
Risk of esophageal cancer following radiotherapy
for Hodgkin lymphoma

Advances in Hodgkin lymphoma (HL) treatment have
dramatically improved prognosis, with 5-year relative sur-
vival now over 80% in the United States (US) and Europe.
However, subsequent malignancies, often occurring as late
adverse effects of treatment,  are a leading cause of mor-
bidity and mortality among HL survivors. 

Radiotherapy has been an important component of HL
treatment for decades. Despite substantial evolution in
radiotherapy fields and techniques to reduce normal tissue
exposure,1 the esophagus is commonly exposed to ionizing
radiation even with current HL treatment approaches (e.g.
involved-field radiotherapy, intensity-modulated radio-
therapy) because more than 90% of HL patients present
with involvement of the lymph nodes in the mediastinum
and/or neck.2 Elevated esophageal cancer risk after HL has
been reported in registry-based studies and clinical series,3-

7 with higher risks among patients treated with radiother-
apy.5,7 However, no previous study has investigated
esophageal cancer risk among HL survivors with detailed
treatment data and long-term follow up. 

We conducted an international nested case-control
study to quantify risk of esophageal cancer in relation to
specific HL treatments among 19,882 patients who sur-
vived five years or more following diagnosis with first pri-
mary, histologically-confirmed HL. HL patients, diagnosed
during 1943-1992 and followed through 2005, were iden-
tified through 6 population-based cancer registries in
Europe and North America (n=17,447) and a Dutch hospi-
tal-based cohort (n=2435; additional detail provided in
Online Supplementary Appendix). The 37 HL patients with a
registry report of second primary esophageal cancer were
eligible for inclusion (regardless of their treatment history).
Two controls per case were individually matched by reg-
istry, race, birth date (±5 years), HL diagnosis date (±5
years), hospital of diagnosis (in Norway only; Radium
Hospital vs. others), and survival without subsequent can-
cer at least as long as the matched case’s interval from HL
to esophageal cancer. The final study population with
available records included 36 cases and 71 controls. The
study was approved by authorities in each study center
and exempted from IRB review by the National Cancer
Institute.

Detailed data on patient demographics, HL diagnosis,
HL treatments (for both initial and relapsed disease), and
potential esophageal cancer risk factors (cigarette smoking,
alcohol consumption, height, weight, and family history of
cancer in a first-degree relative) were abstracted from all
available medical records. For cases, esophageal cancer
diagnosis was also confirmed and information on tumor
location was abstracted. Patients who received radiothera-
py generally were treated with cumulative target doses of
25-40 Gy using conventional fractionation. Radiation
doses were reconstructed for each patient at 24 points
located centrally in the esophagus plus the gastroe-
sophageal junction, summing doses received from all treat-
ments. Chemotherapy analyses evaluated cumulative
number of alkylating agent (AA)-containing cycles, receipt
of specific regimens, and cumulative dose (mg/m2) for spe-
cific AAs. Abstracted data on cigarette smoking and alco-
hol consumption included amount and current use at the
time of medical record report or year of quitting. To mini-
mize potential bias arising from more complete informa-

tion on smoking, alcohol, and family history of cancer for
cases than controls, only data recorded at least one year
preceding esophageal cancer diagnosis (comparable date
for controls) were used. Former smokers were identified
by medical record reports indicating that the patient quit
five years or more preceding esophageal cancer diagnosis
(comparable date for controls). Among patients with avail-
able data on cigarette smoking (24 of 36, 67% cases; 44 of
71, 62% controls), information was typically collected at
the time of HL diagnosis (24 cases, 42 controls) or within
two years of HL diagnosis (2 controls). Body mass index
(BMI, kg/m2) was computed at HL diagnosis. 

Conditional logistic regression models estimated the rel-
ative risk of esophageal cancer in relation to HL treatments
with odds ratios (ORs) and corresponding 95% confidence
intervals (CIs). Analyses of radiotherapy risks used dose to
the esophageal tumor midpoint (comparable location for
controls) considering both categorical and continuous radi-
ation dose. For the continuous analysis, the excess odds
ratio per Gy (EOR/Gy) was estimated by the model
OR=exp(∑jαjxj)[1+βz], where z=radiation dose,
β=EOR/Gy, and xj=covariates (e.g. chemotherapy).
Heterogeneity in the radiation-related esophageal cancer
risks in patient subgroups was evaluated under the multi-
plicative model with a likelihood ratio test. Cumulative
incidence of second primary esophageal cancer was esti-
mated with death and other second cancers as competing
risks.8 

Median age at HL diagnosis in our study population was
34 years and half the cases were diagnosed in 1975 or later
(Table 1). Most patients received radiotherapy, either with
chemotherapy (50% cases, 39% controls) or without
chemotherapy (47% cases, 46% controls). Occurrence of
second primary esophageal cancer was rare, with an esti-
mated cumulative incidence in the population-based
cohort of 0.38% (95%CI: 0.23-0.53%) at 30 years. Median
age at esophageal cancer was 54 years, with 75% of
esophageal cancers arising 12 years or more after HL
(median time from HL to esophageal cancer=16 years).
Thirty-two (89%) cases were known to be deceased, with
a median overall survival time following esophageal cancer
diagnosis of seven months (range 0-5.6 years).

Nearly all cases (97%) and 76% of controls received
supradiaphragmatic radiotherapy (OR=10.8: 95%CI: 2.1-
199.0) (Table 2). Mean doses to the esophageal tumor loca-
tion were 28.4 Gy for controls who received supradi-
aphragmatic radiotherapy versus 8.2 Gy for those who
received only subdiaphragmatic radiotherapy. Esophageal
cancer risk was 4.3-fold higher (95%CI: 1.5-15.3) among
patients who received 30 Gy or more to the esophagus ver-
sus less than 30 Gy or no radiotherapy. Note that because
patients in the referent group were exposed, the OR
underestimates the risk at doses or 30 Gy or more relative
to an unexposed group. The small numbers of cases receiv-
ing low doses precluded detailed evaluation of the shape
of the radiation dose response, but data were compatible
with linearity (EOR/Gy=0.38; 95%CI: 0.04-8.17; Ptrend

<0.001). Radiation-related risks were consistent for
esophageal adenocarcinoma and squamous cell carcinoma
(Phomogeneity=0.847) and did not vary significantly according to
age at exposure or sex, though risks were suggestively
higher for esophageal cancer diagnosed at an older age
(≥55 vs. <55 years; Phomogeneity=0.029) (Online Supplementary
Table S1). However, statistical power was low for investi-
gating such variation. Cases were somewhat more likely
than controls to have relapsed disease (42% vs. 30%)
(Table 1), but inclusion of an indicator variable for HL
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Table 1. Characteristics of Hodgkin lymphoma (HL) patients who subsequently developed esophageal cancer (n=36) and matched controls (n=71).                                                                                  
                                                                                                       Cases                                                                Controls              

Characteristic                                                                     N                                (%)                                  N                                   (%)

Study center                                                                                                                                                                                                                                   
Denmark                                                                                           4                                     (11%)                                        7                                          (10%)
Finland                                                                                              7                                     (19%)                                       14                                        (20%)
Iowa                                                                                                   1                                      (3%)                                         2                                           (3%)
Ontario                                                                                              9                                     (25%)                                       18                                        (25%)
Sweden                                                                                             4                                     (11%)                                        8                                          (11%)
Norway                                                                                              2                                      (6%)                                         4                                           (6%)
Netherlands                                                                                     9                                     (25%)                                       18                                        (25%)

Sex                                                                                                                                                                                                                                                    
Male                                                                                                    22                                    (61%)                                       43                                        (61%)
Female                                                                                               14                                    (39%)                                       28                                        (39%)

Year of HL diagnosis                                                                                                                                                                                                                    
<1970                                                                                                  10                                    (28%)                                       19                                        (27%)
1970-79                                                                                               13                                    (36%)                                       30                                        (42%)
1980+                                                                                                  13                                    (36%)                                       22                                        (31%)

Age at HL diagnosis (years)                                                                                                                                                                                                       
<25                                                                                                       5                                     (14%)                                       12                                        (17%)
25-39                                                                                                   16                                    (44%)                                       29                                        (41%)
40-54                                                                                                     9                                     (25%)                                       21                                        (30%)
55+                                                                                                       6                                     (17%)                                        9                                          (13%)

HL histology                                                                                                                                                                                                                                    
Nodular sclerosis                                                                            15                                    (42%)                                       32                                        (45%)
Mixed cellularity                                                                               6                                     (17%)                                       19                                        (27%)
Lymphocyte predominant                                                               4                                     (11%)                                        5                                           (7%)
Other/unspecified *                                                                       11                                    (31%)                                       15                                        (21%)

HL stage                                                                                                                                                                                                                                          
I                                                                                                            12                                    (33%)                                       16                                        (23%)
II                                                                                                          20                                    (56%)                                       39                                        (55%)
III                                                                                                          2                                      (6%)                                        11                                        (15%)
IV                                                                                                          2                                      (6%)                                         5                                           (7%)

HL treatment summary                                                                                                                                                                                                               
Radiotherapy + chemotherapy†                                                   18                                    (50%)                                       28                                        (39%)
Radiotherapy (no chemotherapy)‡                                             17                                    (47%)                                       33                                        (46%)
Chemotherapy (no radiotherapy)                                                1                                      (3%)                                        10                                        (14%)

HL relapse during follow up                                                                                                                                                                                                       
No                                                                                                        21                                    (58%)                                       50                                        (70%)
Yes                                                                                         <Nessuno(a)>5                      (42%)                                       21                                        (30%)

Age at esophageal cancer diagnosis (years)                                                                                                                                                                          
<40                                                                                                       3                                      (8%)                                                                                          
40-49                                                                                                   11                                    (31%)                                                                                         
50-59                                                                                                   12                                    (33%)                                                                                         
60-69                                                                                                     5                                     (14%)                                                                                         
70+                                                                                                       5                                     (14%)                                                                                         

Interval from HL to esophageal cancer (years)                                                                                                                                                                    
5-9                                                                                                         5                                     (14%)                                                                                         
10-14                                                                                                   11                                    (31%)                                                                                         
15-19                                                                                                     8                                     (22%)                                                                                         
20-24                                                                                                     6                                     (17%)                                                                                         
25+                                                                                                       6                                     (17%)                                                                                         

Esophageal cancer histology                                                                                                                                                                                                     
Adenocarcinoma                                                                               9                                     (25%)                                                                                         
Squamous cell carcinoma                                                             24                                    (67%)                                                                                         
Unspecified§                                                                                      3                                      (8%)                                                                                          

Esophageal cancer stage                                                                                                                                                                                                             
I/II                                                                                                        14                                    (39%)                                                                                         
III/IV                                                                                                    20                                    (56%)                                                                                         
Unknown                                                                                             2                                      (6%)                                                                                          

Esophageal cancer site‖ �                                                                                                                                                                                                            
Upper/cervical esophagus                                                              9                                     (25%)                                                                                         
Middle/thoracic esophagus                                                            6                                     (17%)                                                                                         
Lower/abdominal esophagus                                                        11                                    (31%)                                                                                         
Gastroesophageal junction                                                            3                                      (8%)                                                                                          
Overlapping                                                                                        5                                     (14%)                                                                                         
Unknown                                                                                             2                                      (6%)                                                                                         

*Includes lymphocyte depleted HL (1 case), Hodgkin granuloma (4 cases, 8 controls) and unspecified histology (6 cases, 7 controls). †Includes chemotherapy and radiotherapy
as initial treatment (8 cases, 11 controls) or treatment for relapse after initial radiotherapy or chemotherapy (6 cases, 9 controls). Also includes radiotherapy as initial treatment
and chemotherapy for relapse (4 cases, 5 controls; median time between treatments 1.6 years, range 0.2-13.7) and chemotherapy as initial treatment and radiotherapy for
relapse (3 controls; median time between treatments 0.4 years, range 0.3-1.7). Initial treatment was defined from the start of treatment until the occurrence of a >3-month period
without treatment. All treatments occurring after that time were considered subsequent therapy. ‡Includes 1 case with unknown chemotherapy. §Includes histologically confirmed
esophageal cancer with unknown histology (2 cases) and not histologically confirmed (1 case). ‖Esophageal cancer site was assigned based on tumor location data (proxi-
mal/distal ends, length) abstracted from endoscopy reports and imaging studies.  Regions of the esophagus were defined by bony landmarks: upper/cervical (C6-T2),
middle/thoracic (T3-T7), and lower/abdominal (T8-gastroesophageal junction). Overlapping sites includes upper/middle (2 cases) and middle/lower (3 cases). Analyses of
radiotherapy risks used dose to the esophageal tumor midpoint (mean of the middle three points; comparable location for controls); for the 2 (6%) cases with unknown tumor
location, analyses used dose to the esophagus midpoint (mean of T6/7, T7, and T7/8).



recurrence in the conditional logistic regression model was
not statistically significant (P=0.230) and did not materially
alter the radiation-related risk (data not shown).

We provide the first investigation of esophageal cancer
in a large cohort of HL survivors with long-term follow up,
individual radiation dose reconstruction, and chemothera-
py data. Combining our study results with the only other
study of esophageal cancer with radiation dose reconstruc-
tion to the esophageal tumor (following radiotherapy for
breast cancer)9 yielded a pooled EOR/Gy of 0.10 (95%CI:
0.05-0.18; Phomogeneity=0.202). These two studies substantially
expand the evidence for a link between ionizing radiation
exposure and esophageal cancer10 and complement previ-
ous studies of esophageal cancer in populations exposed to
lower radiation doses, including patients treated for anky-
losing spondylitis (ERR/Gy=0.17; 95%CI: 0.09-0.25)11 and
Japanese atomic bomb survivors (ERR/Gy=0.52; 90%CI:
0.15-1.0).12

We observed little evidence of association between

receiving AA-containing chemotherapy and esophageal
cancer risk (OR=1.3; 95%CI: 0.5-4.0), even after consider-
ing the number of AA-containing cycles, specific regimens,
and individual AAs (Table 2). A non-significant increased
risk was observed for patients who received MOPP
(mechlorethamine, vincristine, procarbazine, and pred-
nisone), with or without other AAs (OR=2.4 and 3.0,
respectively), but no trend was observed with increasing
numbers of cycles (Ptrend=0.964 and 0.195, respectively).
There was no significant difference in radiation-related
risks according to whether patients received AA-contain-
ing chemotherapy (Phomogeneity=0.874) (Online Supplementary
Table S1). The lack of association between chemotherapy
and esophageal cancer contrasts with recent reports of
AA-related increased risks for stomach and lung cancers
following HL and colorectal cancer following childhood
cancer (including HL).13,14 Our chemotherapy results should
be interpreted with caution in the light of the relatively
small number of patients and may not be applicable to cur-
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Table 2. Risk of esophageal cancer after specific treatments for Hodgkin lymphoma.

Cases Controls
(n=36) (n=71) 

HL treatment n (%) Mean n (%) Mean OR (95%CI) Ptrend *

A. Radiotherapy fields
No radiotherapy 1 (3%) 0.0 Gy 10 (14%) 0.0 Gy 1.0 (referent)
Subdiaphragmatic field(s) only 0 (0%) 0.0 7 (10%) 8.2
Any supradiaphragmatic field(s)† 35 (97%) 34.1 54 (76%) 29.0 10.8 (2.1, 199.0)
B. Radiation dose (Gy)‡

0 1 (3%) 0.0 Gy 10 (14%) 0.0 Gy 1.0 (referent)
0.1-19.9 4 (11%) 2.5 20 (29%) 3.4
20.0-29.9 4 (11%) 23.3 5 (7%) 24.9
30.0-39.9 10 (28%) 37.0 11 (16%) 36.3 5.0 (1.3, 23.6)
≥40 17 (47%) 42.5 24 (34%) 41.7 3.9 (1.3, 15.0) <0.001

<30 9 (25%) 11.5 Gy 35 (50%) 5.5 Gy 1.0 (referent)
≥30 27 (75%) 40.4 35(50%) 40.0 4.3 (1.5, 15.3)
C. AA chemotherapy§

No AA-containing chemotherapy 17 (49%) 0.0 cycles 35 (49%) 0.0 cycles 1.0 (referent)
Any AA-containing chemotherapy 18 (51%) 9.9 36 (51%) 7.8 1.3 (0.5 , 4.0)

Number of cycles§‖�
1-6 cycles 8 (23%) 4.1 cycles 21 (30%) 4.1 cycles 1.1 (0.4 , 3.8)
≥7 10 (29%) 14.6 15 (21%) 12.9 1.7 (0.5, 7.4) 0.492

Chemotherapy regimen§,¶

MOPP 10 (29%) 5.6 cycles 16 (23%) 5.0 cycles 3.0 (0.6, 18.5) 0.195
MOPP + other AAs 3 (9%) 14.7 9 (13%) 15.2 2.4 (0.3, 20.6) 0.964
Other AAs only 5 (14%) 15.8 11 (15%) 5.8 0.6 (0.1, 2.6) 0.539

Specific AAs§,**

Procarbazine 18 (51%) 7861.3 mg/m2 32(45%) 6011.5 mg/m2 1.7 (0.6, 5.4) 0.319
Nitrogen mustard 13 (37%) 46.7 26 (37%) 49.3 2.1 (0.6, 9.0) 0.536
Cyclophosphamide 4 (11%) 9674.5 11 (15%) 13848.0 0.9 (0.2, 3.5) 0.924

AA: alkylating agent; CI: confidence interval; Gy: Gray; HL: Hodgkin lymphoma; OR: odds ratio. *Ptrend in dose was calculated using continuous variables on a linear scale for
radiation or log-linear scale for AA chemotherapy. †Supradiaphragmatic radiotherapy was typically mantle field (24 cases, 34 controls) or mediastinal field (7 cases, 11 controls;
generally 10 cm x 15 cm) irradiation.‡Radiation dose was estimated to the midpoint of the esophageal tumor (matched location for controls).  One control with unknown
radiation dose due to insufficient details on radiotherapy was modeled separately with an indicator variable and excluded from percentages. The referent group of <30 Gy was
chosen to include 4 informative case sets (i.e. the case and at least one control have different values) in the conditional logistic regression model to improve stability of the
risk estimates; for the remaining 5 cases with <30 Gy, all matched controls also received <30 Gy to that location in the esophagus and, thus, are uninformative in the conditional
logistic regression model. Because patients in the referent group were exposed, the OR underestimates the risk at doses ≥30 Gy relative to an unexposed group. §For all
chemotherapy analyses, patients who did not receive AAs comprised the referent group.  OR (95%CI) was adjusted for continuous radiation dose to the midpoint of the
esophageal tumor. One case with unknown chemotherapy was modeled separately with an indicator variable and excluded from percentages. ‖Includes both cyclic and con-
tinuous chemotherapy, with one month of continuous therapy counted as one cycle. Ptrend uses number of AA-containing cycles. ¶MOPP includes the standard MOPP regimen
(mechlorethamine, vincristine, procarbazine, and prednisone) as well as other MOPP-like chemotherapy regimens. "MOPP + Other AAs" includes MOPP+cyclophosphamide (2
cases, 2 controls); MOPP+dacarbazine (6 controls); MOPP+dacarbazine, lomustine, and cyclophosphamide (1 control); and MOPP+dacarbazine, lomustine, ifosphamide, and
prednimustine (1 case). "Other AAs only" includes procarbazine (2 cases, 2 controls); cyclophosphamide (3 controls); procarbazine and cyclophosphamide (1 case, 5 controls);
procarbazine and chlorambucil (1 case); procarbazine, chlorambucil, and cyclophosphamide (1 case); and mechlorethamine (1 control).  **Each AA was modeled separately,
with patients who did not receive AAs as the referent group. Ptrend uses cumulative dose (mg/m2).



rent HL patients treated with ABVD (doxorubicin,
bleomycin, vinblastine, and dacarbazine).1

Evaluation of other esophageal cancer risk factors (ciga-
rette smoking, alcohol consumption, overweight/obesity,
and family history of cancer) in multivariate models did
not materially alter the radiation-related esophageal cancer
risk (Online Supplementary Appendix). Nevertheless,
patients receiving chest radiotherapy should avoid ciga-
rette smoking.15

In summary, our study provides strong evidence that
extended field supradiaphragmatic radiotherapy for HL is
associated with a significantly increased risk of esophageal
cancer, a rare but frequently fatal disease. The results
should raise clinicians’ awareness of esophageal cancer risk
among HL patients and lower the threshold for use of
endoscopy to evaluate esophageal symptoms. Risks of
esophageal cancer and other second cancers warrant con-
sideration in future clinical trials of radiotherapy for HL,
and future research should confirm whether the observed
risks persist with current HL treatment approaches that
use more limited radiotherapy fields. 
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