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abstract

PURPOSE Mortality for patients with classical Hodgkin lymphoma (cHL) treated during an era characterized in
the United States by widespread use of doxorubicin, bleomycin, vinblastine, and dacarbazine and diminishing
use of radiotherapy is not well understood.

PATIENTS AND METHODS We identified 20,007 individuals diagnosed with stage I/II (early) or III/IV (advanced)
cHL between age 20 and 74 years treated with initial chemotherapy in US population-based cancer registries
during 2000-2015 (follow-up through 2016). We used standardized mortality ratios (SMRs) to compare cause-
specific relative mortality risk following cHL to that expected in the general population and estimated excess
absolute risks (EARs; per 10,000 patient-years) to quantify disease-specific death burden.

RESULTS We identified 3,380 deaths in the cHL cohort, including 1,321 (39%) not attributed to lymphoma.
Overall, noncancer SMRs were increased 2.4-fold (95% CI, 2.2 to 2.6; observed, 559; EAR, 61.6) and 1.6-fold
(95% CI, 1.4 to 1.7; observed, 473; EAR, 18.2) for advanced- and early-stage cHL, respectively, compared with
the general US population. SMRs and EARs differed substantially by cause of death and cHL stage. Among the
highest EARs for noncancer causes of death were those for heart disease (EAR, 15.1; SMR, 2.1), infections
(EAR, 10.6; SMR, 3.9), interstitial lung disease (ILD; EAR, 9.7; SMR, 22.1), and adverse events (AEs) related to
medications/drugs (EAR, 7.4; SMR, 5.0) after advanced-stage cHL and heart disease (EAR, 6.6; SMR, 1.7), ILD
(EAR, 3.7; SMR, 13.1), and infections (EAR, 3.1; SMR, 2.2) after early-stage cHL. Strikingly elevated SMRs for
ILD, infections, and AEs were observed , 1 year after cHL. Individuals age 60-74 years with advanced-stage
cHL experienced a disproportionate excess of deaths as a result of heart disease, ILD, infections, AEs, and solid
tumors.

CONCLUSION Despite evolving cHL treatment approaches, patients continue to face increased nonlymphoma
mortality risks from multiple, potentially preventable causes. Surveillance, early interventions, and cHL treat-
ment refinements may favorably affect patient longevity, particularly among high-risk subgroups.

J Clin Oncol 38:4149-4162. © 2020 by American Society of Clinical Oncology

INTRODUCTION

The long-term Hodgkin lymphoma (HL) mortality ex-
perience has been well characterized among patient
cohorts established in an era predominated by mech-
lorethamine, vincristine, procarbazine, and prednisone
(MOPP) chemotherapy and extended-field radiother-
apy.1-7 Most previous mortality studies were based on
data from academic centers or clinical trials and gen-
erally focused on younger (age, 50 years) patients with
HL and those surviving long-term.1-7

Doxorubicin, bleomycin, vinblastine, and dacarbazine
(ABVD) was introduced in the 1970s, but results of
comparative efficacy trials with MOPP did not emerge
until the 1990s.8 Because of its more favorable toxicity
profile, ABVD subsequently replaced MOPP as the
preferred frontline chemotherapy regimen for all

stages of HL in the United States.9,10 In addition,
among US adults, frontline HL therapy with radiation
alone decreased from nearly 50% in the 1970s to
, 10% during 1999-2008,11 with decreases over the
past two decades observed for early- and advanced-
stage classical HL (cHL).12,13

The modifications in HL treatment approaches have
resulted in improved overall survival over the past four
decades13,14; however, the mortality experience for
patients treated more recently is not well understood.
With the expansion of the SEER Program in 2000 to
include approximately 28% of the US population, our
primary analysis sought to better understand mortality
patterns of a cHL patient population treated with initial
chemotherapy during an era characterized by wide-
spread use of ABVDand diminishing use of radiotherapy.
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PATIENTS AND METHODS

Patient Characteristics and Follow-Up

In our primary analyses of 31,748 individuals with a di-
agnosis of first primary cHL reported to 17 SEER cancer
registry areas (SEER-17) during 2000-2015 and followed
through 2016, we identified a cohort of 24,985 treated with
initial chemotherapy after excluding 6,763 patients who
had unknown or no initial chemotherapy, unknown Ann
Arbor cHL stage, or known HIV infection15 (Fig 1). Our
primary investigation focused on the cohort of 20,007 in-
dividuals diagnosed with cHL between 20 and 74 years of
age; results for individuals , 20 and $ 75 years of age are
provided in the Data Supplement (online only).

The SEER Program collects general information (yes v no/
unknown) on initial treatment (eg, chemotherapy, radio-
therapy) only, and information on subsequent therapy is not
available. However, ABVD is an established standard initial
chemotherapeutic regimen for all stages of cHL in the
United States.9,10 Reporting of vital status and date of last
contact is required for at least 95% of all individuals re-
ported in the SEER Program, whether living or deceased
and irrespective of migration outside the cancer registry
area.16 For deceased patients, the SEER Program obtains
the underlying cause of death through the National Center
for Health Statistics,17 which is recoded to the Interna-
tional Classification of Diseases, 10th Revision (ICD-10).
We assessed cause-specific mortality disease groupings
guided by the WHO ICD-10 (Data Supplement). Because of
the potential for HL to be poorly classified as lymphoma on
death certificates, we combined all HL, lymphoma (un-
specified), and non-Hodgkin lymphoma deaths into one
category entitled lymphoma deaths.

Statistical Analyses

Person-years of follow-up were accumulated beginning at
cHL diagnosis until date of death, loss to follow-up, or study

end date (December 31, 2016), whichever occurred first.
Expected mortality in the cHL population was calculated for
each specified cause of death by multiplying mortality rates
in the general population (stratified by age, sex, race, and
calendar year period) by stratum-specific person-years of
follow-up.

We estimated relative risks of death by calculating stan-
dardized mortality ratios (SMRs) and corresponding exact
95% CIs using SEER*Stat software.18 The SMR compares
the observed number of cHL deaths with that expected in
the (age-, sex-, race-, and calendar year–matched) general
population of the same SEER areas. This observed (Obs)/
expected ratio reflects the strength of association for each
cause of death. We estimated SMRs separately for early-
stage (Ann Arbor stage I/II) versus advanced-stage (Ann
Arbor stage III/IV) cHL as a surrogate of extent of therapy.
For the most commonly occurring causes of death, we also
estimated SMRs by latency (time from cHL diagnosis to
death), sex, and age at cHL diagnosis for our primary
analytic population (SEER-17, 2000-2016).

We constructed multivariable Poisson regression models to
test for statistically significant (two-sided P , .05) het-
erogeneity of the SMRs between patient subgroups using
the AMFIT module of Epicure version 2.0 software (Risk
Sciences International, Ottawa, Ontario, Canada). The
Poissonmodels were stratified by age at cHL diagnosis, sex,
latency, and stage and included the log of the expected
number of cases as an offset to indirectly adjust for attained
age (age at time of death) and calendar year.19,20 P values
for heterogeneity were calculated using likelihood ratio tests
comparing model fit with and without the variable of
interest.

We also calculated excess absolute risks (EARs) per
10,000 person-years (EAR5 [Obs – expected]3 10,000 /
person-years).18 The EAR reflects the absolute increase in
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To characterize stage- and cause-specific mortality risks among individuals diagnosed during 2000-2015 (followed-up

through 2016) with classical Hodgkin lymphoma (cHL) in the United States and treated with chemotherapy in an era
predominated by use of doxorubicin, bleomycin, vinblastine, and dacarbazine and decreasing radiotherapy.
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risk of death (ie, the death burden) in the population. As
another measure of absolute risk, we estimated cumulative
mortality, considering deaths as a result of lymphoma, all
other nonlymphoma neoplasms (hereafter referred to as
other neoplasms), and all noncancers18,21,22 (details in Data
Supplement) using SAS 9.4 statistical software (SAS In-
stitute, Cary, NC).

Mortality Trends, 1983-2016

In a secondary analysis, we estimated the impact of
treatment changes over time on cHL mortality among
10,109 patients diagnosed with first primary cHL between
ages 20 and 74 years treated with initial chemotherapy
during 1983-2009 and followed through 2016. We aimed
to capture MOPP-, MOPP- and/or ABVD-, and ABVD-
predominant treatment eras in the background of de-
creasing radiotherapy use. Because SEER-17 data are not
available before 2000, we assessed mortality in nine SEER
cancer registry areas (SEER-9) over three calendar periods
that roughly correlated with prevalent chemotherapy regi-
mens: MOPP (1983-1991, followed through 1998), MOPP/
ABVD (1992-2000, followed through 2007), and ABVD
(2001-2009, followed through 2016; Data Supplement).15

RESULTS

Among our primary analytic cohort of 20,007 individuals
diagnosed with cHL between 20 and 74 years of age,
40% had stage III/IV cHL, and 32% were 10-year survivors
(mean follow-up, 8.0 years; Data Supplement). We ob-
served 3,380 deaths, of which 59% (n 5 1,978) were
attributed to lymphoma, 31% (n 5 1,032) to noncancers,
9% (n 5 289) to other neoplasms, and 2% (n 5 81) to
unknown causes. Deaths as a result of all causes occurred
disproportionately among males (62%), nodular sclerosis
subtype (52%), and patients treated with initial chemo-
therapy alone (80%).

Cumulative Mortality

Throughout 12 years of follow-up, cumulative mortality for
patients with cHL exceeded the estimated general pop-
ulation mortality for the three age groups studied (Fig 2;
Data Supplement). Among individuals ages 20-44 years at
cHL diagnosis, cumulative mortality rate of lymphoma
deaths (stage I/II, 5.2%; stage III/IV, 12.9%) exceeded that
of noncancer deaths (stage I/II, 2.0%; stage III/IV, 4.0%) at
12 years, irrespective of stage. Among those age 45-59 and
60-74 years at early-stage cHL diagnosis, the burden of
lymphoma deaths and noncancer deaths at 12 years was
generally similar; however, among advanced-stage cHL,
lymphoma deaths (45-59 years of age, 19.3%; 60-74 years
of age, 34.6%) exceeded noncancer deaths (45-59 years of
age, 13.1%; 60-74 years of age, 22.4%) over the 12-year
period. All age groups had a lower burden of other neo-
plasm deaths than lymphoma or noncancer deaths over the
study period.

cHL diagnosis
at age 20-74 years

Individuals (n = 20,007)
Deaths          (n = 3,380)

All first primary cHL*
Individuals                           (n = 31,748)
Deaths                                    (n = 6,904)

Treatment with initial chemotherapy        
 Individuals                           (n = 26,558)
 Deaths                                   (n = 4,931)

No known HIV infection                              
Individuals                         (n = 25,618)
Deaths                                 (n = 4,580)

Specified Ann Arbor stage                      
Individuals                       (n = 24,985)
Deaths                                (n = 4,442)

Initial radiotherapy
and no/unknown

initial
chemotherapy

Individuals      (n = 819)
Deaths             (n = 291)

No/unknown initial
chemotherapy and
no/unknown initial

radiation
Individuals (n = 4,371)
Deaths        (n = 1,682)

Known HIV infection      
 Individuals    (n = 940)
 Deaths           (n = 351)

Unknown Ann
Arbor stage

Individuals      (n = 633)
Deaths             (n = 138)

cHL diagnosis
at age < 20 years

Individuals  (n = 3,828)
Deaths            (n = 225)

cHL diagnosis
at age ≥ 75 years

Individuals (n = 1,150)
Deaths           (n = 837)

FIG 1. Flow diagram of individuals meeting inclusion criteria for the
classical Hodgkin lymphoma (cHL) study population, 17 SEER
cancer registry areas, 2000-2015 (followed through 2016). (*)
Limited to patients with cHL who were not diagnosed by autopsy or
death certificate only and patients with known age and sex.
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Cause of death: All causes (general population) All causes (cHL population, stages I-IV)

Lymphomas Noncancers Other neoplasms

0 4 8 12

10

20

30

40

50

60

70

Cu
m

ul
at

iv
e 

M
or

ta
lit

y 
(%

)

No. cHL at risk:

4,686 3,175 1,997 954

Time Since Diagnosis (years)

G

0 4 8 12
0

10

20

30

40

50

60

70

Ages 20-44 years

Cu
m

ul
at

iv
e 

M
or

ta
lit

y 
(%

)

Stage I/II cHL

A

No. cHL at risk:

13,195 9,743 6,382 3,243

0 4 8 12
0

10

20

30

40

50

60

70

Cu
m

ul
at

iv
e 

M
or

ta
lit

y 
(%

)

Stage III/IV cHL

D

No. cHL at risk:

8,509 6,568 4,385 2,289

0 4 8 12

10

20

30

40

50

60

70

Cu
m

ul
at

iv
e 

M
or

ta
lit

y 
(%

)

No. cHL at risk:

1,856 1,146 650 290

Time Since Diagnosis (years)

H

Ages 45-59 years

Stage I/II cHL

B

0 4 8 12
0

10

20

30

40

50

60

70

Cu
m

ul
at

iv
e 

M
or

ta
lit

y 
(%

)

No. cHL at risk:

4,105 2,738 1,636 744

0 4 8 12
0

10

20

30

40

50

60

70

Cu
m

ul
at

iv
e 

M
or

ta
lit

y 
(%

)

Stage III/IV cHL

E

No. cHL at risk:

2,249 1,592 986 454

0 4 8 12
0

10

20

30

40

50

60

70

Cu
m

ul
at

iv
e 

M
or

ta
lit

y 
(%

)

No. cHL at risk:

1,546 656 313 115

Time Since Diagnosis (years)

Time Since Diagnosis (years) Time Since Diagnosis (years) Time Since Diagnosis (years)

Time Since Diagnosis (years) Time Since Diagnosis (years) Time Since Diagnosis (years)

I

Ages 60-74 years

Stage I/II cHL

C

0 4 8 12
0

10

20

30

40

50

60

70

Cu
m

ul
at

iv
e 

M
or

ta
lit

y 
(%

)

No. cHL at risk:

2,707 1,329 685 256

0 4 8 12
0

10

20

30

40

50

60

70

Cu
m

ul
at

iv
e 

M
or

ta
lit

y 
(%

)

Stage III/IV cHL

F

No. cHL at risk:

1,161 673 372 141

FIG 2. Cumulative mortality among a simulated general US population and 20,007 individuals diagnosed with cHL at ages 20-74 years and
treated with initial chemotherapy: 17 SEER cancer registry areas, 2000-2015 (followed through 2016). (A-C) Cumulative mortality as a result of
all causes in the general population and classical Hodgkin lymphoma (cHL) population according to age group. (D-F) Cumulative mortality as
a result of lymphomas, noncancers, and other neoplasms among patients diagnosed with stage I/II cHL according to age group. (G-I) Cumulative
mortality as a result of lymphomas, noncancers, and other neoplasms among patients diagnosed with stage III/IV cHL according to age group.
Shaded areas (and error bars) represent the upper and lower bounds of the 95% CI for cumulative mortality.
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Disease- and Stage-Specific Risks of Death

Compared with the general population, the relative risk of
death as a result of any cause (excluding lymphoma)
was increased 1.8-fold (95% CI, 1.7 to 1.9; Obs, 1,321) in
our cHL cohort, corresponding to 39.6 excess deaths/
10,000 person-years (Data Supplement). This risk was
significantly higher after advanced cHL (SMR, 2.2; 95% CI,
2.0 to 2.4; Obs, 703; EAR, 71.7) than early-stage cHL
(SMR, 1.5; 95% CI, 1.4 to 1.6; Obs, 618; EAR, 21.7;
Pdifference [Pdiff] , .001; Table 1), with lower risks among
a younger population treated with initial chemotherapy and
radiation (Data Supplement).

Deaths as a result of noncancer causes accounted for most
nonlymphoma deaths, with the highest SMRs increased
2.4-fold (95% CI, 2.2 to 2.6; Obs, 559; EAR, 61.6) after
advanced cHL and 1.6-fold (95% CI, 1.4 to 1.7; Obs, 473;
EAR, 18.2) after early cHL (Pdiff 5 .001); however, cause-
specific risks varied substantially. After advanced-stage
cHL, the highest SMRs for noncancer causes of death
were observed for interstitial lung disease (ILD) (SMR, 22.1;
95% CI, 16.6 to 28.8), followed by three- to 10-fold in-
creased SMRs for benign hematologic diseases, adverse
events related to medication/drug exposure (hereafter re-
ferred to as adverse events [AEs]), and infections (including
septicemia, pneumonia and influenza, and GI). Lower but
statistically significant SMRs (advanced-stage cHL, 1.8-
2.1) also were observed for deaths as a result of chronic
liver disease, cerebrovascular disease, heart disease,
chronic obstructive pulmonary disease (COPD), and nephritic/
nephrotic diseases. However, among patients with stage
III/IV cHL, the highest EARs were observed for heart dis-
ease (15.1), ILD (9.7), infections (10.6), and AEs (7.4), with
lower EARs of 2.4-3.8 for septicemia, pneumonia and
influenza, benign hematologic diseases, cerebrovascular
disease, and COPD. Following early-stage cHL, the highest
noncancer SMRs also were observed for ILD (13.1; 95%CI,
9.2 to 17.9), with two- to threefold increased SMRs for
infections, benign hematologic diseases, and AEs and
lower (SMR, 1.7), but significantly increased risks for di-
gestive diseases, diabetes, and heart disease. The greatest
noncancer death burden for stage I/II cHL was a result of
heart disease (EAR, 6.6), ILD (EAR, 3.7), infections (EAR,
3.1), and AEs (EAR, 2.5).

Other neoplasms accounted for nearly 25% of all non-
lymphoma deaths regardless of cHL stage (Obsstage I/II, 145;
Obsstage III/IV, 144). Risks were significantly elevated for
death as a result of myelodysplastic syndrome/acute my-
eloid leukemia (MDS/AML; SMRstage I/II, 4.5 [95% CI, 2.3 to
7.9]; SMRstage III/IV, 7.9 [95% CI, 4.6 to 12.7]). Lung cancer
accounted for themajority of all solid neoplasm deaths, with
elevated risks among early-stage cHL (SMR, 1.4; 95% CI,
1.0 to 1.9) and advanced-stage cHL (SMR, 1.8; 95% CI,
1.3 to 2.4). Excess deaths as a result of other neoplasms
accounted for approximately 15% of the total excess deaths
in the cHL cohort, after excluding lymphomas (EARstage I/II,

3.4; EARstage III/IV, 10.1), with the largest excess deaths
occurring for all solid neoplasms (EAR, 6.5), lung cancer
(EAR, 4.0), and MDS/AML (EAR, 2.8) following advanced-
stage cHL.

Risks of Death by Patient Subgroup

We further explored the mortality patterns by patient
subgroup for the most common specific causes of death. In
analyses by time since cHL diagnosis (Table 2), risk for
death as a result of heart disease was significantly in-
creased in all time intervals. Whereas SMRs for heart
disease were highest, 1 year following cHL diagnosis and
lower thereafter, EARs were highest, 1 year following cHL,
decreased at 1-4 years, but increased again at$ 5 years. In
contrast, strikingly elevated SMRs and EARs for death as
a result of ILD, infections, and AEs were most notable within
the first year of cHL diagnosis (P # .001 for all compari-
sons). The SMR patterns for lung cancer deaths did not
differ statistically over the three time periods, irrespective of
cHL stage.

Cause-specific risks of death generally did not differ by sex,
irrespective of cHL stage (Table 3). Exceptions were ob-
served for infections and AEs after advanced cHL, where
SMRs were significantly higher among females than males
(infections: SMRmales, 3.2, SMRfemales, 5.2 [Pdiff 5 .016];
AEs: SMRmales, 3.8, SMRfemales, 8.2 [Pdiff 5 .023]); EARs
followed a similar pattern.

In age-specific analyses of noncancer deaths (Table 4),
SMRs related to heart disease, COPD (advanced-stage
cHL), and infections did not differ significantly by age, in
contrast to ILD, COPD (early-stage cHL), and AEs. ILD
SMRs decreased with advancing age, whereas AE SMRs
increased with age, with strikingly elevated risks among the
60-74–year age group (SMRstage I/II, 40.3 [Pdiff , .001];
SMRstage III/IV, 73.8 [Pdiff , .001]). EAR patterns differed
from those of SMRs, with the highest EARs uniformly seen
among the 60-74–year age group, particularly for deaths as
a result of heart disease (EARstage I/II, 38.5; EARstage III/IV,
59.6). Subgroup analyses demonstrated that excess deaths
as a result of heart disease predominated among the 60-
74–year age group across all follow-up periods and stage
groups (Data Supplement). Among advanced-stage cHL,
the pattern of substantially higher EARs among the 60-
74–year age group was observed among males and fe-
males, with older females having a greater excess of death
as a result of heart disease, AEs, solid neoplasms, and lung
cancer (Data Supplement).

Mortality Trends, 1983-2016

Among our secondary analytic cohort of 10,109 adult cHL
survivors in SEER-9 (mean follow-up, 7.5-10.2 years), we
noted significant declines in more recent calendar years in
stage-specific mortality as a result of all causes, all non-
cancer causes, and all other neoplasms (excluding lym-
phoma; Data Supplement). There also was a suggestive
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TABLE 1. Cause-Specific Risk of Death Among 20,007 Individuals Diagnosed With cHL at Ages 20-74 Years and Treated With Initial
Chemotherapy According to Stage: SEER-17, 2000-2016

Stage at cHL Diagnosis

Stage I/II (n 5 11,919)a Stage III/IV (n 5 8,088)b

Cause of Death Obs SMR (95% CI) EAR Obs SMR (95% CI) EAR Pdiff (stage)c

All 1,400 3.3 (3.2 to 3.5) 103.1 1,980 6.0 (5.8 to 6.3) 310.3 , .001

All, excluding lymphoma 618 1.5 (1.4 to 1.6) 21.7 703 2.2 (2.0 to 2.4) 71.7 , .001

All noncancers 473 1.6 (1.4 to 1.7) 18.2 559 2.4 (2.2 to 2.6) 61.6 .001

All infections 54 2.2 (1.6 to 2.8) 3.1 76 3.9 (3.1 to 4.9) 10.6 .053

Septicemia 17 2.9 (1.7 to 4.7) 1.2 18 3.8 (2.3 to 6.1) 2.5 . .500

Respiratory infections 17 2.0 (1.2 to 3.2) 0.9 29 4.3 (2.9 to 6.2) 4.2 .093

Pneumonia and influenza 10 1.6 (0.8 to 3.0) 0.4 25 5.1 (3.3 to 7.6) 3.8 .031

GI infections 9 2.3 (1.0 to 4.3) 0.5 11 3.6 (1.8 to 6.5) 1.5 . .500

Benign hematologic diseasesd 4 2.2 (0.6 to 5.8) 0.2 14 10.3 (5.6 to 17.3) 2.4 .006

Digestive diseases 35 1.7 (1.2 to 2.4) 1.5 33 2.2 (1.5 to 3.1) 3.4 . .500

Liver diseases 17 1.2 (0.7 to 1.9) 0.3 21 2.1 (1.3 to 3.2) 2.1 .166

Chronic liver disease/cirrhosis 11 1.0 (0.5 to 1.8) 0.007 14 1.8 (1.0 to 3.0) 1.2 .176

Endocrine diseases 30 1.6 (1.1 to 2.2) 1.1 15 1.0 (0.5 to 1.6) 20.1 .028

Diabetes 23 1.7 (1.1 to 2.5) 1.0 9 0.8 (0.4 to 1.5) 20.4 .011

Neurologic diseases 34 1.0 (0.7 to 1.4) 20.1 44 1.5 (1.1 to 2.0) 2.8 .092

Dementia 5 0.6 (0.2 to 1.4) 20.4 6 0.8 (0.3 to 1.6) 20.4 . .500

Cerebrovascular disease 15 1.0 (0.5 to 1.6) 20.03 27 2.1 (1.4 to 3.1) 2.7 .031

Cardiovascular diseases 154 1.6 (1.4 to 1.9) 6.4 166 2.1 (1.8 to 2.5) 16.7 .184

Heart disease 148 1.7 (1.5 to 2.0) 6.6 151 2.1 (1.8 to 2.5) 15.1 .442

Respiratory diseases 71 2.8 (2.2 to 3.6) 4.8 104 4.8 (4.0 to 5.9) 15.5 .079

COPD 31 1.5 (1.0 to 2.2) 1.1 35 2.0 (1.4 to 2.8) 3.3 . .500

ILD 38 13.1 (9.2 to 17.9) 3.7 54 22.1 (16.6 to 28.8) 9.7 . .500

Renal diseases 8 1.2 (0.5 to 2.4) 0.1 11 2.0 (1.0 to 3.5) 1.0 .499

Nephritis and nephrosis 7 1.1 (0.5 to 2.3) 0.1 11 2.1 (1.1 to 3.8) 1.1 .333

Accidents, falls, AEs 63 1.4 (1.1 to 1.8) 1.9 71 2.5 (2.0 to 3.2) 8.1 .321

Transport accidents 10 0.7 (0.3 to 1.3) 20.4 8 0.9 (0.4 to 1.8) 20.1 . .500

All AEs 48 1.8 (1.4 to 2.4) 2.3 60 3.9 (3.0 to 5.0) 8.4 .178

Medication/drug exposure 41 2.3 (1.7 to 3.2) 2.5 49 5.0 (3.7 to 6.7) 7.4 .383

Miscellaneous, noncancer 16 0.6 (0.4 to 1.0) 21.0 19 1.2 (0.7 to 1.8) 0.5 .445

All malignant neoplasms, excluding lymphoma 145 1.3 (1.1 to 1.5) 3.4 144 1.6 (1.3 to 1.9) 10.1 .245

All nonlymphoid leukemias 14 3.8 (2.1 to 6.4) 1.1 21 7.1 (4.4 to 10.9) 3.4 .137

MDS/AML 12 4.5 (2.3 to 7.9) 1.0 17 7.9 (4.6 to 12.7) 2.8 .243

All solid neoplasms 124 1.2 (1.0 to 1.4) 2.0 119 1.4 (1.2 to 1.7) 6.5 .430

Digestive system cancers 21 0.7 (0.4 to 1.1) 20.9 30 1.2 (0.8 to 1.8) 1.1 .130

Colorectal 5 0.5 (0.2 to 1.1) 20.6 8 1.0 (0.4 to 1.9) 20.03 .182

Pancreas 4 0.6 (0.2 to 1.4) 20.3 7 1.2 (0.5 to 2.4) 0.2 .220

Respiratory system cancers 48 1.5 (1.1 to 1.9) 1.6 49 1.8 (1.3 to 2.3) 4.0 .402

Lung and bronchus 45 1.4 (1.0 to 1.9) 1.4 48 1.8 (1.3 to 2.4) 4.0 .291

(continued on following page)

4154 © 2020 by American Society of Clinical Oncology Volume 38, Issue 35

Dores et al



decline in SMR for heart disease for early-stage cHL (Ptrend5
.069) but not for advanced-stage cHL.

DISCUSSION

Using large-scale, population-based data, we provide
a comprehensive assessment of mortality among in-
dividuals treated with chemotherapy for cHL in the 21st
century, an era characterized by decreasing radiotherapy
and widespread use of ABVD in the United States. While
risk of death declined progressively since the 1980s, with
. 20,000 adult cHL survivors in our cohort diagnosed
during 2000-2015 and more than 6,000 10-year survivors,
we found that the risk of death as a result of noncancer causes
and other neoplasms remains significantly elevated com-
pared with the general population. At 12 years of follow-up,
cHL all-cause mortality exceeded that in the general
population, and noncancer cumulative mortality comprised
a substantial fraction of total deaths, particularly among
patients diagnosed with cHL between 45-74 years of age.
The highest noncancer SMRs and EARs were observed for
ILD, AEs, and infections, particularly among those with
stage III/IV cHL and in the first year after diagnosis. Heart
disease was associated with lower, although significantly
increased SMRs but accounted for the greatest number of
disease-specific excess deaths. Risks of death generally
were attenuated for stage I/II compared with stage III/IV cHL
and varied by selected patient subgroups for certain causes,
which provides a roadmap for targeted efforts to further
reduce the mortality burden after cHL.

Heart disease has been one of the most studied noncancer
causes of morbidity and mortality following HL, with estab-
lished associations for anthracyclines and radiation23-35 as

well as non–treatment-related cardiac risk factors (eg, hy-
pertension, obesity, smoking).26,27 Despite decreasing use of
frontline radiotherapy, our findings among chemotherapy-
treated patients diagnosed during 2000-2015 demonstrate
early (, 1 year) and late increased risks of heart disease–
related deaths, irrespective of cHL stage and age. Male sex
has been variably identified as a risk factor for cardiac
mortality.30,32 We did not identify a sex predilection for heart
disease mortality overall when accounting for sex-specific
baseline risk, but findings suggested an interplay of stage
and age in sex-specific risks. Although our reliance on death
certificate data precluded reliable evaluation of specific
types of heart disease, our results emphasize the importance
of adhering to ASCO guidelines to minimize the risk of
cardiac dysfunction in cancer survivors.36

Bleomycin therapy has been associated with ILD and other
pulmonary syndromes,37 and our finding of significant
relative and excess risk of mortality as a result of ILD is
consistent, particularly within the first year, with clinical
reports describing substantial bleomycin-induced pulmo-
nary toxicity during therapy or within 9 months of HL
diagnosis.38-41 Although younger patients had the highest
ILD SMRs, EARs increased substantially with increasing
age and remained strikingly elevated for older patients,
consistent with previous reports and supporting a possi-
ble role for age-related impaired renal clearance.39,42-46

Smoking, use of granulocyte colony-stimulating factor,
oxygen therapy, and mediastinal radiation also may have
contributed to the mortality patterns observed for
ILD.37,42,43,47-54 Our results highlight the importance of
continuing to pursue clinical trials that limit or substitute
alternate agents for bleomycin.49,52,55-61

TABLE 1. Cause-Specific Risk of Death Among 20,007 Individuals Diagnosed With cHL at Ages 20-74 Years and Treated With Initial
Chemotherapy According to Stage: SEER-17, 2000-2016 (continued)

Stage at cHL Diagnosis

Stage I/II (n 5 11,919)a Stage III/IV (n 5 8,088)b

Cause of Death Obs SMR (95% CI) EAR Obs SMR (95% CI) EAR Pdiff (stage)c

Skin cancers 8 2.9 (1.2 to 5.7) 0.6 5 2.4 (0.8 to 5.6) 0.5 . .500

Other specified neoplasms 21 2.8 (1.7 to 4.2) 1.4 18 2.9 (1.7 to 4.6) 2.2 . .500

Unknown 37 7.6 (5.3 to 10.4) 3.4 44 12.7 (9.2 to 17.0) 7.6 .065

NOTE. Table includes individuals diagnosed with cHL during 2000-2015 and followed through 2016. Table is limited to specified cause-of-
death categories with at least 10 cases overall (stages I-IV combined). SEER-17 includes eight states (Connecticut, Hawaii, Iowa, Kentucky,
Louisiana, New Jersey, New Mexico, and Utah), six metropolitan areas (Atlanta, GA; Detroit, MI; Los Angeles, CA; San Francisco-Oakland, CA;
San Jose-Monterey, CA; and Seattle-Puget Sound, WA), and the areas of greater California, greater Georgia, and rural Georgia.

Abbreviations: AE, adverse event; AML, acute myeloid leukemia; cHL, classical Hodgkin lymphoma; COPD, chronic obstructive pulmonary
disease; EAR, excess absolute risk; ILD, interstitial lung disease; MDS, myelodysplastic syndrome; Obs, observed; Pdiff, P value for difference;
SEER-17, 17 SEER cancer registry areas; SMR, standardized mortality ratio.

aMean person-years at risk, 8.0; mean age at cHL diagnosis, 38 years.
bMean person-years at risk, 6.6; mean age at cHL diagnosis, 43 years.
cP values derived frommultivariable Poisson regressionmodels adjusted for sex, age (20-44, 45-59, and 60-74 years), latency (, 1.0, 1.0-4.9,

5.0-9.9, $ 10.0 years), and receipt of initial radiation (any v no/unknown).
dIncludes cytopenias (immune and non-immune mediated), coagulation defects and other hemorrhagic disorders, disorders of immune

dysregulation, and other benign hematologic diseases.
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TABLE 2. Cause-Specific Risk of Death Among 20,007 Individuals Diagnosed With cHL at Ages 20-74 Years and Treated With Initial
Chemotherapy According to Stage and Time Since cHL Diagnosis: SEER-17, 2000-2016

Stage at cHL Diagnosis

Stage I/II Stage III/IV

Cause of Death and Time Since
Diagnosis, Years Obs SMR (95% CI) EAR Obs SMR (95% CI) EAR

Heart disease

, 1.0 20 2.5 (1.5 to 3.8) 10.2 31 3.6 (2.4 to 5.1) 29.2

1.0-4.9 48 1.6 (1.2 to 2.2) 4.8 47 1.7 (1.3 to 2.3) 8.8

$ 5.0 80 1.7 (1.3 to 2.1) 7.2 73 2.1 (1.6 to 2.6) 16.7

Pdiff (latency) .291 .008

ILD

, 1.0 23 91.4 (58.0 to 137.2)a 19.5 34 122.6 (84.9 to 171.4)a 44.0

$ 1.0 15 5.6 (3.2 to 9.3) 1.5 20 9.2 (5.6 to 14.3) 3.9

Pdiff (latency) , .001 , .001

COPD

, 1.0 4 2.3 (0.6 to 5.9) 1.9 6 3.0 (1.1 to 6.5) 5.2

$ 1.0 27 1.5 (1.0 to 2.1) 1.0 29 1.9 (1.3 to 2.7) 3.0

Pdiff (latency) .435 .247

All infections

, 1.0 14 5.9 (3.3 to 10.0) 10.0 19 8.2 (4.9 to 12.7) 21.7

$ 1.0 40 1.8 (1.3 to 2.4) 2.1 57 3.3 (2.5 to 4.3) 8.7

Pdiff (latency) , .001 .001

AEs related to medication/drug exposure

, 1.0 19 10.5 (6.3 to 16.4)a 14.7 33 27.3 (18.8 to 38.4)a 41.5

$ 1.0 22 1.4 (0.9 to 2.1) 0.7 16 1.9 (1.1 to 3.0) 1.6

Pdiff (latency) , .001 , .001

MDS/AML

, 1.0 , 3 ~ ~ , 3 ~ ~

1.0-4.9 8 8.8 (3.8 to 17.4) 1.8 8 9.9 (4.3 to 19.5) 3.1

$ 5.0 4 2.7 (0.7 to 6.8) 0.6 9 8.3 (3.8 to 15.8) 3.5

Pdiff (latency) .041 .124

All solid neoplasms

, 1.0 10 1.0 (0.5 to 1.8) 20.1 13 1.2 (0.6 to 2.1) 3.0

1.0-4.9 30 0.8 (0.5 to 1.2) 21.8 47 1.4 (1.0 to 1.9) 6.1

$ 5.0 84 1.4 (1.2 to 1.8) 5.8 59 1.5 (1.1 to 1.9) 8.1

Pdiff (latency) .035 . .500

Lung and bronchus cancers

, 1.0 4 1.3 (0.3 to 3.2) 0.7 3 0.8 (0.2 to 2.5) 20.7

1.0-4.9 11 1.0 (0.5 to 1.7) 20.1 23 2.1 (1.4 to 3.2) 5.4

$ 5.0 30 1.7 (1.2 to 2.5) 2.8 22 1.7 (1.1 to 2.6) 4.1

Pdiff (latency) .347 .240

NOTE. Table includes individuals diagnosed with cHL during 2000-2015 and followed through 2016. Categories with fewer than three deaths
are represented as “, 3” to protect patient confidentiality. P values derived from multivariable Poisson regression models are adjusted for sex,
age (20-44, 45-59, and 60-74 years), and receipt of initial radiation (any v no/unknown). The wide CI reflects a combination of increasedmortality
risk (eg, SMR $ 10) compared with the general population and the relatively limited number of cases available for study.

Abbreviations: ~, value suppressed because of patient count of fewer than three; AE, adverse event; AML, acutemyeloid leukemia; cHL, classical
Hodgkin lymphoma; COPD, chronic obstructive pulmonary disease; EAR, excess absolute risk; ILD, interstitial lung disease; MDS, myelodysplastic
syndrome; Obs, observed; Pdiff, P value for difference; SEER-17, 17 SEER cancer registry areas; SMR, standardized mortality ratio.
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A study that supplemented death certificates with medical
record information has raised the possibility that death
certificate–based findings may underestimate infection-

related mortality in HL.62 Despite this possibility, we
found that infection remains an important cause of death
following chemotherapy for cHL, particularly within the first

TABLE 3. Cause-Specific Risk of Death Among 20,007 Individuals Diagnosed With cHL at Ages 20-74 Years and Treated With Initial
Chemotherapy According to Stage and Sex: SEER-17, 2000-2016

Stage at cHL Diagnosis

Stage I/II Stage III/IV

Cause of Death and Sex Obs SMR (95% CI) EAR Obs SMR (95% CI) EAR

Heart disease

Male 111 1.9 (1.5 to 2.2) 11.1 103 2.0 (1.6 to 2.4) 16.7

Female 37 1.4 (1.0 to 2.0) 2.3 48 2.4 (1.8 to 3.2) 12.8

Pdiff (sex) .152 .204

ILD

Male 21 11.6 (7.2 to 17.7)a 4.2 34 21.1 (14.6 to 29.4)a 10.4

Female 17 15.5 (9.0 to 24.9)a 3.2 20 24.1 (14.7 to 37.2)a 8.7

Pdiff (sex) . .500 . .500

COPD

Male 18 1.6 (0.9 to 2.5) 1.4 17 1.6 (0.9 to 2.6) 2.1

Female 13 1.5 (0.8 to 2.5) 0.9 18 2.6 (1.5 to 4.0) 4.9

Pdiff (sex) . .500 .159

All infections

Male 36 2.3 (1.6 to 3.2) 4.5 41 3.2 (2.3 to 4.3) 9.1

Female 18 1.9 (1.1 to 3.0) 1.7 35 5.2 (3.6 to 7.3) 12.8

Pdiff (sex) .452 .016

AEs related to medication/drug exposure

Male 24 2.2 (1.4 to 3.2) 2.8 27 3.8 (2.5 to 5.6) 6.4

Female 17 2.6 (1.5 to 4.2) 2.2 22 8.2 (5.1 to 12.4) 8.7

Pdiff (sex) . .500 .023

MDS/AML

Male 6 3.6 (1.3 to 7.7) 0.9 12 8.2 (4.2 to 14.3) 3.4

Female 6 6.2 (2.3 to 13.5) 1.0 5 7.4 (2.4 to 17.2) 2.0

Pdiff (sex) . .500 . .500

All solid neoplasms

Male 75 1.2 (1.0 to 1.5) 3.0 75 1.4 (1.1 to 1.7) 6.8

Female 49 1.1 (0.8 to 1.5) 1.0 44 1.4 (1.1 to 1.9) 6.1

Pdiff (sex) .347 . .500

Lung and bronchus cancers

Male 27 1.3 (0.9 to 2.0) 1.5 31 1.7 (1.2 to 2.4) 4.2

Female 18 1.5 (0.9 to 2.4) 1.3 17 1.9 (1.1 to 3.1) 3.7

Pdiff (sex) . .500 . .500

NOTE. Table includes individuals diagnosed with cHL during 2000-2015 and followed through 2016. P values derived from multivariable
Poisson regression models are adjusted for age (20-44, 45-59, and 60-74 years), latency (, 1.0, 1.0-4.9, $ 5.0 or , 1.0, $ 1.0 years), and
receipt of initial radiation (any v no/unknown).

Abbreviations: AE, adverse event; AML, acute myeloid leukemia; cHL, classical Hodgkin lymphoma; COPD, chronic obstructive pulmonary
disease; EAR, excess absolute risk; ILD, interstitial lung disease; MDS, myelodysplastic syndrome; Obs, observed; Pdiff, P value for difference;
SEER-17, 17 SEER cancer registry areas; SMR, standardized mortality ratio.

aThe wide CI reflects a combination of increased mortality risk (eg, SMR$ 10) compared with the general population and the relatively limited
number of cases available for study.
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TABLE 4. Cause-Specific Risk of Death Among 20,007 Individuals Diagnosed With cHL at Ages 20-74 Years and Treated With Initial
Chemotherapy According to Stage and Age at cHL Diagnosis: SEER-17, 2000-2016

Cause of Death and Age at
cHL Diagnosis, Years

Stage at cHL Diagnosis

Stage I/II Stage III/IV

Obs SMR (95% CI) EAR Obs SMR (95% CI) EAR

Heart disease

20-44 37 2.1 (1.4 to 2.8) 2.7 23 2.4 (1.5 to 3.6) 3.9

45-59 45 1.6 (1.2 to 2.1) 10.1 48 2.2 (1.6 to 2.9) 21.6

60-74 66 1.7 (1.3 to 2.1) 38.5 80 2.1 (1.6 to 2.6) 59.6

Pdiff (age) .331 . .500

ILD

20-44 11 25.4 (12.7 to 45.5)a 1.5 9 42.0 (19.2 to 79.7)a 2.6

45-59 10 12.6 (6.1 to 23.3)a 5.5 18 30.1 (17.9 to 47.6)a 14.6

60-74 17 10.1 (5.9 to 16.1)a 22.3 27 16.5 (10.9 to 24.1)a 36.9

Pdiff (age) .012 .001

COPD

20-44 , 3 ~ ~ 3 3.3 (0.7 to 9.8) 0.6

45-59 12 2.1 (1.1 to 3.6) 3.7 11 2.6 (1.3 to 4.7) 5.7

60-74 19 1.5 (0.9 to 2.3) 9.1 21 1.7 (1.1 to 2.6) 12.6

Pdiff (age) .042 .216

All infections

20-44 21 2.8 (1.7 to 4.3) 1.9 19 4.7 (2.8 to 7.3) 4.3

45-59 15 1.9 (1.1 to 3.2) 4.3 26 4.4 (2.8 to 6.4) 16.8

60-74 18 1.9 (1.1 to 3.0) 12.3 31 3.3 (2.2 to 4.7) 31.3

Pdiff (age) .250 .101

AEs related to medication/drug exposure

20-44 23 1.6 (1.0 to 2.4) 1.2 17 2.3 (1.4 to 3.7) 2.8

45-59 6 2.1 (0.8 to 4.5) 1.8 9 4.2 (1.9 to 8.0) 5.8

60-74 12 40.3 (20.8 to 70.4)a 17.1 23 73.8 (46.8 to 110.8)a 33.0

Pdiff (age) , .001 , .001

MDS/AML

20-44 8 14.4 (6.2 to 28.3) 1.0 , 3 ~ ~

45-59 , 3 ~ ~ 7 12.9 (5.2 to 26.6)a 5.4

60-74 3 2.2 (0.4 to 6.4) 2.4 8 6.0 (2.6 to 11.9) 9.7

Pdiff (age) .003 .415

All solid neoplasms

20-44 37 1.8 (1.3 to 2.5) 2.3 19 2.0 (1.2 to 3.1) 2.7

45-59 46 1.2 (0.9 to 1.6) 4.6 37 1.3 (0.9 to 1.8) 7.2

60-74 41 0.9 (0.6 to 1.2) 28.2 63 1.4 (1.1 to 1.8) 24.6

Pdiff (age) .007 .426

(continued on following page)
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year. Increased infection-related mortality risks observed
$ 1-year after diagnosis could be related to therapy for
relapsed/refractory cHL or longer-term HL-related immune
defects, perhaps explaining the increased risk of death
as a result of benign hematologic diseases (eg, neu-
tropenia, thrombocytopenia).1,4,63 Even with availability
of effective antibiotics, growth factors, and other sup-
portive measures, the results from our study and previous
investigations1,56,64,65 have emphasized the importance
of addressing infection risks irrespective of stage, sex,
age, or time since diagnosis.

While early deaths as result of AEs might be attributed to
chemotherapy-related toxicities, other potential culprits
include medication interactions and polypharmacy. Our
observation of the highest burden of adverse events among
individuals 60-74 years of age at cHL diagnosis, particularly
in the first year, underscores the importance of careful
monitoring of medication effects, especially among the
elderly.46,66

Significantly increased mortality risks were observed for
chronic liver disease, COPD, nephritis/nephrosis, and ce-
rebrovascular disease among patients with advanced cHL.
These stage-specific findings suggest a potential role
for chemotherapy-related toxicity given that patients with
advanced-stage cHL are likely to receive more chemo-
therapy (cumulatively) than those with early-stage disease.
Primary biliary cirrhosis,67,68 glomerulonephritides,69 and
COPD have been infrequently reported in association with
cHL or its treatment. Anthracyclines are associated with
a . 10% risk of hepatitis B reactivation,70 which in con-
junction with hepatitis infection may contribute to chronic
liver disease mortality. While chemotherapy was not found
to be a risk factor for stroke and transient ischemic attacks

in young 5-year survivors of cHL treated in a radiation-
predominant era,71 our findings suggest a possible role for
chemotherapy in cerebrovascular disease in an era of di-
minishing radiotherapy use.

Despite the long-time focus on second cancers among HL
survivors, little is known about these risks with decreasing
radiation use and during an ABVD-prevalent treatment era.
We observed an increased risk of MDS/AML $ 1 year
following cHL, which is consistent with population-based
incidence studies72,73 and clinical trials.74,75 Risks were
lower than reported in previous studies, consistent with the
lower leukemogenicity of ABVD and regimens administered
in more recent years76 compared with MOPP-based
regimens.77-79 We also observed an increased risk of
lung cancer deaths during the first few years after cHL
diagnosis, in agreement with the short latency period
previously described.80,81 Chemotherapy, radiotherapy,
and immune suppression associated with cHL and/or its
therapy81,82 may have contributed to the increased risk of
death as a result of lung cancer and other neoplasms we
observed. The long latency characterizing most second
solid neoplasms72 highlights the need for longer follow-up
of this cohort to more comprehensively assess second
cancer mortality risks in the current era.

Strengths of our study include the focus on the recent
calendar years (2000-2016) and the large population-
based cHL cohort that allowed us to quantify stage- and
patient subgroup–specific risks for detailed causes of death
across a wide age range. The size of our study population
enabled us to more precisely quantify risk of death by age,
sex, and time since diagnosis, particularly deaths occurring
, 1 year after cHL diagnosis for which a paucity of
population-based data exists.

TABLE 4. Cause-Specific Risk of Death Among 20,007 Individuals Diagnosed With cHL at Ages 20-74 Years and Treated With Initial
Chemotherapy According to Stage and Age at cHL Diagnosis: SEER-17, 2000-2016 (continued)

Cause of Death and Age at
cHL Diagnosis, Years

Stage at cHL Diagnosis

Stage I/II Stage III/IV

Obs SMR (95% CI) EAR Obs SMR (95% CI) EAR

Lung and bronchus cancers

20-44 8 2.1 (0.9 to 4.2) 0.6 , 3 ~ ~

45-59 19 1.6 (1.0 to 2.5) 4.3 17 1.9 (1.1 to 3.1) 6.8

60-74 18 1.1 (0.6 to 1.7) 2.2 29 1.8 (1.2 to 2.6) 18.5

Pdiff (age) .313 . .500

NOTE. Table includes individuals diagnosed with cHL during 2000-2015 and followed through 2016. P values derived from multivariable
Poisson regression models are adjusted for sex, latency (, 1.0, 1.0-4.9, . 5.0 or , 1.0, . 1.0 years), and receipt of initial radiation (any v no/
unknown).

Abbreviations: ~, value suppressed because of patient count of fewer than three; AE, adverse event; AML, acute myeloid leukemia; cHL,
classical Hodgkin lymphoma; COPD, chronic obstructive pulmonary disease; EAR, excess absolute risk; ILD, interstitial lung disease; MDS,
myelodysplastic syndrome; Obs, observed; Pdiff, P value for difference; SEER-17, 17 SEER cancer registry areas; SMR, standardized
mortality ratio.

aThe wide CI reflects a combination of increased mortality risk (eg, SMR$ 10) compared with the general population and the relatively limited
number of cases available for study.
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Even with the large cohort size, we had limited numbers of
deaths in pediatric patients and in some disease categories,
as reflected in imprecise SMR estimates. Longer follow-up
will be required to better assess these cause-specific
mortality risks and to define mortality as a result of sec-
ond neoplasms and heart diseases that may be associated
with longer latency periods.35,83 Although we present data
separately by initial chemotherapy and radiotherapy, the
SEER Program lacks information on chemotherapy drugs/
doses, radiation fields/doses, subsequent therapy, and
prognostic factors, and together with potential under-
ascertainment of chemotherapy, direct treatment compari-
sons could be misleading. Finally, we cannot exclude
potential underestimation of noncancer deaths, particularly
if treatment-related (nonlymphoma) deaths were coded as
lymphoma-related deaths.84

In summary, we describe stage- and cause-specific relative
and absolute excess mortality risks in one of the largest
population-based cHL studies during an era of widespread
use of ABVD and diminishing use of radiotherapy. Despite
evolving cHL treatment approaches, cumulative mortality
as a result of noncancer deaths accounted for a substantial
fraction of deaths, irrespective of cHL stage. Patterns of
excess deaths as a result of heart disease, ILD, infections,
and AEs support a need for close monitoring and in-
tervention beginning at the time of cHL diagnosis to reduce
mortality for all patients, with particular attention paid to
those with advanced-stage cHL and who are diagnosed at
older ages. Continuing efforts are needed to develop sur-
veillance protocols and interventions, refined treatment
approaches, and new cHL therapeutics to improve patient
outcomes.
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