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Abstract

Background: The stage-specific roles of radiotherapy (RT) alone, chemotherapy
alone, and combined RT and chemotherapy (CRT) for patients with nodular lympho-
cyte predominant Hodgkin lymphoma (NLPHL) have not been adequately evaluated.
Methods: We analyzed patients with all stages of NLPHL enrolled in the Surveillance,
Epidemiology, and End Results (SEER) registry from January 2000 to December 2015.
Propensity score (PS) analysis with 1:1 matching (PSM) was performed to ensure the
well-balanced characteristics of the comparison groups. Kaplan—Meier and Cox propor-
tional-hazards models were used to evaluate the overall survival (OS), cancer-specific
survival (CSS), hazard ratios (HRs), and corresponding 95% confidence intervals (95%
CI). Restricted mean survival times (RMST) were also used for the survival analyses.
Results: For early-stage patients, CRT was associated with the best survival, the
mean OS was significantly improved by approximately 20 months (20 m), and the
risk of death was reduced by more than 80%, both before and after PSM (p < 0.05).
For advanced-stage patients, none of RT alone, chemotherapy alone, or CRT had a
significant effect on survival. Chemotherapy alone and CRT might be more beneficial
for long-term survival (RMST , ,,: neither RT nor chemotherapy vs. chemotherapy
alone vs. CRT = 104 m vs. 111 m vs. 108 m). Subgroup analysis of patients with
early-stage NLPHL showed that CRT was associated with better survival of elderly
patients (improved OS = 43.8 m, HR = 0.14, p < 0.05). However, the survival ben-
efits of treatments for young patients were not statistically significant. The efficacy of
RT was significantly different between the age groups (Psor interaction = 0-020).
Conclusions: These results from SEER data suggest that CRT may be considered
for early-stage NLPHL, especially for elderly patients. Further studies are needed to
identify effective treatments in patients with advanced-stage NLPHL.
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WANG ET AL.

1 | INTRODUCTION

Nodular lymphocyte predominant Hodgkin lymphoma
(NLPHL) accounts for less than 10% of Hodgkin lymphomas
(HLs).1 Its clinicopathological, immunological, and molecu-
lar features are different from those of classical HL (CHL).
NLPHL develops slowly, tends to be inert, and has a better
prognosis than CHL.? Owing to its low incidence, few studies
are defining the optimal treatment strategies for patients with
NLPHL, especially for advanced-stage patients.

Currently, treatment regimens for NLPHL are mostly
based on experience in the treatment of CHL. Radiotherapy
(RT), chemotherapy, and immunotherapy are all treatment
options for NLPHL. Although the response rate to primary
therapy exceeds 90%, late relapses are somewhat common
(occurring in 10%-35% of the patients), which is different
from CHL.> Also, NLPHL can transform into a more ag-
gressive lymphoma, as a result of treatment or progression
of the disease, especially in patients who present with bulky
disease, subdiaphragmatic disease, and splenic involvement.*
Approximately, 75% of the patients with NLPHL are diag-
nosed in the early stage (stage I and II), whereas patients with
advanced-stage disease (stage III and IV) are rare.’ In gen-
eral, patients with early-stage NLPHL are treated with local
RT.® However, the benefit of the addition of chemotherapy
to RT alone in early-stage disease remains controversial.
Patients with advanced-stage NLPHL usually receive chemo-
therapy, but the role of RT in advanced disease has not been
determined.®

Nevertheless, RT and chemotherapy may both be valuable
and currently applicable treatment options. A study of data
from the National Cancer Database (NCDB) showed that
RT improved survival in patients with all stages of NLPHL.’
However, no studies specifically addressed the relatively
stage-specific roles of RT alone, chemotherapy alone, and
combined RT and chemotherapy (CRT) in NLPHL. Hence,
we analyzed the data of patients with NLPHL from the
Surveillance, Epidemiology, and End Results (SEER) reg-
istry by using conventional and propensity score matching
(PSM) approaches.

2 | PARTICIPANTS AND METHODS

2.1 | Study population and data sources

SEER encompasses population-based cancer registries cover-
ing approximately 28% of the U.S. population and records in-
formation on basic demographics, tumor site, histology type,
stage, treatment, etc.® SEER*stat software (version 8.3.4)
was used to select patients from the SEER-18 database who
were diagnosed with HL in 2000-2015 (n = 36,389). Our
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study was limited to patients with NLPHL, using the lym-
phoma subtype recode/World Health Organization (WHO)
2008 classification (n = 1,939).9

Included in our study were subjects with only one pri-
mary tumor, microscopic diagnosis confirmation, active fol-
low-up, and more than 6 months (6 m) of survival. Patients
with unknown vital status were excluded. This resulted in
a total of 1,281 patients in this study, including patients
who received neither RT nor chemotherapy (n = 218, the
control group), patients who received chemotherapy alone
(n = 531, case group 1), patients who received RT alone
(n = 306, case group 2), and patients who received CRT
(n = 226, case group 3) (Figure 1). Pertinent demographics
and treatment characteristics were included in this analysis.
Treatment-related variables coded in SEER reflect initial
treatment only. No specific chemotherapy protocol could be
ascertained. We categorized patients into older (>45 years
old) and younger patients (<45 years old) according to the
stratification of age recommended by the WHO.'® Lower
family income was defined as those with less than 5000
dollars per annum.

22 | PSM
PSM is a tool to reduce the selection bias in nonrandomized
studies. PSM can adjust potentially confounding factors to
improve the balance between groups and enhance compara-
bility.!! This makes the results more credible. A multivariate
logistic regression model was used to calculate propensity
scores for each patient. Propensity 1:1 nearest neighbor
matching, which matched patients treated with chemother-
apy and those treated without chemotherapy, was employed
(PSM model 1). Similarly, PSM was used to match patients
treated with RT and those treated without RT (PSM model
2). The covariate balance was examined by the standardized
deviation. Covariates were selected by the same strategy as
shown in the following section.

2.3 | Statistical analysis
Categorical data were described with absolute frequency
counts and percentages; continuous data were described by
means (since the median survival had not yet been reached as
of the date of analysis). General linear models and Mantel—
Haenszel chi-square tests were used to compare the distribu-
tion of demographic characteristics. The primary objective
was to evaluate overall survival (OS) and cause-specific sur-
vival (CSS).

The statistical analyses consisted of multiple steps. First,
Kaplan—Meier curves were used to assess the association of
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FIGURE 1 The flowchart of study population selection.

variables with survival. Subsequently, significant variables
in the univariate analysis were entered into the multivariate
Cox regression models. Variables that remained significant
were used for the final Cox regression analysis and were
selected to generate the propensity scores. The restricted
mean is a measure of average survival from time O to a spec-
ified time point and may be estimated as the area under the
survival curve up to that point.12 Restricted mean survival
times (RMSTSs), which were calculated by the package “sur-
vRM?2” of the R Project,13 were used to assess the survival
of patients in advanced stages. The data from each treatment
group were insufficient for the Cox regression analysis. The

truncation time points for the calculation of RMSTs were
36 m, 60 m, and 120 m. The survival analyses above were
conducted in the original data set and the matched data sets
(PSM model 1 and PSM model 2). Finally, we conducted
subgroup analyses according to age group and the presence
of B symptom:s.

Any causes of death or the survival status of patients were
censored at the time of death or the last follow-up. Age was
used as the timescale for all models, with the entry time defined
as age at diagnosis and exit time defined as age at death, last fol-
low-up, or 31 December 2015, whichever came first. A p-value
of <0.05 (two-sided probability) was considered statistically
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significant. All analyses were conducted using SPSS 23 (IBM
Corp, Armonk, NY, USA) and R version 3.6.1.

3 | RESULTS

3.1 | Baseline characteristics

The distributions of patient characteristics are presented in
Table 1 for the study groups categorized by receipt of RT,
and receipt of chemotherapy. A total of 1281 patients were se-
lected in the study, including patients in stage I (41.1%), stage
II (28.1%), stage I (20.1%), stage IV (6.6%), and unknown
stage (4.0%). The mean age of the patients was 38 years old
(range, 2-88). The majority of the patients were male (69.6%)
and white (68.8%), and lived in Pacific Coast/Alaska (41.4%)
and East (41.4%) regions. The proportion of patients that had B
symptoms (12.6%) was lower than that of patients who did not
have them (61.0%). Patients who were younger, had stage II or
above disease, had B symptoms, and who did not receive RT
or surgery, were more likely to receive chemotherapy. Patients
who had early-stage disease, had B symptoms, did not receive
chemotherapy, and who received surgery, were more likely to
receive RT. In early-stage NLPHL, the proportion of patients
who received RT was slightly higher than those who did not re-
ceive RT (stage I, 56.0% vs. 44.0%; stage 11, 51.7% vs. 48.3%).
After PSM, the distributions of most demographic and clinical
factors were well balanced between groups.

3.2 | The role of chemotherapy and RT in
early-stage NLPHL

Table 2 shows the survival of patients with early-stage NLPHL
in different treatment groups, before and after PSM (more
details about stage I and stage II separately are shown in
Tables S1 and S2). The group of patients who received nei-
ther chemotherapy nor RT was used as the reference in the
following comparisons. For patients with early-stage NLPHL,
CRT was associated with the best OS (before PSM: improved
OS =195 m, p = 0.001; HR 95% CI = 0.19, 0.05-0.69,
p = 0.011) (after PSM: PSM model 1: improved OS = 19.4 m,
p = 0.001; HR, 95% CI = 0.12, 0.03-0.46, p = 0.002. PSM
model 2: improved OS = 20.6 m, p = 0.001; HR, 95%
CI=0.11,0.03-0.49, p = 0.001). The 10-year CSS was nearly
100% for patients who received CRT. RT alone was also found
to be associated with an improved OS of approximately 15 m
(p > 0.05), improved the CSS by around 10—12 m (before PSM,
after PSM: p = 0.034, 0.106, respectively), and decreased the
HR by around 60%—80% (before PSM, after PSM: p,;_ 0.022,
0.003; pegs = 0.036, 0.109, respectively). Although chemo-
therapy alone had certain survival benefits (before PSM, after
PSM: improved OS = 12.1 m, 9.2 m; improved CSS = 5.3 m,
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4.7 m, respectively), most of these increases were not statisti-
cally significant.

3.3 | The role of chemotherapy and RT in
advanced-stage NLPHL

Table 3 presents the survival of patients with advanced-stage
NLPHL in different treatment groups, before and after PSM
(more details are shown in Tables S1-S3). Most patients with
advanced-stage NLPHL received chemotherapy alone (74.9%),
and few of them received RT alone (2.0%). Taking the group
of patients who received neither chemotherapy nor RT as the
reference, none of the treatments provided statistically sig-
nificant improvements in the survival of patients. The results
were consistent before PSM and after PSM. During early pe-
riods (36 m), no treatment group showed better survival. With
the extension of follow-up, the survival benefits from chemo-
therapy alone and CRT seemed to increase over time (control
group vs. case group 1 vs. case group 3; RMST;4 . =34.8 m vs.
34.5 mvs. 34.0 m; RMSTy,,, = 56.1 m vs. 56.2 m vs. 55.1 m;
RMST 5y, = 104.7 m vs. 106.3 m vs. 108.1 m).

Subgroup analyses.

Table 4 shows the subgroup analyses of OS, according to
age group and the presence of B symptoms, before and after
PSM. For younger patients (<45 years old) with early-stage
NLPHL, chemotherapy and RT did not bring statistically
significant survival benefits. Of the 38 younger patients in
the advanced stage, 23 patients received RT or chemother-
apy, and had not died at the time of follow-up. For older
patients (245 years old) with early-stage NLPHL, RT alone
was associated with better survival (improved OS = 43.4 m,
p = 0.062), and CRT significantly improved the survival
(improved OS = 43.8 m, p = 0.002). After PSM, both RT
alone and CRT were significantly associated with reduced
HR (p < 0.05). The role of RT alone in patients with ear-
ly-stage NLPHL was significantly different between young
and elderly patients (Pso; ineraction = 0-020). For patients with-
out B symptoms, the survival benefits, which were associated
with RT and chemotherapy, were not statistically significant
both before and after PSM (p > 0.05). The number of patients
with B symptoms was too small to compare survival among
the treatments.

4 | DISCUSSION

To our knowledge, the present study is the first SEER analy-
sis using PSM to assess the stage-specific roles of RT alone,
chemotherapy alone, and CRT in the treatment of NLPHL.
The stage-specific survival benefits seen from the large
SEER database suggested that the use of RT and chemother-
apy in the management of NLPHL should be stage-specific.
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TABLE 4 Final multivariate analysis of OS by different subgroups in patients with NLPHL, SEER 2000-2015

Before PSM After PSM"
Mean survival (95%

Therapy N CD r HR (95% CI) r
Age <45, early stage
Neither RT nor CT (as ref.) 87 178.4 (172.6-184.1) 1
RT alone 183 185.4 (181.7-189.0) 0.403 1.08 (0.16-7.06)° 0.94
CRT 124 187.6 (184.9-190.3) 0.143 0.19 (0.02-1.87)° 0.156
Age 2 45, early stage
Neither RT nor CT (as ref.) 56 130.6 (114.1-147.1) 1
CT alone 80 154.5 (142.0-167.0) 0.441 0.77 (0.29-2.04)* 0.605
RT alone 132 174.0 (163.7-184.2) 0.062 0.08 (0.01-0.57)° 0.011
CRT 64 174.4 (167.2-181.6) 0.002 0.14 (0.03-0.66)° 0.013
Without B symptom
Early stage (IA, IIA)

Neither RT nor CT (as ref.) 79 135.5 (129.4-141.6) 1

CT alone 155 139.0 (135.1-142.9) 0.646 0.77 (0.15-3.96)* 0.758

RT alone 208 136.1 (132.6-139.7) 0.923 0.45 (0.08-2.71)° 0.385

CRT 119 141.9 (139.7-144.1) 0.119 0.19 (0.02-1.86)° 0.155
Advanced stage (IIIA, IVA)

Neither RT nor CT (as ref.) 23 115.5 (94.9-136.1) 1

CT alone 159 130.2 (123.5-136.8) 0.211 0.26 (0.03-2.29)* 0.223

CRT 23 123.7 (105.5-141.8) 0.675 0.82 (0.17-4.08)° 0.809

Abbreviations: CI, confidence interval; CRT, combined radiotherapy and chemotherapy; CT, chemotherapy; NLPHL, Nodular lymphocyte predominant Hodgkin

lymphoma; OS, overall survival; PSM, propensity score matching; ref., reference; RT, radiotherapy; SEER, Surveillance, Epidemiology, and End Results.

Groups with no valid results are not shown in the table.

'Selected covariates for Propensity score (PS) analysis with 1:1 matching were different at different stages.

%p-values were derived from Kaplan—Meier survival analysis.

3p—values were derived from the final multivariate Cox proportional-hazards models that insignificant variables were dropped.

4PSM model 1: PSM was performed to match patients treated with chemotherapy and those treated without chemotherapy.

SPSM model 2: PSM was performed to match patients treated with radiotherapy and those treated without radiotherapy.

®Evaluating the association of CRT with survival in PSM model 1 or 2, respectively. The better results were showed here.

Owing to the low incidence of NLPHL, the number of
prospective randomized controlled trials (RCTs) conducted
to evaluate the optimum treatment for all stages has been lim-
ited so far. For early-stage NLPHL, RT alone has generally
been considered to be able to control disease and achieve a
high survival rate.'*'® However, with widespread concern
about the long-term risk of RT, the use of chemotherapy
alone has been further studied. Some studies have reported
that lymphomas treated with chemotherapy alone were likely
to relapse after treatment, and that chemotherapy alone could
not adequately control the disease.'*!*?° On the contrary,
the controversy over whether or not chemotherapy should be
added to RT remained. Also, some studies have suggested
that combination chemotherapy was ineffective, 131719
while others found that the addition of chemotherapy could
reduce the long-term complications of RT.** An RCT in-
dicated that chemotherapy combined with reduced-dose RT

was equally effective and less toxic than RT alone™ Our
research reinforced that RT played an important role in the
treatment of early-stage NLPHL, and found that CRT was
associated with the best survival. Independently, compared to
RT alone, CRT could reduce patients’ death risk by more than
half; however, this decrease was not statistically significant.
Optimizing the risk/benefit ratio of treatment by minimizing
toxicity is the primary objective of most clinical studies on
early-stage NLPHL. Thus, reducing the dose of RT by com-
bining it with chemotherapy, which can achieve the same ef-
ficacy with reduced toxicity, might be the optimal option for
early-stage patients.s’24 In line with our findings, the recent
HD7 to HDI15 trials of the German Hodgkin Study Group
(GHSG) indicated that the first-line treatment for early-stage
NLPHL should be local RT after short-term chemothelrapy.25

The optimal therapeutic strategy for the advanced-stage
NLPHL has yet to be defined. Currently, evidence for the
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treatment of advanced-stage NLPHL mainly comes from ret-
rospective analyses of CHL and single-institution published
experiences.”® The GHSG in 2008 reported that the com-
plete remission rate and freedom from treatment failure rate
were similar for advanced-stage NLPHL and CHL.” Thus,
patients with advanced-stage NLPHL were generally treated
the same way as patients with CHL. Chemotherapy was rec-
ommended for patients with advanced-stage NLPHL, and
the addition of RT was optional.6 In the absence of RCTs,
controversies exist regarding the best chemotherapy regi-
men.”*?’ National Comprehensive Cancer Network guide-
lines suggest that the chemotherapy regimens of either CHL
or B-cell non-Hodgkin lymphoma are options for NLPHL.®
To the best of our knowledge, phase III RCTs studying
the role of RT in treating advanced-stage NLPHL are not
available, except for one retrospective analysis based on the
NCDB database.” The NCDB study concluded that RT was
associated with prolonged OS in all stages of NLPHL (me-
dian OS for advanced-stage: 54.1 vs. 39.6 months, p = 0.06).
However, our analysis did not find that RT alone, chemother-
apy alone, and CRT significantly prolonged the survival of
patients with advanced-stage NLPHL. Although chemother-
apy alone and CRT seemed to have benefits for long-term
survival, the sample size might not have been large enough;
besides, NLPHL patients generally have long survival. Thus,
these factors might result in inadequate power in the statis-
tical analysis.

Being older than 45 years old was generally considered to
be a poor prognostic factor.'® We found that CRT increased
survival by 43.8 m for older patients but only 9.2 m for
younger patients. Particularly, we found that elderly patients
could benefit more from RT than younger patients, and the
difference was statistically significant (P, interaction = 0-020).
This may be due to the commonly longer survival of younger
patients. Additionally, this indicated that elderly patients
needed more intensive treatment because of their poor prog-
nosis. In general, our results suggested that early-stage pa-
tients over 45 years old might benefit from timely treatments,
of which CRT might be the appropriate option. For younger
patients, CRT was also associated with better survival than
RT alone.

B symptoms are rare in patients with NLPHL, and only
12.6% of the patients in this study suffered from these symp-
toms. Consistent with previous findings,SO’31
the presence of B symptoms was associated with worse sur-
vival (OS, 126.3 m vs. 136.3 m). Current studies suggest that
patients with stage IA NLPHL are at low risk, and combined
therapy is not recommended for this group of patients.m’18
Similarly, in the subgroup analysis of early-stage patients
without B symptoms, we did not find significant survival
benefits from RT or chemotherapy, suggesting that addi-
tional therapy might be unnecessary for low-risk patients.
Due to limitations of our data, we were not able to compare

we found that
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the survival benefits between different treatments in pa-
tients with B symptoms, as well as in patients with other
poor prognostic factors, such as bulky disease and splenic
involvement.

Death in NLPHL patients is often caused by late treat-
ment-related effects, such as secondary malignant tumors,
rather than lymphoma-related complications.25 Considering
the indolent course of NLPHL, many patients might be man-
aged by watchful waiting.32 However, just watching and wait-
ing might lead to unfavorable development or transformation
into a more aggressive type, resulting in a diminished poten-
tial for cure.®® A retrospective study found that early treat-
ment with chemotherapy or RT significantly reduced the risk
of progression compared to watchful Waiting.34 Our findings
also demonstrated the effectiveness of chemotherapy and RT
in early-stage patients. Therefore, prompt intervention with
curative intent might be a reasonable choice for appropriate
patients in the early stages.

Unlike RCT data, the data from the SEER registry are
usually very complete and represent the real-world patient
population. Nevertheless, we acknowledge several limita-
tions of this study. First, the possibility of bias is a con-
cern. The participants in the study were recruited through
a representative national database, which reduced possible
selection bias. We excluded patients who survived less than
6 months to reduce immortal time bias.*> PSM was used
to reduce the bias caused by the imbalanced distribution
of measured covariates. The results remained stable before
and after PSM. Second, the study was based on registry
data, which contained limited information; for example, the
data lacked information on treatment regimens and poten-
tial risk factors. Although it would be preferable to obtain
more details, this study aimed to describe the overall role
of RT alone, chemotherapy alone, and CRT in all stages of
NLPHL. In this regard, we believe that the available data
can serve the aim well. Moreover, the role of rituximab can-
not be ignortad.36'38 However, our results also suggested that
rituximab alone could not fully control the disease. We an-
alyzed the data of NLPHL patients enrolled in SEER before
2000, which were collected before the rituximab era (Table
S4). The results were essentially identical. Therefore, RT
and chemotherapy are still valuable options for the treatment
of NLPHL. Finally, although the SEER-Medicare database
reports comorbidity, detailed radiation, and second-line che-
motherapy information, patients in the database are limited
to an older population (>65 years of age), which is not rele-
vant to NLPHL.

Given the rarity of NLPHL, prospective clinical trials
with enough power are not easily conducted, especially for
specific subgroups. Although some limitations existed, this
study made use of the largest database and provided valuable
evidence with considerable significance in informing the
treatment paradigms for NLPHL patients.
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5 | CONCLUSION

In conclusion, our “real-word” analysis of SEER data did
not produce results that substantially differ from those of
current studies, and rather confirmed previous results. For
early-stage patients, we found that CRT was associated with
the best survival. Especially for elderly patients in the early
stages, a timely intervention was beneficial to survival. For
advanced-stage patients, chemotherapy alone and CRT were
likely to be associated with long-term survival benefits, but
these associations were not statistically significant. More
effective treatment strategies and analyses of event-free
survival for patients with NLPHL remain to be explored in
phase III RCTs.
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