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Background: The increased risk of gastrointestinal (GI) cancers after Hodgkin’s lymphoma (HL) is well established.
However, no large population-based study has described the actuarial survival after subsequent GI cancers in HL
survivors (HL-GI).
Patients and methods: For 209 patients with HL-GI cancers (105 colon, 35 stomach, 30 pancreas, 21 rectum, and
18 esophagus) and 484 165 patients with first primary GI cancers (GI-1), actuarial survival was compared, accounting
for age, gender, race, GI cancer stage, radiation for HL, and other variables.
Results: Though survival of HL patients who developed localized stage colon cancer was similar to that of the GI-1
group, overall survival (OS) of HL patients with regional or distant stage colon cancer was reduced [hazard ratio, (HR) =
1.46, P = 0.01]. The HL survivors with regional or distant stage colon cancer in the transverse segment had an
especially high risk of mortality (HR: 2.7, P = 0.001 for OS). For localized stomach cancer, OS was inferior among HL
survivors (HR = 3.46, P = 0.006).
Conclusions: The HL patients who develop GI cancer experience significantly reduced survival compared with
patients with a first primary GI cancer. Further research is needed to explain the inferior survival of HL patients and to
define selection criteria for cancer screening in HL survivors.
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introduction
Hodgkin’s lymphoma (HL) has become a highly curable
disease [1]. However, HL survivors face an increased risk of
death from other cancers compared with the general
population [2, 3]. Mortality from second cancers after HL
exceeds that due to HL 15–30 years after treatment [4]. Of
second cancers after HL, those in the gastrointestinal (GI)
system account for the third largest absolute excess risk,
following lung and breast cancer [5, 6]. Hodgson et al. [6]
found that among HL patients treated before age 25, the risk of
colorectal cancer by age 40 was higher than the risk in 50-year
olds in the general population, for whom screening for
colorectal cancer is recommended. Increasing awareness of the
risk of second cancers among HL survivors has important
implications for longitudinal clinical care for HL survivors,
such as screening practices. However, information on the
survival after second cancers among HL survivors is sparse

[7–11]. Milano et al. [11] found that female HL survivors with
subsequent breast cancer had worse survival compared with
women with a primary breast cancer. Despite increasing
awareness of the risk of second cancers in the GI system, no
population-based study compares the characteristics and
survival of subsequent GI cancers among HL survivors
with patients in the general population with a primary GI
cancer [12].
Among 18 671 HL survivors (221 021 person years of follow-

up) reported to the Surveillance, Epidemiology, and End
Results (SEER) program, we identified all subsequent GI
cancers in HL survivors (HL-GI), including colon, stomach,
pancreas, rectum, and esophagus. We hypothesized that overall
survival (OS) and GI cancer cause-specific survival (CSS)
would be worse compared with patients with a first primary GI
cancer (GI-1) in the SEER program.

patients and methods

patient database
From the SEER 9 (1973–2007) database [13], we identified 18 671 HL
patients who were diagnosed histopathologically, then actively followed
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using methods applied previously [11, 14]. A minimum latency was 2
months according to the standard latency adapted by the SEER program to
exclude synchronous primary cancers [13]. Two hundred and thirty
patients subsequently developed GI cancers (114 colon, 40 stomach, 35
pancreas, 23 rectum, and 18 esophagus). Twenty-one patients were
excluded due to the lack of data on GI cancer stage. The remaining 209
patients (105 colon, 35 stomach, 30 pancreas, 21 rectum, and 18
esophagus) were included in our analysis. The same exclusion criteria were
applied to the GI-1 group and 476 592 patients (240 459 colon, 53 131
stomach, 62 336 pancreas, 97 256 rectum, and 23 410 pancreas) were
identified.

HL stage was determined as described previously [11, 14] using
information from the SEER extent of disease fields that assign HL patients
to three categories (stage I, II, and III-IV), according to the Ann Arbor
classification. GI cancers were staged using the SEER historic stage A field,
categorized as localized, regional, or distant (metastatic). As information
on radiation dose and fields is not collected by the SEER program, whether
radiotherapy was administered to the abdomen or pelvis could not be
determined.

statistical analyses
Patient and GI-cancer characteristics were compared between HL-GI and
GI-1 patients using the chi-square test or Fisher’s exact test. Actuarial
survival was calculated using the Kaplan–Meier method. Survival times
were measured from the date of GI cancer diagnosis until the date of death
or last follow-up. For the GI-1 group, actuarial survival was calculated for
randomly selected subsets of patients, matched to the HL-GI group using
strata defined by age at GI cancer diagnosis (age: <50, 50–60, 60–70, >70)
and year at diagnosis (<1990, 1990–2000, >2000). The age-matched
Kaplan–Meier curve of the GI-1 group was generated by repeating these
matching 100 times and calculating weighted average 100 matched survival
curves.

Cox proportional hazards models were used to compare the survival
after GI cancer between HL-GI and GI-1. Variables included in the Cox

model included age and calendar year at GI cancer diagnosis, GI cancer
stage, sex, race, socioeconomic status, and surgery or radiation for GI
cancers. All analyses were conducted using a SAS software package [15].

dosimetry analysis
The radiation dose delivered to specific colon segments during the HL
treatment was modeled using measurements from water and
anthropomorphic phantom [16]. Average doses were calculated for both
para-aortic and inverted-Y fields using anterior and posterior techniques to
a total dose of 35 Gy. Segments of the colon were categorized as ascending
(cecum, appendix, and ascending colon), transverse (hepatic flexure,
transverse colon, and splenic flexure), and descending (descending and
sigmoid colon).

results

patient and tumor characteristics
Patient and disease characteristics at the time of HL diagnosis
for each subsequent GI cancer site are shown in Table 1.
Median age at the time of HL diagnosis in the 209 patients was
46 years (51 for colon, 32 for stomach, 42 for pancreas, 52 for
rectum, and 41 for esophagus). Overall, 39% of patients were
diagnosed with HL before age 40, while 69% of patients with
subsequent stomach cancer had HL before age 40. The
majority of patients had classical HL, with nodular sclerosis
being the most frequent type (49%). Fifty-four percent of all

patients and 64% of patients younger than 40 years at the time
of HL diagnosis received radiation for HL. Forty-seven percent
of patients had stage III or IV HL.
Table 2 outlines patient and GI-cancer characteristics of

HL-GI and GI-1 groups at the time of GI cancer diagnosis.
There was no significant difference in gender between HL-GI
and GI-1 for any site. Median age for HL-GI patients at the
time of GI cancer diagnosis was 63 years for colon, 52 for
stomach, 61 for pancreas, and 58 for rectum and esophagus.
HL-GI patients were significantly younger at the time of GI
cancer diagnosis for all sites compared with GI-1 patients
(median age: 71 for colon, 69 for stomach, 69 for pancreas,
67 for rectum, and 66 for esophagus; P < 0.001 for all sites).
The distribution of clinical stage at the time of HL-GI

diagnosis was comparable to those observed for GI-1 for
cancers of stomach, esophagus, rectum, and pancreas. While
the distribution of clinical stages for all colon cancer
considered together did not differ between HL-GI and GI-1
patients, cancers in the transverse colon were diagnosed at
significantly more advanced stages in the former group
(P = 0.024). Twenty-one HL patients developed cancer in the
transverse segment, 19 of whom had regional or distant
disease. Ten patients with second cancer in the transverse
segment received radiation therapy (RT) for observed/expected
(HL). While regional/distant (O/E) of these patients were
elevated, it was not substantially significant [O/E 1.87; 95%
confidence interval (CI) 0.9–3.44]. To investigate whether an
association might exist between radiation dose to colon
segment and stage of subsequent colon cancer, we calculated
doses delivered to various segments of colon during typical
abdominal radiotherapy for HL [5]. Dosimetry modeling
showed that the transverse colon received 81% of the
prescribed dose (versus 4–43% to other segments). No
difference in cancer stage based upon sub-site within either
stomach (cardia, fundus, body, and pylorus) or rectum
(rectosigmoid junction and rectum) was noted. For colorectal,
stomach, and pancreas cancers, tumor grade was comparable
between HL-GI and GI-1 groups. However, a greater
proportion of HL-esophagus patients had poorly differentiated
cancer (P = 0.027). No difference in initial treatment for HL-GI
and GI-1 cancers was observed in any site.

vital status at last follow-up and cause of death
Supplementary Table S3, available at Annals of Oncology
online, outlines vital status at the time of last follow-up and
cause of death for HL-GI and GI-1 groups. Overall median
follow-up of the HL-GI group was 14 months after GI cancer
diagnosis. HL survivors with subsequent colorectal cancer had
a median follow-up of 23 months, while patients with stomach,
pancreas, and esophagus cancers had a median follow-up of
>10 months (9.0, 4.5, and 5.5 months respectively). Among
patients alive at the last follow-up, the median follow-up was
49 months (54 months for colorectal and 23 months for other
sites). Of 209 HL-GI patients, 147 (70%) were deceased; 59%
of colorectal cancer patients and 83% of patients with other GI
cancers had died. Among patients with localized HL-colon
cancer, comparable percentages died from colon cancer (23%)
and other cancers (23%), while 15% of deaths were due to HL.

Annals of Oncology original articles

Volume 24 | No. 1 | January 2013 doi:10.1093/annonc/mds218 | 

http://annonc.oxfordjournals.org/lookup/suppl/doi:10.1093/annonc/mds218/-/DC1
http://annonc.oxfordjournals.org/lookup/suppl/doi:10.1093/annonc/mds218/-/DC1


On the other hand, 63% of deaths among patients with
regional or distant HL-colon cancer were attributed to colon
cancer, similar to 63% of deaths in the GI-1 group. Sixty-eight
percent of deaths among HL survivors with cancer of the
stomach, esophagus, and pancreas were due to the respective
GI cancers. Twenty-four HL-GI patients died of other cancers
and 27 died of noncancer causes.

survival of HL-GI versus GI-1 groups
Supplementary Table S4, available at Annals of Oncology
online, and Figure 1 compare survival between HL-GI and
GI-1 groups. The HL patients who developed localized colon
cancer had similar survival to GI-1 patients, whereas those
with regional or distant disease had a significantly increased
risk of death [hazard ratio (HR) = 1.46, 95% CI 1.1–1.95]. In
particular, HL survivors with regional or distant stage cancers
in the transverse colon segment had especially high risks of
mortality (HR = 2.7 and 2.6; 95% CI 1.5–4.6 and 1.4–4.7;
P = 0.001 and 0.002 for OS and CSS, respectively). HL-GI and
GI-1 outcomes after rectal cancer were similar to colon cancer.
Mortality after regional and distant stage rectal cancer among
HL survivors was increased more than twofold, while
outcomes after localized disease were not significantly different
between HL-GI and GI-1 groups. For localized stomach
cancer, OS for HL-stomach was reduced compared with
primary stomach cancer, with a HR of 3.46 (95% CI 1.44–
8.32). However, this observation was based on eight deaths in
the HL-GI group. Owing to the small number of HL-GI

patients in each site, analyses based on patient or treatment
factors that may affect the survival after GI cancers were not
carried out.

discussion
To our knowledge, this is the first population-based study on
outcomes after a diagnosis of second primary GI cancers
among HL survivors. The large cohort of HL patients (n = 18
671) enabled us to identify a substantial number of second GI
cancers for comparison with the general US population, with
all study subjects derived from the SEER program. After
adjusting for age and calendar year at GI cancer diagnosis,
socioeconomic status, and cancer treatment variables, we
found that HL survivors with regional or distant stage colon
cancer and localized stage stomach cancer had inferior OS
than patients who developed de novo GI malignancies, with
significant HRs of 1.46 and 3.46, respectively. HL survivors
who developed localized esophageal cancer or regional or
distant stage rectal cancer also experienced significantly
increased risk of deaths, albeit based upon only 4 and
11 deaths, respectively.

risks of subsequent GI cancers
It is well established that HL survivors are at the increased risk
of developing subsequent cancers in the GI system [5, 7–10,
17]. Factors associated with increased risk of second GI cancers
include alkylating agents [17], radiotherapy [5, 7–10], and

Table 1. Patient and tumor characteristics at time of HL diagnosis

GI sites All Colon Stomach Pancreas Rectum Esophagus

Characteristics Number % Number % Number % Number % Number % Number %

Number of patients 209 105 35 30 21 18
Age at HL diagnosis (years)
<15 4 2 1 1 1 3 1 3 0 0 1 6
15–39 79 37 30 29 23 66 12 40 5 24 7 39
40–59 73 35 39 37 6 17 11 37 9 43 8 44
>60 55 26 35 33 5 14 6 20 7 33 2 11

Year of diagnosis
1973–1979 77 37 35 33 20 57 12 40 4 24 6 33
1980–1989 79 38 44 42 11 31 10 33 8 38 6 33
1990–2007 53 25 26 25 4 11 8 27 9 43 6 33

Subtype

Nodular sclerosis 102 49 47 45 18 51 16 53 10 48 11 61
Mixed cellularity 54 25 31 30 11 31 6 20 4 19 2 11
Other 38 18 12 11 6 17 8 27 7 33 5 28
Unknown 15 7 15 14 0 0 0 0 0 0 0 0

Stage of HLa

I 60 29 32 30 8 23 13 43 4 19 3 17
II 50 24 25 24 9 26 7 23 8 38 1 6
III/IV 99 47 48 46 18 51 10 33 9 43 14 78

Radiotherapy
Yes 114 55 55 52 24 69 13 43 13 62 9 50
No 92 44 48 46 11 31 17 57 8 38 8 44
Unknown 3 1 2 2 0 0 0 0 0 0 1 6

aRefer to reference [11].
HL, Hodgkin’s lymphoma; GI, gastrointestinal.
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younger age at HL diagnosis [6, 7, 9], while other pertinent
factors such as heritable cancer syndromes or geographic area
have not been analyzed in these retrospective studies. Use of
larger radiation field including abdomen and pelvis was shown
to be associated with the higher risk of second cancers [5].
However, no prospective studies showed dose- and field-
dependent association between abdominal radiation and
second GI cancer risk. Hodgson et al. [6] pointed out the need
for early screening for colorectal cancer in selected HL
survivors as the risk of colorectal cancer by age 40 of patients
who were treated before age 25 was higher than the risk in
50-year olds in the general population. A prospective clinical

trial that looks into the benefit of colonoscopy screening on
young patients who received abdominal radiation more than
10 years ago is in progress.
Increased risk of second cancers among HL survivors

translates into increased mortality. Studies by Aleman et al. [2]
and Ng et al. [18] showed that mortality from second cancers
after HL exceeds that due to HL 15–30 years after treatment.
Cancer mortality, however, is not only influenced by

incidence, but also by disease characteristics such as clinical
stage and tumor biology. Recent reports [11, 19] analyzed the
characteristics and outcome of second breast cancer among HL
survivors compared with those of first primary cancers in

Table 2. Patient and tumor characteristics at time of GI cancer diagnosis

Characteristics Colon Stomach Pancreas Rectum Esophagus

HL-GI GI-1 HL-GI GI-1 HL-GI GI-1 HL-GI GI-1 HL-GI GI-1

Number of patients 105 240 459 35 53 131 30 62 336 21 97 256 18 23 410
Age at GI cancer diagnosis (years)
Median 63 71 52 69 61 69 58 67 58 66
<49 20% 7% 46% 10% 30% 7% 24% 10% 28% 9%
50–69 44% 39% 40% 42% 43% 44% 52% 47% 61% 55%
70+ 36% 54% 14% 48% 27% 48% 24% 43% 11% 37%
P <0.0001 <0.0001* 0.013* 0.01* 0.000587

Gender
Male 54% 48% 71% 63% 63% 51% 76% 56% 78% 76%
Female 46% 52% 29% 37% 37% 49% 29% 44% 22% 24%
P 0.204 0.3819 1* 0.1356 0.2016

Latency (years)
<10 30% NA 22% NA 34% NA 62% NA 28% NA
10–20 39% NA 46% NA 30% NA 24% NA 44% NA
20–30 21% NA 31% NA 37% NA 14% NA 28% NA

Cancer stage
Localized 33% 37% 23% 23% 3% 12% 48% 46% 22% 32%
Regional 39% 40% 40% 36% 43% 32% 43% 37% 61% 33%
Metastatic 28% 23% 37% 41% 53% 69% 10% 18% 17% 35%
P 0.4579 0.908 0.05482* 0.6805* 0.1479*

Grade
I 11% 11% 0% 5% 13% 6% 0% 11% 6% 6%
II 52% 50% 20% 19% 30% 14% 67% 52% 6% 30%
III 16% 16% 49% 44% 10% 17% 14% 13% 67% 38%
IV 3% 1% 11% 4% 0% 2% 0% 1% 6% 3%
Unknown 17% 21% 20% 27% 47% 61% 19% 23% 17% 23%
P 0.4596*a 0.1682*a 0.1018*a 0.1018*a 0.02706*a

Surgery
Yes 91% 92% 30% 30% 44% 44% 95% 88% 30% 15%
No 9% 7% 70% 70% 56% 56% 5% 11% 70% 80%
Unknown 0% 1% 0% 0% 0% 0% 0% 1% 0% 5%
P 0.5718a 0.8598a 0.04173a 0.04173a 0.4593a

Radiotherapy
Yes 3% 3% 29% 29% 17% 17% 59% 19% 29% 10%
No 96% 97% 90% 90% 56% 56% 81% 70% 90% 18%
Unknown 1% 0% 0% 0% 0% 0% 0% 1% 0% 82%
P 1*a 0.8238a 0.3447*a 0.3447*a 0.2266a

P values represent chi-squared test comparing the distribution between HL-GI and GI-1 patients for the GI sites and the indicated variables.
aRepresents chi-squared test omitting patients with unknown variables.
*Represents P values from fisher’s exact test.
GI, gastrointestinal; HL-GI, cancer in the gastrointestinal tract after Hodgkin’s lymphoma; GI-1, first or only primary cancer in the gastrointestinal tract;

NA, not available.
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matched cohorts, and found that second cancers occur earlier
and survival is worse. While the increased risk of second GI
cancer among HL survivors is well established, our study is the
first to report inferior outcome of second GI cancers compared
with primary GI cancers.

survival after subsequent colon cancer
HL survivors developed colon cancer at a significantly younger
age than patients with a first primary colon cancer. Though
survival of HL patients who developed localized colon cancer
was similar to that of the GI-1 group, age-matched OS of HL
patients with regional or distant stage colon cancer was
significantly reduced by almost 50%. Among colon cancer
patients in the general population, younger age has been
reported to be a poor prognostic factor, perhaps attributable to
more aggressive disease in the young [20–23]. However,
O’Connell et al. [24] reported that the inferior survival among
young patients was attributed to a higher frequency of stage
III-IV disease; the stage-specific survival of younger patients
was similar or better compared with older patients. While the
age-matched OS of HL patients with regional or distant stage
colon cancer was worse, we could not appreciate inferior CSS
or increased deaths due to other medical causes.
In our study, no significant difference in pathologic stage of

colon cancer existed between HL-GI and GI-1 groups, when
examined by age. In subgroup analyses, however, the frequency
of more advanced stage disease in the transverse colon was
greater in HL-GI patients, who also experienced a significantly
reduced OS and CSS. While we were able to show that
transverse segment of colon receives significantly higher dose
of radiation in modeling of abdominal RT for HL, there was
no significantly increased risk of second cancer in transverse
segment after RT. Whether higher radiation doses result in the
development of more aggressive colon cancers has not been
studied to our knowledge and could not be answered from
our study.

survival after subsequent stomach cancer
For early noninvasive stomach cancer in the general
population, younger age is associated with improved survival
[25, 26]. In contrast, we found that HL survivors developed
localized stomach cancers at a younger age compared with the
patients with primary localized stomach cancer and had a
poorer outcome (HR = 3.46). However, it is important to note
that a small number (n = 8) of patients warrants cautious
interpretation of this result. Also, we could not analyze the
independent effect of age on survival. It is possible that
radiation-induced stomach cancer has more aggressive tumor
biology. While further research is needed to explain the

Figure 1. Comparison of overall survival between HL-GI and GI-1 for
(A) regional or distant colon cancer, overall (B) regional or distant colon
cancer in the transverse segment, (C) localized stomach cancer. For
regional or distant colon, 25 340 colon-1 R/D patients were randomly
selected from within strata matched to the 70 HL-colon R/D patients; for
regional or distant transverse colon, 4294 colon-1 R/D transverse patients
were randomly selected from within strata matched to the 19 HL-colon

R/D patients; and for localized stomach, 1672 stomach-1 patients were
randomly selected from within strata matched to the eight HL-stomach
patients. The strata are defined by age and year at diagnosis (age: <50,
50–60, 60–70, ≥70 years and year at diagnosis: <1990, 1990–2000, ≥2000).
These matching analyses were repeated 100 times, and the calculated
Kaplan–Meier actuarial survivals of the group with first primary GI cancers
represent a weighted average of 100 matched survival curves.
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inferior survival after localized stomach cancer among HL
survivors, early diagnostic evaluation upon presentation of
dyspectic symptoms in patients who have additional risk
factors for stomach cancer, such as a history of infection with
Helicobacter pylori [27, 28], and tobacco use [29], may improve
outcomes. In Japan, where the general population has an
eightfold greater incidence of gastric cancer than in Western
populations [30, 31], endoscopic screening results in diagnosis
of gastric cancer at an earlier age, earlier nodal stage at
diagnosis, and improved CSS [32].

noncancer mortality
Overall, 51 of 147 deaths were due to other cancers or
noncancer causes (data not shown). Because of the small
number of deaths from these causes, we were not able to
compare mortality from other cancers or noncancer causes
between HL-GI and GI-1 subgroups, as we had done in a
similar analysis of breast cancer patients [11].

summary
Through a large population-based analysis that minimized
selection bias and improved generalizability, we report
significantly inferior OS among HL survivors who developed
subsequent advanced colorectal or localized stomach
malignancies compared with patients presenting with similar
de novo cancers. This finding along with the increased risk of
developing second GI malignancies among HL survivors,
which persists more than years, and the importance of lifelong
vigilance in this vulnerable population. Strengths of the current
study include the sizable number of patients (476 592 patients
with de novo GI cancer and 209 patients with GI cancer after
HL) identified in a large population-based setting. Substantial
patient numbers allowed for analyses of outcomes according to
GI site and stage. Known limitations of SEER data include a
lack of detailed information with regard to radiotherapy and an
absence of chemotherapy data. Further, lifestyle and social
factors associated with the development of cancers in the GI
tract are not recorded (i.e. diet and alcohol use). Future
research should continue to address the relationship between
the dose of chemotherapy or radiation to specific organs and
the subsequent risk of GI cancers, as well as the interaction
with other established risk factors. Improved understanding of
treatment-related risk regarding second GI cancer will help in
the consideration of screening guidelines for patients at
highest risk.
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Prognostic value of metabolic tumor volume measured
by 18F-FDG PET/CT in advanced-stage squamous cell
carcinoma of the larynx and hypopharynx
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Background: Metabolic tumor volume (MTV) of 18F-FDG PET/CT is a volumetric measurement of tumor cells with
increased 18F-FDG uptake. We evaluated the prognostic value of MTV in patients with locoregionally advanced
laryngeal and hypopharyngeal cancer.
Patients and methods: We evaluated 81 patients with advanced-stage squamous cell carcinoma of the
laryngohypopharynx who underwent 18F-FDG PET/CT between January 2004 and September 2009.
Clinicopathologic factors and MTV were analyzed for their association with locoregional control (LRC) and overall
survival (OS).
Results: The 3-year LRC and OS for all patients were 70.9 and 78.7%, respectively, with a median follow-up
of 40.4 months (range 24.5–90.1). In univariate analyses, MTV, primary site, and primary treatment strategy
were associated with both LRC and OS (P < 0.05). On multivariate analysis, MTV was an independent
prognostic factor for both LRC [P = 0.018; HR = 3.141, 95% confidence interval (CI) = 1.175–8.399] and OS
(P = 0.008; HR = 3.758, 95% CI = 1.415–9.982). Primary site was also a significant prognostic factor for LRC
(P = 0.047).
Conclusion: Pretreatment MTV is an independent prognostic factor in patients with locoregionally advanced
squamous cell carcinoma of the larynx and hypopharynx.
Key words: laryngohypopharynx, metabolic tumor volume, PET, prognostic factor, squamous cell carcinoma
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