as these 
values become in fl ated due to the low number of 
observed cases and low background incidence.  

   Thyroid Cancer 

 Thyroid cancer is another common SMN among 
children who were treated for HL. Relative risks 
of children developing thyroid cancer compared 
with the general population range from 13- to 
53-fold (Bhatia et al.  2003 ; Constine et al.  2008 ; 
Dores et al.  2002 ; Green et al.  2000 ; Wolden 
et al.  1998  ) , which is higher when compared 
with adult HL survivors (Dores et al.  2002 ; Ng 
et al.  2002 ; Swerdlow et al.  2000 ; van Leeuwen 
et al.  2000  ) . While early studies based on single 
or multi-institution databases reported higher 
RRs due to a small number of reported cases, 

recent population-based studies with more than 
20 years of followup repeatedly reported statisti-
cally signi fi cantly elevated RR as well as AER 
(Dores et al.  2002  ) . The majority of cancers 
occur 10 years after diagnosis with a median 
time of 14–16 years for thyroid cancer (Bhatia 
et al.  2003 ; Constine et al.  2008  ) . This is similar 
to the latent interval of 13–16 years for second 
thyroid cancer in an analysis of all childhood 
malignancy survivors (Sigurdson et al.  2005  ) . 
Risks are elevated 10 years past diagnosis and 
remain elevated up to 30 years after diagnosis 
(Bhatia et al.  2003 ; Dores et al.  2002 ; Metayer 
et al.  2000  ) , suggesting the role of cancer treat-
ment in thyroid carcinogenesis. 

 Age at treatment has a strong association with 
risk of developing thyroid cancer (Bhatia et al. 
 2003 ; Dores et al.  2002 ; Metayer et al.  2000  ) . 
Children who were treated before age 21 have 
signi fi cantly higher RR and AER compared with 
adult survivors whose RR is less than  fi vefold in 
most large-scale series (Dores et al.  2002 ; Ng 
et al.  2002 ; Swerdlow et al.  2000 ; van Leeuwen 
et al.  2000  ) . Within the pediatric population, chil-
dren who were treated before age 10 were found 
to have even higher RR and AER (Bhatia et al. 
 2003 ; Metayer et al.  2000  ) . According to Bhatia 
et al.  (  2003  ) , compared to children who were 
diagnosed with HL after age 10, there was a 3.7- 
and 1.6-fold increased risk of thyroid cancer 
among children who were diagnosed at age less 
than  fi ve, and between 5 and 10 years, respec-
tively. Such a  fi nding suggests that younger chil-
dren whose thyroids are still developing have 
higher sensitivity to the carcinogenic effects of 
ionizing radiation. 

 Radiotherapy to the neck has been recognized 
as the main risk factor of second thyroid cancer. 
In a pooled analysis of seven cohort studies, 
including atomic bomb survivors and populations 
who received RT for benign diseases of the head 
and neck, Ron et al.  (  1995  )  suggested linear rela-
tion between the doses to the thyroid and cancer 
risk. While thyroid doses as low as 9 cGy were 
found to be associated with a fourfold increased 
risk of malignant tumors, Tucker et al.  (  1991  )  
showed that doses greater than 200 cGy were 
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associated with a 13-fold increased risk in an 
analysis of 9,170 childhood cancer survivors. 
However, a  fl attening of the dose-response curve 
was observed in higher doses (>10 Gy) used for 
treatment of HL. In a more recent nested case-
control study from the Childhood Cancer Survivor 
Study, Sigurdson et al.  (  2005  )  con fi rmed a simi-
lar trend with a linear increase of thyroid cancer 
risk in the low dose range to 20 Gy with a peak in 
risk in the 20–29 Gy range with an odds ratio of 9. 
However, it demonstrated a decreasing risk at 
doses above 30 Gy, consistent with the cell-killing 
hypothesis of high dose RT. This analysis also 
showed the ascending slope of the dose-response 
curve was steeper for children who were diag-
nosed with cancer at less than 10 years of age. 
These trends were con fi rmed in a subsequent 
update from the Childhood Cancer Survivor 
Study (Bhatti et al.  2010  )  (Fig.  17.4 ). The higher 
risk of thyroid cancer observed in the 20–29 Gy 
range suggests that children, particularly those 
treated at younger ages, will continue to be at 
signi fi cant risk of thyroid cancer despite the effort 
to decrease RT dose and  fi eld size in the treat-
ment of HL.  

 It is well established that females within the 
general population have approximately a three 
times higher incidence rate of thyroid cancer 
compared with males. Following this pattern, 
there was increased incidence in female survivors 

of childhood HL (Bhatia et al.  2003 ; Constine 
et al.  2008 ; Dores et al.  2002 ; Green et al.  2000 ; 
Metayer et al.  2000 ; Wolden et al.  1998  ) . In 
Metayer et al.  (  2000  ) , six of 3,188 male survivors 
had thyroid cancer while 16 of 2,737 female sur-
vivors developed thyroid cancer. In a smaller 
series by Bhatia et al.  (  2003  ) , males and females 
had an incidence rate of 0.9% and 2.3% respec-
tively. However, females do not seem to have 
increased AER compared with males. In a multi-
ple regression analysis by Bhatia et al.  (  2003  ) , 
RR of thyroid cancer in male children with HL 
was 1.7 compared with females, though not 
statistically signi fi cant. A similar trend is seen in 
a population-based analysis by Metayer et al. 
 (  2000  )  where males and females had relative risk 
of 18.1 and 12.6, respectively.  

   Bone and Soft Tissue Sarcoma 

 Bone and soft tissues are another common site of 
second cancer development after HL. The 
reported RR of sarcoma ranges from 10 to 14.9 
(Bhatia et al.  2003 ; Castellino et al.  2011 ; Metayer 
et al.  2000 ; Wolden et al.  1998  ) . Common his-
tologies include malignant  fi brous histiocytoma, 
osteosarcoma, spindle cell sarcoma, and undiffer-
entiated soft tissue sarcoma (Wolden et al.  1998  ) .
Latency from most series ranges from 10 to 15 years 

  Fig. 17.4    Observed relative 
risk of thyroid cancer 
as a function of mean 
radiation dose to the thyroid 
gland for categories of dose 
and  fi tted values (Reprinted 
with permission from Bhatti 
et al.  2010  )        
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following treatment, while the signi fi cance of 
elevated RR past 20 years is questioned due to 
low number of observed cases (Bhatia et al.  2003 ; 
Metayer et al.  2000  ) .Children are reported to have 
higher risk of developing sarcoma compared with 
adult survivors. Metayer et al.  (  2000  )  noted that 
children who were diagnosed between age 
10–16 years have the greatest risk of sarcoma. 
Both alkylating agents and RT have been reported 
as risk factors. In particular, there was dose-
dependent increase of sarcoma risk (Le Vu et al. 
 1998  )  and many of the sarcomas occurred within 
the radiation  fi eld such as in the thoracic vertebral 
body, clavicle, and scapula (Wolden et al.  1998  ) . 

 In conclusion, although dramatic progress 
has been made in the treatment of pediatric HL, 
SMNs have remained a concern for the ever 
increasing cohort of long-term survivors. Female 
gender clearly increases risk of SMN, although it 
is not entirely clear whether all of the excess risk 
is attributable to the increased risk of breast can-
cer. Increased RT dose has unequivocally been 
shown to increase the risk of SMN in nearly all 
sites, with the notable exception of subsequent 
thyroid cancer, which displays a peak within the 
relative low dose range of 20–29 Gy. 

 Increasing awareness of SMNs continue to 
in fl uence treatment strategies used in pediatric 
HL, with shorter courses of chemotherapy and 
decreasing RT dose and  fi eld size. There is a clin-
ical need for improvements in screening guide-
lines for long-term survivors and for effective 
treatment strategies for those who develop SMNs. 
This is especially the case for the cohort of 
patients treated in previous eras, who are at an 
increased risk of developing SMNs relative to 
contemporary patients, and, for certain cancers, 
appear to have poorer outcomes compared to 
patients with similarly staged  de novo  cancers.      
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