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Abstract

Purpose—Concerns regarding long-term toxicities have led some to withhold radiation therapy
(RT) for the treatment of stage | and Il Hodgkin's disease (HD). This study was undertaken to
assess the utilization of RT in HD and its impact on overall survival (OS) and secondary
malignancies.

Materials—This was a study from the Surveillance, Epidemiology, and End Results database that
included patients who were 20 years and older who had been diagnosed with stage | or Il HD
diagnosed from 1988-2006. OS was estimated by the Kaplan-Meier method, and Cox
multivariable Regression model was used to analyze trends.

Results—A total of 12,247 patients were selected and 51.5% received RT. The median follow up
for this cohort was 4.9 years, with 21% of the cohort with > 10 years of follow-up. In 1988-1991,
62.9% received RT whereas in 2004-2006 only 43.7% received RT (p < 0.001). Among this
cohort the 5 year OS was 76% for patients who did not receive RT and 87% for those that did
receive RT (p < 0.001). The hazard ratio adjusted for other variables in regression model showed
that patients who did not receive RT (HR - 1.72, 95% CI — 1.72-2.02) was associated with
significantly worse survival when compared to patients who received RT.

The actuarial rate of developing a second malignancy was 14.6% vs 15.0% at 15 years for patients
who received RT vs. those with no RT (p = 0.089).

Conclusions—This is one of the largest studies to examine the role of RT in stage | and Il HD
and revealed a survival benefit with the addition of RT with no increase in secondary malignancies

© 2010 Elsevier Inc. All rights reserved.

Corresponding Author: Matthew Koshy, MD, Department of Radiation and Cellular Oncology, University of Chicago, 5758 South
Maryland Avenue, M/C 9006, Chicago, IL 60637, USA, mkoshy@radonc.uchicago.edu, Phone: (312) 996-3631, Fax: (312)
996-9265.

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

Conflict of Interest: No author indicated a conflict of interest



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Koshy et al. Page 2

compared to patients who did not receive radiation therapy. Furthermore, this nationwide study
revealed an over 20% absolute decrease in the utilization of RT from 1988-2006.
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Introduction

The treatment of early stage Hodgkin's disease (HD) has been a success story in oncology,
where an incurable disease became curable in the 1960’s with the use of external beam
radiation therapy. Since that time, chemotherapy has similarly demonstrated significant
improvements in outcomes in patients with advanced disease as well as early stages. The
results have been so impressive that co-operative groups changed the treatment paradigm
from improving survival to maintaining the same survival and reducing morbidity by trying
to minimize radiotherapy and chemotherapy. In the early 1990's several publications
revealed significant long term complications associated with a combined modality approach
involving full-dose chemotherapy and extended field radiation therapy (1-4).

This led to the investigation of two treatment strategies: 1. Utilization of combined modality
therapy but with a reduction in the irradiated volume, radiation dose, the number of
chemotherapy cycles, and the number of chemotherapy agents or 2. Utilize chemotherapy
alone with additional cycles and eliminate radiation from the treatment paradigm.
Proponents of chemotherapy alone strategies believed an improved overall survival would
be seen due to the reduction in late radiation related mortality. Furthermore, any increase in
relapses seen in chemotherapy alone strategies would not affect survival because these
patients could be salvaged with additional chemotherapy and stem-cell transplant (5).

These two approaches were then tested in several prospective phase Il trials (6-10). All 5
trials showed a significant improvement in disease control with the addition of radiation
therapy, however this did not translate into a benefit in overall survival in stages I and II.
These trials were limited by low patient numbers and limited follow-up which may have
precluded them from demonstrating any significant survival benefit or any detriment from
delayed radiation morbidity.

We undertook this study to determine in a large population based cohort if radiation therapy
is associated with a survival benefit in stage | and 11 HD. Furthermore, we wanted to
examine overall trends in the utilization of radiation therapy in early stage HD and the
impact of radiation therapy on the second malignancy rate compared to patients who did not
receive radiation therapy.

Methods and Materials

The Surveillance, Epidemiology, and End Results (SEER) database of the National Cancer
Institute covers 26% of the US population and collects incidence and survival data from 17
population based cancer registries. The database contains information on primary tumor site,
age, gender, histology, stage at diagnosis, first course of treatment, follow-up, and cause of
death.

Data and Study Population

Eligible patients had histologically confirmed HD. Lymphocyte-predominant Hodgkin
lymphoma was excluded from this analysis. We restricted the analysis to patients aged 20
years and older who were diagnosed between 1988-2006. Patients with extent of disease
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codes that corresponded to the current American Joint Committee on Cancer stages | and 11
were included. Patient who presented with stage 111 or IV, or unknown stage were excluded.
Patients were classified into two groups based on whether they underwent radiation therapy
as part of their initial treatment. The final sample size included 12,467 patients.

Overall Survival (OS) was the primary study endpoint. OS was defined as the time from
diagnosis to the date of death from any cause. Cause specific survival (CSS) was also
estimated and defined from the time of diagnosis to the date of death from HD. Exposure
variables included categorical variables for type of treatment received. Plausible risk factors
included in the statistical analysis included age, sex, radiation therapy, histology, year of
diagnosis, stage (I vs I1), extranodal involvement, B symptoms, and city population.
Information regarding the utilization of chemotherapy, local control, performance status, and
specific radiation therapy technique (dose, fractionation, beam energy) was not available in
the SEER database.

Statistical Analysis

Results

Estimates of OS and CSS were calculated using the Kaplan-Meier method. The log rank test
was used to estimate whether there were differences in OS and CSS experience among these
patients. All statistical tests were two-sided, and done at the 0.05 level of significance.

The multivariable Cox regression model was used to determine whether variables were
independent predictors of OS and CSS. Hazard ratios (HR) and the corresponding 95%
confidence intervals (CI) were constructed in models adjusted for all listed covariates of
interest. Data were analyzed using SAS (Version 9.3, SAS Institute, Cary, NC).

The median follow up for this cohort was 4.9 years, with 21% of the cohort with > 10 years
of follow-up. Among the 12,247 patients included in this study, 51.5% received radiation
therapy as a primary component of their treatment. The categorical variables of age, sex,
SEER registry, year of diagnosis, stage, extranodal involvement, B symptoms, histology,
and city population were significant predictors of the administration of radiation therapy
(Table 1). Patients with stage Il disease, extranodal involvement, B symptoms, and
lymphocyte rich or nodular sclerosis histology were more likely to receive radiation therapy.

When examining year of diagnosis, there was a significant change in the utilization of
radiation therapy over the years. Between 1988-1991, 62.9% of the cohort received
radiation therapy whereas from 2004-2006 only 43.7% received radiation therapy (p <
0.001) (Figure 1).

Univariate Analysis

Among patients with stage I and Il HD the 5 year OS was 76% for patients who did not
receive radiation therapy and 87% for those that did receive radiation therapy (p < 0.001)
(Figure 2). In patients with stage | and 1l HD the 5 year CSS was 88% for patients who did
not receive radiation therapy and 94% for those that did receive radiation therapy (p <
0.001) (Figure 3). In order to control for bias that would have precluded patients from
receiving any therapy we also examined patients who survived a minimum of one year and
in this cohort the 5 year OS was 85% for patients who did not receive radiation therapy and
90% for those that did receive radiation therapy (p < 0.001).
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Multivariate Analysis

Among all patients, radiation therapy was associated with significantly improved overall
survival, even after adjustment for patient and tumor characteristics (Table 2). Other
variables adversely affecting survival on multivariable analysis included older age, female
sex, earlier year of diagnosis, no extranodal involvement, B symptoms, and lymphocyte
depleted histology. Patients with stage | and Il tumors when analyzed separately were both
found to benefit from the addition of radiation therapy after adjusting for known patient and
tumor characteristics.

Secondary Malignancies

Among the entire cohort, 5.3% of the patients experienced a second malignancy at a median
of 4.3 years. Patients who received radiation therapy were more likely to develop secondary
solid malignancies while those that did not receive radiation had a higher incidence of
developing a secondary leukemias. The actuarial rate of developing any second malignancy
was 14.6% vs 15.0% at 15 years for patients who received radiation therapy vs. those that
did not receive radiation therapy (Figure 4). In order to control for advancements in therapy
which may have significantly changed the second malignancy rate in this cohort we also
examined the rate of developing a second malignancy by treatment era. When examined by
treatment era the actuarial rate of developing a second malignancy was 6.9% at 8 years if
treated from 1998-2007, and 7.3% at 8 years if treated from 1988-1997 (p = 0.18).

Discussion

This population based study examined whether radiation therapy affected survival outcomes
of patients with HD. It found a statistically significant survival benefit for patients with stage
I and Il disease. Furthermore, among the cohort that did receive radiation therapy there was
no increase in secondary malignancies compared to the cohort that did not receive radiation
therapy.

There have been several modern randomized studies that have examined chemotherapy vs.
chemotherapy plus radiation in Hodgkin's disease (7-11). EORTC H9-F was a three arm
study in which patients with favorable stage disease who were complete responders to 6
cycles of EBVP Il (epirubicin, bleomycin, vinblastine and prednisone) were randomized to
36Gy of involved field therapy, 20 Gy of involved field radiation therapy, or no radiation.
An interim analysis revealed the four year event free survival to be 87% in the 36Gy arm,
84% in the 20Gy arm, and 70% in the no radiation arm (P < 0/001). The chemotherapy alone
arm was subsequently closed due to a higher than expected number of relapses that met the
proposed early stopping rule (6). The Grupo Argentino de Tratamiento de la Leucemia
Aguda performed another trial where patients with stage | and 11 disease were treated with
six cycles of CVPP (cyclophophamide, vinblastine, procarbazine, and prednisone) and then
randomized to receive 30Gy of involved field radiation vs. no radiation therapy. With a
median follow up of 84 months, the disease free survival was significantly different at 71%
Vs 62% for patients who radiation therapy vs. those that did not receive radiation (11). A
Children's Cancer Group also examined patients with Hodgkin's disease who were complete
responders to chemotherapy and randomized them to receive involved radiation therapy or
no radiation therapy. An interim analysis revealed an unacceptable number of failures in the
patients who did not receive radiation and the trial was stopped early (10).

Our study, with over 12,000 patients, is one of the largest cohorts of patients with Hodgkin's
disease and revealed that radiation led to an improved overall and cause specific survival in
both stage | and Il. This is the first study to demonstrate a survival benefit in stage | and |1
Hodgkin's disease with the addition of radiation therapy. We hypothesize that the known
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improvement in local control from the addition of radiation therapy did translate into an
improvement in survival. A Cochrane Review examined 9312 patients from 37 trials and
revealed an improvement in chemoradiotherapy over chemotherapy alone (OR = 0.62, 95%
Cl, 0.44 t0 0.88, p = 0.006). Furthermore, the second malignancy rate was not significantly
increased for those that received chemoradiotherapy versus chemotherapy alone in early
stage patients (12). Another meta-analysis included 1,245 patients from 5 randomized trials
and revealed an improved hazard ratio of 0.40 (95% CI 0.27 — 0.59) for patients receiving
chemoradiotherapy compared to chemotherapy alone (13). Our results are in accordance
with these meta-analyses of early stage patients.

Concerns over long-term toxicities with radiation have led some investigators towards
favoring chemotherapy alone strategies in favorable risk Hodgkin's disease (14). However,
as mentioned above, all clinical trials investigating this approach have shown an increased
rate of relapse in patients who do not receive radiation therapy. Our data was surprising that
despite the lack of evidence for the omission of radiation therapy for stage I and Il
Hodgkin's disease, this nationwide study revealed an over 20% absolute decrease in the
utilization of radiation therapy from 1988-2006. This large decrease may be a result of
patients not receiving centralized care in a multi-disciplinary setting. It is paramount that all
cases of early stage Hodgkin's lymphoma be considered for combined modality therapy (15).
Treatment planning involving radiation oncologists and medical oncologists should be
standard of care.

Second malignancies are the most serious late complication following successful treatment
of Hodgkin's lymphoma (1,3,16-18). There have been conflicting reports regarding whether
the addition of radiation therapy to chemotherapy leads to a significant increase in the
incidence of second malignancies compared to chemotherapy along strategies (18-25). Our
study revealed that the actuarial risk of developing a second malignancy was equivalent
between patients that received radiation vs. those that did not receive radiation. There was a
higher number of secondary leukemias in the group that did not receive radiation therapy,
which may be due to this group having received more cycles of chemotherapy. Also, older
chemotherapy regimens such as MOPP (mechlorethamine, vincristine, procarbazine, and
prednisone) which utilized higher doses of alkylating agents may also explain the increased
incidence of leukemia observed in this cohort (18,19,26). There have been several
advancements in the treatment of Hodgkin's disease over the past twenty years including the
omission of alkylating agents from multi-agent chemotherapy and the use of involved field
radiation therapy. Furthermore, we demonstrated in Figure 1 that there was a significant
decrease in the utilization of radiation therapy over the past 20 years. However, it was
interesting to note that despite these changes there was no significant difference in the
actuarial rate of second malignancies between those patients treated in an earlier treatment
era from 1988-1997 and from 1998-2007.

This study was limited primarily based on information availability in the SEER database
(27). First, no information on radiotherapy technique (total dose, fraction size, beam energy)
was available. Second, we could not determine which patients had unfavorable risk factors
such as bulky disease, 3 or more involved nodal regions or an elevated ESR, however we
did adjust for all available patient and tumor characteristics. We also cannot comment on
what kinds of chemotherapy patients received. It is possible that patients treated in earlier
years received less efficacious chemotherapy regimens. However, in spite of these
limitations we were able to show a benefit to radiation therapy after adjusting for known
patient and tumor characteristics. Furthermore, in an attempt to exclude patients whose
performance status or other factors may have limited them from receiving a form of
definitive therapy we examined patients who survived greater than a year. In this cohort, of
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one year survivors we were also able to demonstrate a survival benefit towards radiation
therapy.

Conclusions

This is one of the largest studies to examine the role of radiation therapy in the initial
management for patients with stage | and 11 Hodgkin's disease. Our analysis revealed a
survival benefit with the addition of radiation therapy with no increase in secondary
malignancies. Over the same time period, the utilization of the radiation in stage | and Il
Hodgkin's disease has decreased by over 20%.
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Figure 1.
Percentage of Hodgkin's Patients Receiving Radiation Between 1988-2006, by Year of

Diagnosis
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Kaplan Meier Curve showing overall survival of patients receiving and not receiving
radiation therapy (RT) (p <0.001)
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Figure 3.
Kaplan Meier Curve showing cause specific survival of patients receiving and not receiving
radiation therapy (RT) (p < 0.001)
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Figure 4.
Kaplan Meier Curve showing incidence of patients who developed a second malignancy. (p
-0.089)
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Table 1
Predictors of Radiation Therapy Use
No. of % Who % Who Did  P-valuet
Patients*  Received  Not Receive
Radiation  Radiation
Therapyt  Therapyt
Overall 12,447 515 485
Patient characteristics
Age in years <.001
20-44 years 8077 55.3 447
45-59 years 2031 41.7 52.3
60-74 years 1398 43.0 57.0
75+ years 941 39.6 60.4
Sex <.001
Male 6289 49.6 50.5
Female 6158 534 46.6
Location of SEER registry <.001
San Francisco 1059 69.6 304
Connecticut 1404 42.8 57.2
Detroit 1222 52.6 47.4
Hawaii 213 55.9 441
lowa 803 62.3 317
New Mexico 336 473 52.7
Seattle 1064 67.3 32.7
Utah 494 56.7 43.3
Atlanta 691 39.9 60.1
San Jose 450 68.4 31.6
Los Angeles 1429 42.1 57.9
California (other than SF/SJ/LA) 1384 49.0 51.0
Kentucky 440 42.7 57.3
Louisiana 442 453 54.8
New Jersey 1016 39.3 60.7
Year of diagnosis <.001
1988-1991 1413 62.9 37.1
1992-1994 1488 56.2 43.8
1995-1997 1542 53.3 46.7
1998-2000 2008 54.5 455
2001-2003 2996 48.5 51.5
2004-2006 3000 43.7 56.3
Tumor characteristics
Stage .03
| 4569 50.2 49.8
1 7877 52.2 47.8
Involvement .05

Int J Radiat Oncol Biol Phys. Author manuscript; available in PMC 2011 November 1.
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No. of % Who % Who Did  P-valuet
Patients*  Received  Not Receive
Radiation  Radiation
Therapyt  Therapyt
No Extranodal Involvement 930 48.4 51.6
Extranodal Involvement 11517 51.7 48.3
B Symptoms <.001
Yes 3244 44.6 55.4
No 9203 53.9 46.1
Histology <.001
Lymphocyte Rich 526 63.5 36.5
Mixed Cellularity 1954 48.9 51.1
Lymphocyte Depleted 135 333 66.7
Nodular Sclerosis 8416 53.5 46.5
Hodgkin Lymphoma NOS 1416 40.3 59.8
Metro Counties 0.003
Avreas of 1 million population or more 8105 51.3 48.8
Areas of 250,000 to 1 million 2458 49.8 50.2
Avreas of fewer than 250,000 population 764 58.5 415
Nonmetro counties
Urban population of 20,000 or more, adjacent to a metro area 309 55.0 45.0
Urban population of 20,000 or more, not adjacent to a metro area 178 48.9 51.1
Urban population of 2,500 to 19,999, adjacent to a metro area 283 47.7 52.3
Urban population of 2,500 to 19,999, not adjacent to a metro area 240 52.1 479
Completely rural or less than 2,500 urban population 108 57.4 426
Unknown/not official USDA Rural-Urban Continuum code 2 50.0 50.0
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