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Continuum of Care for Hodgkin Lymphoma:
Impact of Modern Therapy on Postacute
Morbidity and Mortality
Andrew M. Evens, DO, MSc1 and Susan K. Parsons, MD, MRP2

Classic Hodgkin lymphoma (cHL) is a highly curable cancer.1-4 However, due in part to the young
age of most patients, treatment-related toxicities and
late effects, such as secondary malignant neoplasms
(SMNs) and cardiovascular disease (CVD), can adversely affect survival. Cost-per-death analyses have
shown that HL has the second highest cost per death
or lost-productivity cost (behind only malignant melanoma),5 and productivity analyses of cancer mortality
have shown HL to be the second most costly cancer
in terms of lost lifetime earnings.6 In addition to these
economic consequences, cHL survivors also experience signiﬁcantly compromised health-related quality
of life (HRQL).7
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These undesirable effects are primarily due to an increased incidence of CVD, SMN, and other prominent
treatment-induced morbidities that may result in excess mortality.8,9 SMN risk is known to be dependent
on many clinical factors (eg, age at exposure, sex,
stage) as well as several treatment-related factors (eg,
type/amount of chemotherapy and radiotherapy). A
Dutch analysis highlighted the impact of radiation
dose/ﬁeld, sex, and smoking on the risk of breast, lung,
and other cancers in cHL survivors.8 Additional studies
have demonstrated the impact of age and sex on incidence of major cardiac disease.10,11 However, many
of the patients included in these analyses were treated
before 2000. Use of ABVD (doxorubicin, bleomycin,
vinblastine, dacarbazine) became widespread approximately two decades ago, and the application of radiotherapy has also decreased during this time.12 In
addition, the risk of other important post-therapy morbidity and mortality with modern treatments, including
infections and interstitial lung disease (ILD), have not
been fully elucidated.
The continuum of care for patients with cHL represents a challenge to effectively study the full longitudinal spectrum that therapy has on morbidity and
mortality (Fig 1). Clinical trials are important for examination of efﬁcacy (eg, progression-free survival)
and on-study acute adverse events (AEs) of therapeutic regimens. However, data are typically limited to shorter-term follow-up with little information
about risk or severity of postacute morbidity or late

effects.8,13 Conversely, HL registries and survivorship
cohorts offer important insights on longer-term outcomes and morbidity that manifest after HL therapy,
which may be leveraged to inform decision making
and ultimately lead to more tailored therapy.
In the article that accompanies this editorial, Dores
et al14 analyzed cause-speciﬁc mortality among individuals with a diagnosis of cHL reported to 17 SEER
registry areas (SEER-17) during 2000-2015, with followup to 2016. The analysis focused on a cohort of
20,007 individuals diagnosed with cHL between ages
20 and 74 years using standardized mortality ratios
(SMRs) to compare cause-speciﬁc mortality risk with
the general population, with excess absolute risks
(EARs) per 10,000 person-years reﬂecting absolute
increase in risk of death. With a mean follow-up of
8 years, Dores et al14 identiﬁed that the relative risk of
death as a result of any cause excluding lymphoma
was increased 1.8-fold in the cHL cohort compared
with the general population. Furthermore, deaths due
to noncancer causes accounted for many of the
nonlymphoma deaths, with SMRs increased 1.6-fold
for early-stage cHL and 2.4-fold for advanced-stage
cHL. Table 1 highlights selected cause-speciﬁc risks
based on disease stage.
By subgroups, the authors showed that cause-speciﬁc
risks of death generally did not differ by sex, regardless
of stage, except for infections and medication AEs
being higher in females. Interestingly, ILD SMRs decreased with advancing age; although not surprisingly, medication-related AE SMRs increased with age,
being especially prevalent among the 60- to 74-yearold age group. Excess deaths from heart disease
predominated among the 60- to 74-year-old age group
across all stages. Moreover, death due to heart disease
was signiﬁcantly increased in all time intervals, with
SMRs being the highest , 1 year after cHL diagnosis
and lower thereafter, with EARs highest , 1 year after
cHL, decreasing at 1-4 years, but increasing again at
$ 5 years. Finally, they noted declines in more recent
calendar years for stage-speciﬁc mortality from all
causes; however, most rates remained elevated, including among younger patients.
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FIG 1. Data sources to study the continuum of care for Hodgkin lymphoma. Ideal information to study morbidity
health-related quality of life (HRQL), and mortality across the lifelong time horizon for patients with classic Hodgkin
lymphoma (cHL) is not available from a single source of data. Clinical trials typically examine shorter-term efﬁcacy
(3-5 years) and acute on-study adverse events (AEs). Most clinical trials do not track AEs or morbidity that occur
post-therapy, which leads to critical data gaps. Cancer registries and survivorship cohorts comprise real-world data
that provide important insights with longer-term follow-up for morbidity, HRQL, and excess mortality that manifest
after cHL therapy, including postacute outcomes (ie, 1-10 years after diagnosis).

Collectively, these population-based data conﬁrm previous reports 8-11,13,15-17 showing signiﬁcant increases
in nonlymphoma-related mortality in cHL survivors. In the
current report, 14 excess mortality appears to persist in
the contemporary era. A limitation of the analysis was
the relatively short duration of follow-up, which limits information on late effects that knowingly occur beyond 1020 years. However, this also represents a unique strength of
the data highlighting prominent postacute (ie, 1-10 years
after diagnosis) morbidity and excess mortality associated
with more modern, frontline therapy. The authors acknowledged an additional limitation of the data, which was their
inability to directly compare morbidity or mortality rates

TABLE 1. Summary of Selected cHL Cause-Speciﬁc Death Rates
Based on Stage From Dores et al14 (SEER-17, 2000-2016; mean
follow-up, 8 years).
Stage I/II
Stage III/IV
Cause
Infections
ILD

SMR

EAR

SMR

EAR

2.2

3.1

3.9

10.6

12.1

3.7

22.1

9.7

Heart disease

1.7

6.6

2.1

15.1

Adverse eventsa

2.3

2.5

5.0

7.4

Benign hematologic diseasesb

2.2

0.2

10.3

2.4

MDS/AML

4.5

1.0

7.9

2.8

All solid neoplasms

1.2

2.0

1.4

6.5

Abbreviations: cHL, classic Hodgkin lymphoma; EAR, excess
absolute risk; ILD, interstitial lung disease; MDS/AML myelodysplastic
syndrome/acute myeloid leukemia; SMR, standardized mortality ratio.
a
Due to medication/drug exposure.
b
Includes cytopenias (immune- and nonimmune-mediated),
coagulation defects, and other hemorrhagic disorders, disorders of
immune dysregulation, and other benign hematologic diseases.

among different treatment modalities (eg, chemotherapy
alone v combined-modality therapy) because of restrictions
in data use. Nonetheless, we should be cognizant that
modern chemotherapy (eg, ABVD) likely contributes to
postacute morbidity, late effects, and excess mortality,
consistent with prior reports of patients with cHL treated
with chemotherapy alone.18-20 There were other interesting
ﬁndings identiﬁed in this analysis, including that many rates
were increased for patients with advanced-stage disease,
which may reﬂect the increased number of chemotherapy
cycles administered compared with patients with earlystage disease. Additionally, even though younger patients
had the highest ILD SMRs, EARs increased considerably
with increasing age and were strikingly high for older patients (ie, EAR of 17.1 to 39.1 for patients ages 60-74
years), consistent with the recognized age-related, adverse
impact of bleomycin-based therapy.21-26
In terms of next steps, an overarching question is how to
optimally integrate data from the current and prior reports
of treatment-related morbidity and mortality into clinical
practice. A limitation of population-based analyses relates
to the lack of patient-level data. Including individual patient
data (IPD), which contains granular patient and disease
characteristics, as well a detailed description of therapy,
can delineate individual demographics (above and beyond
age and sex) and parse out treatment-related factors (eg,
chemotherapy cumulative dosing; radiation ﬁeld size/dose)
to help identify individual patients at higher risk for whom
alternative treatments should be considered.
Clinicians face challenges when analyzing clinical trial
and registry data in objectively assessing alternative
treatment options for individual cHL patients. First, ideal
information is not available across the lifelong time horizon—
particularly from a single data source (Fig 1). As highlighted, clinical trials are typically limited to shorter-term
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follow-up (3-5 years), principally reporting on disease
outcomes (eg, relapse, progression, remission) with limited information on postacute morbidity or late effects.
Although longer-term follow-up data are available from
cHL registries, these real-world data must be carefully
culled and harmonized to ensure applicability to the contemporarily treated patient.27 Second, the beneﬁts and risks
of different therapies depend on a multitude of characteristics, such as patient age, sex, and disease stage,
among other factors, which are not discernable from
group-level data.
Given the impact of individual patient factors with varying
treatment approaches, and the tradeoffs relative to shortterm disease control versus post-therapy events, there is
interest in decision modeling.28 Decision analysis, using
mathematical simulation, is an ideal method on the basis
of its ability to (1) incorporate best-available data collected
from different study designs and populations to provide estimates for varied probabilities and parameters; (2)
perform sensitivity analyses of assumptions and estimates
to incorporate uncertainty; (3) validate and calibrate results
against external data; and (4) identify areas of uncertainty for future research. Resultant simulation models
incorporate best-available evidence regarding prevalence,
efﬁcacy, and desired outcomes to depict short- and longerterm endpoints, including HRQL, of different treatment
approaches.

underway to harmonize large amounts of IPD for patients
with cHL treated in recent international clinical trials
and from prominent cancer registries and survivorship
cohorts (ie, the HoLISTIC [Hodgkin Lymphoma International Study for Individual Care] consortium; https://www.
hodgkinconsortium.com/).29 A goal of HoLISTIC is to create
robust and dynamic web-based decision models with
objective data on shorter- and longer-term outcomes to
guide providers alongside their patients with cHL through
the choices of alternative treatments that reﬂect individual
patient characteristics, disease factors, and the preferences of the patient.30

The development of dynamic decision models requires
large numbers of IPD to account for differences across
patients in terms of demographic characteristics and
disease factors. Furthermore, incorporation of key biology
and imaging endpoints may also be integrated into decision models to enrich prognostication and prediction of
efﬁcacy as well as treatment-related toxicities. Efforts are

Altogether, given the success of frontline treatments and
the ability to salvage the majority of patients with cHL after
recurrence, survival is high. However, this survival comes at
a cost to patients in the form of postacute morbidity and late
effects, which can alter both quality and length of survivorship. Analyses such as the current report underscore the
continuing risks for patients, including in the modern era,
and with events beginning within 1 year. Furthermore, it
also endorses international clinical trial efforts during the
past 10-15 years that have closely examined de-escalation
of therapy for patients with cHL31-35 via positron emission
tomography–based response-adapted strategies and integration of targeted therapeutic agents. Additionally, cHL
clinical trials should invest in recording longer-term followup, including more detailed analyses of post-therapy morbidity. Finally, efforts to harmonize patient-level data on
efﬁcacy and toxicity (acute, postacute, and late) across
varying treatment platforms that are applicable to diverse
settings across the world to aid in decision making and
delineation of individualized therapy for patients with cHL
should continue.
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