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A B S T R A C T

Purpose
The choice between combined-modality therapy (CMT) and chemotherapy alone for early-stage
Hodgkin lymphoma (HL) remains controversial. Our objective was to define factors affecting
treatment selection and resulting survival outcomes in the United States.

Patients and Methods
We identified 20,600 patients treated with CMT or chemotherapy between 2003 and 2011 from
the National Cancer Data Base. Factors affecting treatment selection were studied in a mixed-
effects logistic model. Survival outcomes were compared using a propensity score analysis to
account for indication bias.

Results
Only 49.5% of patients received CMT, and this proportion steadily declined between 2003 (59.4%)
and 2011 (45.2%), particularly in younger patients. Apart from classical prognostic factors (age,
stage, tumor location, histology, comorbidities), treatment selection was significantly influenced
by sex, black race, distance to facility, and type of insurance. Uninsured patients had the lowest
odds of receiving CMT. A significant random effect related to facility-specific treatment preference
was also evident. Estimated 5-year overall survival (OS) was 89.6%, and relative survival (RS) was
94.3%. After adjustment for guarantee-time and indication biases, CMT was associated with
better OS (hazard ratio [HR], 0.61; 95% CI, 0.53 to 0.70) and RS (excess HR, 0.42; 95% CI, 0.33
to 0.54) than chemotherapy alone. This effect was without significant heterogeneity in subset
analysis and was not sensitive to unobserved confounding.

Conclusion
Socioeconomic factors affect selection of curative treatments in HL. Widespread abandon-
ment of CMT beyond circumstances sanctioned by guidelines may affect survival. Further
research should focus on developing strategies that minimize toxicity and access disparities
without compromising survival.

J Clin Oncol 33:625-633. © 2015 by American Society of Clinical Oncology

INTRODUCTION

Classical Hodgkin lymphoma (HL) is a highly cur-
able malignancy with long-term disease-specific
survival exceeding 85%.1 Treatment of early-stage
HL with sequential chemotherapy and radiation
(combined-modality therapy [CMT]) demonstrated
superior survival compared with radiation therapy
alone and became standard in the early 2000s.2-4 Until
2007, the US National Comprehensive Cancer Net-
work (NCCN) guidelines recommended CMT for
all patients with early-stage HL.5 This endorsement
was independent of the early favorable or unfavor-
able designations, which are distinguished by the
presence of the following poor prognostic factors:

“B” symptoms, bulky tumor, elevated erythrocyte
sedimentation rate (ESR), or multisite involvement
by lymphoma. Whereas early favorable HL can be
treated with shorter chemotherapy and lower radia-
tion dose, overall survival (OS) exceeds 90% even in
the unfavorable category treated with CMT.3,6 Be-
cause of the late toxicities of radiation, particularly
secondary cancers, there is ongoing interest in iden-
tifying groups who can be cured with chemotherapy
alone.7 This strategy remains controversial. One
randomized trial suggested superior survival,
whereas others indicated worse survival, when radi-
ation therapy was omitted.8,9 How this uncertainty
affects management and outcomes in the United
States has not yet been evaluated.
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HL often affects young adults; approximately half of cases are
diagnosed in patients � 40 years old.10,11 The employment-driven US
health insurance market has limited access to coverage for many
young Americans, resulting in lack of insurance among approximately
30% of adults 19 to 29 years old.12 Inadequate coverage is associated
with advanced stage at diagnosis and higher risk of death, but the
correlation between socioeconomic factors and treatment selection in
HL has not been studied.13,14 In fact, few data exist on the patterns of
care for HL in the United States, although decreasing utilization of
radiotherapy in the 1990s had been noted.15 Our prior study suggested
that socioeconomic factors influence utilization of curative radiation
therapy in marginal zone lymphoma.16 The objective of this study was
to identify factors determining choice of treatment (CMT or chemo-
therapy alone) among Americans with early-stage HL and to assess the
impact of this choice on survival.

PATIENTS AND METHODS

Data Source and Study Cohort

This study used deidentified data and was exempt from human protec-
tion oversight by the institutional review board. We conducted a population-
based, retrospective analysis using the National Cancer Data Base (NCDB),
which is a joint program established in 1989 by the Commission on Cancer of
the American College of Surgeons and the American Cancer Society.17 This
comprehensive data set integrates registry records from more than 1,500
accredited hospitals, capturing approximately 70% of all incident cancers in
the United States.18 According to the agreements executed with each accred-
ited facility, data from Veteran Affairs, Department of Defense, Puerto Rican,
and certain other programs are removed from research files. The accreditation

requires an annual 90% follow-up rate for all eligible patients diagnosed within
5 years. Censoring bias is avoided by releasing survival outcomes (calculated
from the date of diagnosis) only after at least 5 years of follow-up. Data are
coded using standardized algorithms, and duplicate records are eliminated.
Variables include patient demographics, comorbidities, socioeconomic status,
tumor histology, stage, and the first course of therapy, defined as all methods of
treatment recorded in the treatment plan and administered to the patient
before disease progression or recurrence. Treatments delivered or withheld
because of progression, insufficient response, or other therapy modifications
caused by restaging or intercurrent events are not recorded. Details of dose,
field, and technique of radiation therapy are collected, but specific chemother-
apy regimens, doses, or treatment durations are not.

The NCDB provided records of 52,394 patients with HL diagnosed
between 2003 and 2011, with survival data available for the 2003 to 2006
cohort (Fig 1). We excluded patients without histologically confirmed
classical HL, patients with HIV infection, or patients with advanced or
unrecorded stage. We also excluded patients treated outside of the report-
ing facility, those who did not receive chemotherapy, and those with
unknown treatment status, with a database flag that radiation was contra-
indicated, or with unusual delays in treatment.

Variables

For ease of interpretation, we categorized age at diagnosis as 18 to 29, 30
to 49, 50 to 69, and � 70 years. Considering the risk of breast cancer after
thoracic irradiation in younger women, interaction between age and sex was
included in regression models. Race/ethnicity was categorized as white non-
Hispanic, white Hispanic, black, American Indian, and Asian/Pacific Islander.
Number of comorbidities was derived from the Charlson/Deyo variation of
the Charlson comorbidity index.19 Stage was based on American Joint Com-
mittee on Cancer/Union for International Cancer Control TNM staging for
lymphoma. Socioeconomic data were provided as quintiles of median house-
hold income and number of persons with less than high school education in

National Cancer Database query

Early-stage classical Hodgkin lymphoma
(n = 27,343)

Study population (treatment selection analysis)
(n = 20,600)

Outcome analysis
(patients diagnosed in 2003-2006)

(n = 9,296)

Chemotherapy
alone

(n = 10,400; 50.5%)

Combined
modality therapy

(n = 10,200; 49.5%)

Chemotherapy
alone

(n = 3,821; 44.3%)

Combined
modality therapy
(n = 4,797; 55.7%)

   All Hodgkin lymphoma cases
   Year of diagnosis: 2003-2011

(N = 52,394) Excluded:
   Lack of histologic confirmation
   Nodular lymphocyte predominant histology
   HIV-positive
   Advanced or unrecorded stage

 
  (n = 894)

   (n = 2,163)
   (n = 2,045)

   (n = 19,949)

Excluded
   Diagnosis in 2007-2011
      (According to the database policy, 
      survival outcomes are not released 
      until follow-up is at least 5 years)

 
  (n = 11,304)

  

Excluded
   Survival less than 12 months
   Nonoverlapping propensity score values

 
  (n = 663)

(n = 15)
  

Excluded
   Treatment outside of reporting facility
   No chemotherapy recorded
   Chemotherapy or radiation contraindicated
   Chemotherapy started > 120 days or radiation
      started > 365 days from diagnosis
   Radiotherapy before chemotherapy or unknown
      if radiotherapy administered

(n = 6,743)
   (n = 2,161)
  (n = 3,541)
   (n = 265)
  (n = 512)

   
(n = 264) Fig 1. CONSORT diagram for cohort

selection.
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patients’ census tract of residence. The type of facility was assigned according
to the Commission on Cancer accreditation category based on annual case
volume and available oncology services. Geographic locations corresponded
to the US Census Divisions.

Missing data on race (2.4%), insurance (3.3%), income/education
(6.1%), type of area (6.7%), distance to facility (4.9%), and B symptoms (11%)
were handled by multiple imputation using chained equations.20 This method
is superior to alternatives (complete case or missing data indicator methods) as
far as analytic bias is concerned, under the assumption that data are missing at
random conditional on observed variables.21 Each variable was imputed using
a logistic, ordinal, multinomial logistic, or predictive mean matching model,
thus creating 50 imputed data sets. The imputation models included the same
set of variables present in analysis models, including the age-sex interaction,
treatment modality, censoring indicator, and Nelson-Aalen estimate of cumu-
lative hazard function.

Statistical Analysis

Treatment selection was evaluated in a random-effects logistic regression
model that accounted for clustering of treatment patterns by facility.22,23

Linearized trends in the rates of CMT utilization were summarized as annual
percent change derived from log-normal models with robust SE.24

For the comparative survival analysis, we used a multistep propensity
score methodology. First, the conditional landmark method was used to ac-
count for the guarantee-time bias, limiting patients to those with � 12 months
of survival (the allowed time frame for starting radiation therapy).25 Probabil-
ity of receiving either chemotherapy or CMT was predicted in a logistic model
averaged among the imputed data sets and incorporating all variables associ-
ated with treatment selection or survival.26,27 Patients with nonoverlapping
probability of treatment were excluded to satisfy the positivity assumption for
causal inference.28 Subsequently, we calculated inverse probability of treat-
ment weights, thus creating a pseudopopulation with a distribution of con-
founding variables in each treatment arm that was identical to the entire
cohort.29 Covariate balance was evaluated using standardized differences of

means.30 We then fitted adjusted flexible parametric survival models for the
two outcomes of OS and relative survival (RS).31,32 RS was used as a proxy for
lymphoma-specific survival and was defined as the ratio of observed survival
to expected survival in the general population matched by age, sex, race, and
calendar year.33 Proportional hazards assumption was verified by testing in-
teraction of each variable with time. In addition, we used one-to-one propen-
sity score matching as an alternative approach to assess the sensitivity of our
findings to the choice of methodology.

We conducted two types of sensitivity analyses to assess potential residual
indication bias. First, we assessed heterogeneity of treatment effects by test of
interaction, subset analysis, and progressive propensity score tail trimming.34

Second, we evaluated the effect of a putative unmeasured binary confounder
on the survival model estimates.35 The prevalence and hazard ratio (HR) for
the confounder were derived from a study of prognostic factors in early HL,
which were not available in the NCDB data.36 All analyses were performed
using Stata/SE 13.1 (Stata, College Station, TX) with the stpm2 module for
survival analysis (version 1.4.9) and report 95% CIs.

RESULTS

We identified 20,600 patients with early-stage HL who were treated
with CMT or chemotherapy alone between 2003 and 2011. Detailed
clinical characteristics of the cohort are provided in the Data Supple-
ment. There were 51.3% women, 58.8% of patients were younger than
age 40 years at diagnosis, and 9.8% of patients were older than age 65
years at diagnosis. Most patients had stage IIA nodular sclerosis HL.
Chemotherapy was initiated at a median of 27 days after diagnosis
(interquartile range [IQR], 16 to 41 days), and radiation therapy was
initiated at a median of 171 days (IQR, 145 to 209 days). Median dose
of radiation was 30.6 Gy (IQR, 30.0 to 36.0 Gy), the same for stage I
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Fig 2. Proportion of patients receiving combined-modality therapy in each year by age and sex category. Trends are summarized as annual percent change (APC)
with 95% CIs.
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and II HL, and the median number fractions was 17 (IQR, 15 to 20
fractions). The proportion of patients treated with more than 30.6 Gy
of radiation decreased from 53.2% in 2003 to 22.7% in 2011 (Data
Supplement). The proportion of patients receiving mantle-field radi-
ation also decreased from 29.8% in 2003 to 14.3% in 2011 (Data
Supplement). In addition, there was an increase in patients treated
using three-dimensional conformal (from 3.4% in 2003 to 11.5% in
2011) or intensity-modulated radiation therapy (from 0.8% in 2003 to
14.3% in 2011).

Factors Affecting Treatment Selection

Only 10,200 patients (49.5%) received CMT, and its use evi-
dently declined from 59.4% in 2003 to 45.2% in 2011 (annual percent
change, �3.1%; 95% CI, �3.7 to �2.6%; Data Supplement). This
decline was steepest for women younger than age 30 years, whereas the
trends for women � 50 and men � 70 years old were not significant
(Fig 2).

Treatment selection was associated with both clinical and socio-
economic factors (Table 1). The odds of receiving CMT decreased
with age, and in the youngest group, the odds were further signifi-
cantly lower for women. CMT was less frequently used in patients with
B symptoms, subdiaphragmatic tumors, or lymphocyte-depleted his-
tology. Black patients were significantly less likely to receive CMT,

Table 1. Factors Associated With Treatment Selection Among Patients With
Early-Stage Classical Hodgkin Lymphoma in the National Cancer Data Base,

2003 to 2011

Variable

% of All
Patients

(N � 20,600)
Odds
Ratio 95% CI P

Sex and age category
Male, 18-29 years 15.9 Reference
Male, 30-49 years 19.5 0.92 0.83 to 1.02 .11
Male, 50-69 years 9.7 0.79 0.69 to 0.90 � .001
Male, � 70 years 3.6 0.58 0.47 to 0.72 � .001
Female, 18-29 years 19.7 0.87 0.79 to 0.97 .0083
Female, 30-49 years 19.9 0.92 0.83 to 1.02 .13
Female, 50-69 years 8.1 0.72 0.63 to 0.83 � .001
Female, � 70 years 3.6 0.55 0.44 to 0.68 � .001

Race/ethnicity
White non-Hispanic 81.6 Reference
White Hispanic 6.7 1.08 0.94 to 1.25 .26
Black 9.1 0.84 0.75 to 0.95 .0043
American Indian 0.2 0.95 0.46 to 1.96 .88
Asian/Pacific Islander 2.3 1.15 0.93 to 1.42 .20

No. of comorbidities
0 90.9 Reference
1 7.7 0.75 0.67 to 0.85 � .001
� 2 1.4 0.62 0.47 to 0.83 .001

Stage
IA 17.4 Reference
IB 5.4 0.58 0.49 to 0.68 � .001
IIA 49.6 0.88 0.80 to 0.97 .009
IIB 27.6 0.63 0.57 to 0.70 � .001

Histologic subtype
Nodular sclerosis 65.8 Reference
Mixed cellularity 10.1 1.00 0.90 to 1.11 .95
Lymphocyte

depleted 0.8 0.54 0.38 to 0.77 � .001
Lymphocyte rich 3.7 1.35 1.15 to 1.60 � .001
Unspecified classical

Hodgkin
lymphoma 19.6 0.93 0.86 to 1.01 .096

Anatomic origin
Head/neck 24.8 Reference
Mediastinum/thorax 12.7 1.06 0.95 to 1.17 .32
Abdomen/pelvis 2.3 0.33 0.26 to 0.42 � .001
Axilla/arm 4.6 1.16 0.99 to 1.35 .065
Leg 2.5 0.82 0.67 to 1.01 .062
Extranodal 1.4 0.80 0.61 to 1.04 .096
Nodal, unspecified 51.7 0.86 0.79 to 0.93 � .001

Primary insurance
Private/managed care 70.8 Reference
Uninsured 7.5 0.72 0.64 to 0.82 � .001
Medicaid 8.7 0.86 0.76 to 0.96 .010
Medicare 11.6 0.80 0.70 to 0.92 .0013
Other government 1.4 1.49 1.14 to 1.94 .0035

Median income
� $30,000 11.6 Reference
$30,000-$34,999 16.3 0.97 0.85 to 1.10 .64
$35,000-$45,999 28.1 0.99 0.87 to 1.13 .94
� $46,000 44.0 0.98 0.85 to 1.13 .79

% with at least high
school education

� 14% 14.4 Reference
14.0%-19.9% 22.2 1.03 0.92 to 1.17 .59
20.0%-28.9% 24.0 1.10 0.96 to 1.25 .17
� 29% 39.4 0.99 0.86 to 1.14 .91

(continued in next column)

Table 1. Factors Associated With Treatment Selection Among Patients With
Early-Stage Classical Hodgkin Lymphoma in the National Cancer Data Base,

2003 to 2011 (continued)

Variable

% of All
Patients

(N � 20,600)
Odds
Ratio 95% CI P

Year of diagnosis
2003-2004 22.2 Reference
2005-2006 22.9 0.73 0.66 to 0.80 � .001
2007-2008 23.6 0.63 0.57 to 0.68 � .001
2009-2011 31.3 0.65 0.60 to 0.71 � .001

Type of facility
Community 10.1 Reference
Comprehensive 53.9 1.12 0.97 to 1.30 .11
Academic/research 35.1 0.81 0.69 to 0.96 .015
Other 0.9 0.70 0.46 to 1.07 .096

Geographical region
Northeast 6.7 Reference
Atlantic 16.0 0.79 0.62 to 1.00 .051
Southeast 19.3 0.67 0.53 to 0.84 � .001
Great Lakes 18.9 1.13 0.90 to 1.43 .30
South 5.8 0.95 0.71 to 1.27 .73
Midwest 8.5 1.21 0.92 to 1.59 .17
West 6.9 0.62 0.47 to 0.82 � .001
Mountain 4.7 1.12 0.81 to 1.53 .50
Pacific 13.2 1.02 0.79 to 1.30 .89

Type of area
Metropolitan 97.1 Reference
Urban 11.2 1.08 0.97 to 1.21 .17
Rural 1.7 1.27 0.98 to 1.63 .068

Distance to facility,
miles

� 50 92.0 Reference
� 50 8.0 0.75 0.66 to 0.86 � .001

Random effect variance
Treatment facility 0.50 0.43 to 0.59
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even adjusting for insurance, income, and education. Patients with
private insurance had significantly higher odds of receiving CMT
compared with those who were uninsured or who had Medicaid or
Medicare coverage. The utilization of CMT was lower in academic
centers, in some geographic regions, and when distance to treatment
facility exceeded 50 miles.

A significant random effect related to treatment patterns at indi-
vidual facilities was also evident (intraclass correlation, 13.3%; 95%
CI, 11.6% to 15.2%). Eleven percent of the 1,351 facilities reported a
CMT rate of less than 10%, whereas 6% of facilities reported a CMT
rate of more than 90% (median, 50%; IQR, 30% to 67%). The number
of patients diagnosed at each institution varied from one to 274 pa-
tients (median, 10 patients; IQR, five to 20 patients). Facilities report-
ing less than seven patients had a lower rate of CMT utilization (42%)
than those with larger volume (51%).

Survival Outcomes

Median follow-up time for the 9,296 patients with available survival
data was 6.1 years. Aggregate OS at 5 years was 89.6% (95% CI, 89.0% to
90.3%), and 5-year RS was 94.3% (95% CI, 93.7% to 94.9%). Despite the
NCDB ascertainment mandate, 20% of patients had the date of last con-
tact before 5 years of follow-up, without a significant difference between
the CMT and chemotherapy-only groups (P � .17). Prognostic factors
significantly associated with RS included age greater than 50 years,
comorbidities, B symptoms, mediastinal primary, and unfavorable
(lymphocyte-depleted) or favorable (lymphocyte-rich) histology (Table
2). Race was not significant after adjustment for income and insurance.
Unadjusted 5-year OS estimates were 94.7% (95% CI, 94.0% to 95.3%)
after CMT and 83.7% (95% CI, 82.5% to 84.8%) after chemotherapy
alone; the respective estimates of RS were 97.6% (95% CI, 97.1% to
98.1%) and 89.2% (95% CI, 88.0% to 90.2%).

The significant treatment indication bias between groups was
decreased in the propensity score analysis, with residual standardized
differences of means for all confounders � 3.5% (Data Supplement).
In the adjusted population, OS was significantly better for patients
treated with CMT compared with patients treated with chemotherapy
alone (Fig 2A), with an HR of 0.61 (95% CI, 0.53 to 0.70; P � .001).
Estimated 5-year OS (conditional on surviving 12 months according
to the landmark analysis cutoff) was 94.6% (95% CI, 93.9% to 95.3%)
for CMT and 90.9% (95% CI, 89.9% to 91.7%) for chemotherapy
alone. The excess HR in the RS model also favored CMT over chemo-
therapy (excess HR, 0.42; 95% CI, 0.33 to 0.54; P � .001), with
estimated 5-year RS rates of 97.5% (95% CI, 96.9% to 98.1%) and
94.1% (95% CI, 93.1% to 94.9%), respectively. These significant dif-
ferences persisted when the conditional landmark cutoff was varied
between 6 and 24 months of minimum survival.

There was no evidence of heterogeneity in the HR for OS (Fig 3B)
or RS (data not shown) in subgroups defined by propensity score
quintiles or by clinical factors, including the early unfavorable stage
IIB stratum. The advantage of CMT was relatively insensitive to fur-
ther adjustment by a putative unobserved confounder designed to
confer an unfavorable HR of 2.3 (corresponding to elevated ESR; Data
Supplement). The prevalence of such a confounder would need to be
� 50% in the chemotherapy arm and 0% in the CMT arm to render
the results statistically insignificant. The outcome analysis was also
essentially unchanged using propensity score matching; among the
6,590 matched records, the HR for OS was 0.64 (95% CI, 0.55 to 0.75)
and the excess HR for RS was 0.45 (95% CI, 0.35 to 0.59).

DISCUSSION

In this first, to our knowledge, analysis of population-based treatment
patterns in early-stage HL, we focused on the choice between CMT
and chemotherapy alone as primary strategy. The comprehensive
NCDB data reveal that the use of CMT is continuously declining,
particularly in younger age groups, and currently less than half of
patients undergo CMT. We discovered that socioeconomic factors

Table 2. Prognostic Factors for Relative Survival in Patients With
Early-Stage Hodgkin Lymphoma (n � 9,296)

Variable
Excess

Hazard Ratio 95% CI P

Age, years
18-29 Reference
30-49 1.31 1.03 to 1.65 .025
50-69 2.84� 2.18 to 3.71 � .001
� 70 6.04� 4.19 to 8.71 � .001

Sex
Male Reference
Female 0.89 0.75 to 1.04 .15

Race/ethnicity
White non-Hispanic† Reference
White Hispanic 0.98 0.70 to 1.37 .89
Black 1.22 0.93 to 1.60 .15
Asian/Pacific Islander 1.53 0.87 to 2.69 .14

No. of comorbidities
0 Reference
1 1.95 1.56 to 2.44 � .001
� 2 3.05 2.14 to 4.35 � .001

Stage
IA Reference
IB 1.43 0.98 to 2.09 .061
IIA 1.01 0.78 to 1.31 .92
IIB 1.91 1.48 to 2.45 � .001

Histology
Nodular sclerosis Reference
Mixed cellularity 1.01 0.78 to 1.30 .94
Lymphocyte depleted 2.02 1.21 to 3.38 .0076
Lymphocyte rich 0.47 0.24 to 0.89 .021
Unspecified classical Hodgkin

lymphoma 1.29 1.06 to 1.57 .012
Anatomic origin

Extrathoracic Reference
Mediastinum/thorax 1.41 1.13 to 1.76 .0023

Insurance
Private/managed care Reference
Uninsured 1.95� 1.42 to 2.67 � .001
Medicaid 1.98 1.50 to 2.63 � .001
Medicare 2.24� 1.68 to 2.99 � .001
Other government 1.37 0.66 to 2.87 .40

Median income
� $30,000 Reference
$30,000-$34,999 0.90 0.69 to 1.19 .47
$35,000-$45,999 0.92 0.71 to 1.18 .49
� $46,000 0.64 0.49 to 0.83 � .001

Year of diagnosis (per year,
2003-2006) 0.92 0.86 to 0.99 .035

�Nonproportional hazard; however, inclusion of a time interaction term did not
substantially alter the results.
†Including American Indian category, which was omitted because of

few events.
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such as race and insurance status are significantly associated with the
selection of treatment modality. In addition, we found that patients
who received CMT in 2003 to 2006 in accordance with contemporary
NCCN guidelines had a significant survival advantage.

The association of adherence to guidelines for curative treatment
with socioeconomic factors has been demonstrated in solid tu-
mors.37,38 Similarly, in non-Hodgkin lymphomas, racial and socio-
economic differences in the utilization of treatment modalities exist
and parallel observed disparities in survival.16,39,40 In HL, worse out-
comes among racial minorities and economically deprived patients
were linked to advanced stage at presentation but not to variations in
treatment.14,41,42 We found that after adjustment for the type of health
insurance, other socioeconomic factors including race were no longer
significantly associated with excess mortality. The insurance-related
differences in CMT utilization are thus concerning in the context of
survival disparities. When recommending chemotherapy alone, clini-
cians are often motivated by long-term toxicities of radiation, but

radiation is also costly, requires complex planning, and creates a sig-
nificant psychosocial burden for patients.43,44 Although in clinical
trials most patients complete the assigned therapy and HL progression
during chemotherapy occurs in less than 3% of patients, vulnerable
individuals in the community may not pursue radiation because of
toxicities of chemotherapy or physician recommendation after
interim scans.3,6,7,45,46 This could contribute to the lower rates of CMT
in patients who are older or have comorbidities.

Interim restaging by positron emission tomography (PET), first
described in 2006 as predictive of excellent prognosis after CMT,
might potentially facilitate the use of chemotherapy alone in HL.47

However, two randomized trials have not confirmed noninferiority of
chemotherapy-only strategies guided by interim PET, even though
short-term survival outcomes were excellent.45,48 We could not dis-
tinguish from the NCDB data to what extent interim restaging led to
discrepancies between the initial plan for CMT and the actual delivery
of radiation, potentially leading to analytic bias. However, the major
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decline in CMT utilization occurred before 2007 (Data Supplement),
so the impact of PET on this trend was not evident. In an observational
study, one might expect that individuals with bulky tumors or partial
remission after chemotherapy would be more likely to be offered
radiation, thus creating a bias in favor of chemotherapy alone, but
those few patients who experienced progression during chemotherapy
would have likely aborted the planned radiation. We observed a sig-
nificant survival advantage for CMT that could not be explained by
realistic levels of unobserved confounding. The detected HR is quite
similar to the Cochrane meta-analysis of randomized trials (HR for
OS, 0.40).8 Nevertheless, expert opinions regarding the relative risks
and benefits of CMT remain highly polarized.49,50 Since 2007, the
NCCN guidelines have included an option of therapy with chemo-
therapy alone. Our study sheds additional light on this uncertainty by
excluding significant heterogeneity of treatment effects in subsets de-
fined by age, sex, stage, or histologic subtype. The strategies to limit the
radiation field to involved nodes only and to use intensity-modulated
radiation therapy may offer alternative approaches to balance the
benefits and risks of CMT.51

Despite the fact that the NCDB captured a majority of patients
with HL diagnosed in the United States in 2003 to 2011, our study is
limited by its retrospective design and the nature of the data source.
We could not assess the quality of treatment responses or their effect
on CMT utilization or compare HL recurrences and progression-free
survival. Our surrogate RS end point can measure excess lymphoma-
related mortality compared with the general population, but it may be
affected by performance status and rates of secondary malignancies,
which were unavailable. In addition, we could not identify specific
chemotherapy regimens or duration, which may be another source of
bias. Potential differences between the number of cycles given with or
without radiation may exist. The median time to radiotherapy initia-
tion of nearly 6 months suggests that CMT may have often included
fairly long courses of chemotherapy. Some prognostic factors for HL,
such as ESR, tumor bulk, and involved nodal areas, were also unre-
corded and were addressed through sensitivity analysis, but the ques-
tion of unobserved confounding always limits interpretation of
treatment comparisons from observational data. Some misclassifica-
tion and treatment underreporting are unavoidable in a large registry-
based data set like the NCDB. We found low rates of recorded

chemotherapy and radiation among patients treated outside of the
reporting facility, which led to exclusion of 8% of patients from the
analysis. Still, no treatment was recorded in an additional 9% of
patients, likely reflecting significant underascertainment of treatment
modalities. The need to exclude those patients limits the interpreta-
tion of our results for the population at large. The assumption of
administrative censoring for survival analysis could not be indepen-
dently verified either. Considering further implementation of condi-
tional landmark analysis, we must emphasize that the comparative
aspect of our study should be interpreted with caution, recognizing
these methodologic assumptions. In addition, longer follow-up will be
needed to fully assess the impact of contemporary CMT on the risk of
cardiovascular disease, solid tumors, and resulting long-term survival.

In conclusion, treatment selection in Americans with early-stage
HL is associated with socioeconomic factors, and deviations from
guideline-endorsed pathways may be associated with a survival disad-
vantage. Further research is needed to compare relative risks of mod-
ern CMT using the involved-field techniques with extended
anthracycline-based chemotherapy. The insights gained from our
population-based analysis support ongoing clinical research efforts in
HL, which are necessary to develop treatments that are less toxic
without compromising survival and to eliminate socioeconomic dis-
parities in treatment delivery and outcomes.
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GLOSSARY TERMS

American Joint Committee on Cancer (AJCC)/
Union for International Cancer Control (UICC)
TNM staging: a cancer staging system that describes the extent
of cancer in a patient?s body. “T” describes the size of the tumor and
whether it has invaded nearby tissue; “N” describes regional lymph
nodes that are involved; “M” describes distant metastasis (spread of
cancer from one body part to another). The TNM Classification of
Malignant Tumours was developed and maintained by the UICC to
achieve consensus on one globally recognized standard for classify-
ing the extent of spread of cancer. The TNM classification was also
used by the AJCC. In 1987, the UICC and AJCC staging systems
were unified into a single staging system. Prognosis of a patient is
defined by TNM classification.

Charlson comorbidity index: a weighted index that takes
into account the number and seriousness of 19 comorbid diseases to
categorize comorbidity burden. The Charlson comorbidity index has
prognostic significance in assessing disease outcomes and health
resource use and has been validated in the cancer population.

confounding variables: extraneous variables in a statistical
model that are associated/correlated with both the independent
and dependent variables but are not on the causal pathway be-
tween independent and dependent variables. When confounding
variables are present, crude (unadjusted) statistical models de-
scribing the association between independent and dependent
variables are biased (ie, wrong) as the risk estimate includes the
effect of the confounding variable as well (type 1 error). As a re-
sult, to properly describe the relationship between independent
and dependent variables, a multivariable model that includes
both the independent variable and all relevant confounding vari-
ables as predictors must be executed.

intensity-modulated radiation therapy: radiation treatment
using beams with nonuniform fluence profiles that shape the dose
distribution in the target volume and adjacent normal structures.
Beam modulation is typically achieved via multileaf collimators or
custom-milled compensators to achieve the appropriate fluence pro-
files calculated by inverse optimization algorithms. The radiation
beam is divided into beamlets of varying intensity such that the sum
from multiple beams via inverse planning results in improved tumor
targeting and normal tissue sparing. A technique of radiation therapy
delivery in which the intensity of each beamlet of radiation coming
from a specific angle can be adjusted to provide a desired dose distri-
bution when the doses delivered from all beamlets are added from a
single angle and from all dose delivery angles. An advanced type of
high-precision radiotherapy, which aims to improve the coverage of
the radiotherapy target and/or minimize radiation dose to surround-
ing normal tissue.

landmark analysis: the conditional landmark analysis selects a
fixed time during follow-up as the landmark. The subset of patients still
in the study at the landmark time is separated into categories described
by the classifying event and observed forward in time. Patients who
cease follow-up before the landmark time are excluded from the analy-
sis, and membership in the classifying event group is defined at the land-
mark time regardless of any shifts that may occur later. In essence, the
analysis clock is reset at the landmark.

logistic regression model: a multivariable prediction model in
which the log of the odds of a time-fixed outcome event or other binary
outcome is related to a linear equation.

sensitivity analyses: analyses that evaluate the impact of missing
data and possible differences in interval assessments.
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