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Multiple clinical trials have assessed de-escalation strategies from combined modality therapy

(CMT) to chemotherapy-alone for the treatment of early-stage classical Hodgkin lymphoma

(cHL), confirming similar outcomes. The application of these data to the real-world is limited,

however. We conducted a retrospective, multicenter cohort study comparing CMT vs

chemotherapy-alone in patients with early-stage cHL (stage IA-IIB) treated between January

2010 and December 2020. Positron emission tomography (PET) scans after chemotherapy cycle

2 (PET2) were independently reviewed by a nuclear radiologist (Deauville score $4, positive;

#3, negative). Patient outcomes were compared by using an intention-to-treat analysis. Among

125 patients (CMT, n 5 63; chemotherapy-alone, n 5 62) with a median follow-up of 59.8

months (95% CI, 48.6-71.0), no differences in overall survival were observed (5-year overall

survival, CMT 98.0% vs chemotherapy-alone 95.1%; log-rank test, P 5 .38). However, there was

reduced progression-free survival (PFS) with chemotherapy-alone among all patients

(2-year PFS, CMT 95.1% vs chemotherapy-alone 75.3%; log-rank test, P 5 .005) and in those

with bulky (n 5 43; log-rank test, P , .001), unfavorable (n 5 81; log-rank test, P 5 .002), or

PET2-positive (n 5 15; log-rank test, P 5 .02) disease. No significant differences in PFS were

seen for patients with non-bulky (log-rank test, P 5 .35), favorable (log-rank test, P 5 .62), or

PET2-negative (log-rank test, P 5 .19) disease. Based on our real-world experience, CMT seems

beneficial for patients with early-stage cHL, especially those with PET2-positive and

unfavorable disease. Chemotherapy-alone regimens can lead to comparable outcomes for

patients with favorable, non-bulky, or PET2-negative disease. We conclude that although

results seen in clinical trials are replicated in certain patient subgroups, other subgroups not

fitting trial criteria do poorly when radiotherapy is excluded.

Introduction

Classical Hodgkin lymphoma (cHL) is a B-cell lymphoid malignancy associated with a high degree of
cure, especially among patients with early-stage (I-II) disease.1,2 Traditionally, treatment for patients with
early-stage cHL has been combined modality therapy (CMT), with both chemotherapy and radiotherapy
(RT). Multiple studies have shown that CMT leads to improved disease control; however, there are nota-
ble long-term toxicities related to RT, including cardiac toxicities and secondary malignancies.3-5
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Key Points

� In the real-world
setting, CMT led to
improved outcomes
for patients with
PET2-positive and
unfavorable disease.

� Similar to clinical
trials, favorable, non-
bulky, and PET2-
negative subgroups
had comparable
survival outcomes
with chemotherapy-
alone.
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Conversely, while the exclusion of RT may lead to a reduction in
these long-term toxicities, if greater rates of relapse occur with
chemotherapy-alone, patients face increased toxicity with salvage
treatment and transplant down the road.6,7

Given this controversial risk–benefit scenario, many major clinical tri-
als have focused on investigating treatment de-escalation strategies
with the exclusion of RT. The positron emission tomography (PET)
scan after the second cycle of chemotherapy (PET2) is an important
prognostic factor that recent clinical trials have used to assess
response-adapted strategies.8,9 Multiple trials have failed to show
noninferiority of chemotherapy-alone compared with CMT; however,
patients with interim PET-negative disease have displayed a very
good prognosis with RT omitted.8-10 In patients with early-stage
bulky disease, treatment is additionally controversial as the definition
for bulky disease has been inconsistent, and many international trials
have either excluded or grouped these patients into advanced dis-
ease cohorts.11,12

Translating clinical trial data to clinical practice is difficult, as the
strict inclusion and exclusion criteria often used in trials are not rep-
resentative of the heterogeneous patient populations seen in prac-
tice.13 Currently, there is limited real-world, institution-based data
assessing the implications of these recent clinical trials on optimal
disease management in early-stage disease. The primary objective
of the current study was to assess institution-based patient out-
comes of treatment with CMT compared with chemotherapy-alone
in patients with early-stage cHL. Our secondary objectives were to
assess treatment-related toxicities as well as differences in patient
outcomes based on the number of chemotherapy cycles, PET2-
response, bulky or non-bulky disease, and favorable or unfavorable
disease prognosis.

Methods

Study design and participants

This retrospective, multicenter, single-institution–based cohort study
was conducted in 125 consecutive adult patients (aged $18 years)
with previously untreated early-stage cHL (stage IA-IIB) who
received treatment at the Mayo Clinic (Rochester, Arizona, and Flo-
rida) between January 2010 and December 2020. Our real-world
analysis stems from our institutional experience observing all
patients treated in the 10-year period to provide a representation of
the general patient population seen in clinical practice. We included
patients regardless of clinical trial participation and excluded
patients who did not have a pretreatment PET scan or who had
missing treatment-related data (supplemental Figure 1). Patient
demographic and clinical characteristics, along with detailed
treatment-related data and outcomes, were abstracted through an
electronic chart review. The study was determined to be exempt by
the Mayo Clinic Institutional Review Board (IRB-21-008273).

Covariates, treatment regimens, and complications

Patient baseline characteristics, including age, sex, presence of B
symptoms (fevers, drenching night sweats, or unexplained weight
loss .10% of body weight), pretreatment erythrocyte sedimentation
rate, and oncologic history, were abstracted. All cases had a
biopsy-confirmed pathologic diagnosis of cHL. The disease subtype
(nodular sclerosis, mixed cellularity, lymphocyte depleted, and lym-
phocyte-rich) was captured from the final pathology report. Disease

stage, as well as favorable or unfavorable disease prognosis, was
abstracted from chart review through pretreatment clinical notes.
The standard at our institution is to use the Ann Arbor staging sys-
tem and German Hodgkin Study Group (GHSG) criteria.14,15 Treat-
ment intention, including the chemotherapy regimen, number of
cycles, and the inclusion or exclusion of RT, was collected through
abstraction of pretreatment clinical notes. At our institution, a plan
for a treatment strategy with chemotherapy-alone or CMT is made
before therapy initiation and can be adjusted based on interim PET
scan. Treatment groups in the current study were stratified into a
novel therapy group, #4 cycles of chemotherapy, and 6 cycles of
chemotherapy based on treatment intention. The novel therapy
group included all patients with treatment intention for novel agents
in the frontline setting. The chemotherapy groups included only
those planned to receive traditional chemotherapy regimens. For
survival analysis based on treatment groups, 2 patients who
received novel agents and further RT were assessed as part of the
CMT group.

All treatments received by patients were captured, including the
chemotherapy regimen, number of cycles, changes in therapy, RT
inclusion, radiation field, radiation dose, number of fractions, and sal-
vage therapy regimens for relapsed/refractory disease cases. Treat-
ment complications, including bleomycin pulmonary toxicity (BPT),
dose delays, omission of chemotherapeutic agents, hospitalizations,
and any acute treatment-related toxicities, were recorded. BPT was
defined as hospitalization or omission of bleomycin from the treat-
ment regimen due to respiratory symptoms or new pulmonary
changes seen on imaging. Secondary malignancies, cardiac events,
and any other long-term toxicities were recorded when available.

PET scan data and treatment response

Pretreatment staging PET, PET2, end-of-treatment (EOT) scan (PET
or computed tomography imaging), and relapsed/refractory scans
were reviewed. PET2 and EOT scans were independently assessed
by a nuclear radiologist blinded to patient treatment modality and
outcomes. Due to studies using both Deauville score (DS) $3 and
DS $4 as positive criteria, separate analysis was conducted by
using both these cutoffs.16 Bulky disease was characterized as
$7.0 cm (maximal diameter), per previous reports highlighting the
prognostic benefit of this cutoff.12,17

Statistical analysis

Analysis was conducted by using intention-to-treat principles based
on CMT or chemotherapy-alone pretreatment intention. Continuous
and categorical variables were described by using median (range),
frequencies (n), and percentages where applicable. Subgroup analy-
ses were conducted to assess patients based on the presence of
disease bulk, favorable or unfavorable disease, and PET2 response.
The differences between CMT and chemotherapy-alone groups
were evaluated by using descriptive statistics, independent-sample
tests, and Pearson’s x2 tests where applicable. Univariate and multi-
variate Cox proportional hazards models were used to determine
hazard ratios (HRs). HRs were not calculated for subgroups given
the low number of events. Kaplan-Meier analyses compared by
using log-rank testing were used to determine overall survival (OS)
and progression-free survival (PFS) differences between treatment
groups. Events within the PFS analysis included both progression
events and death from all causes. Patients who were alive or had
not progressed at the time of last follow-up were censored from OS
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analysis and PFS analysis, respectively. Time to event was calcu-
lated by comparing date of event from date of pathologic diagnosis.
For PET-based survival analysis, PFS and OS were determined
from the date of PET scan to the date of event. The 2-year PFS and
5-year OS were determined by using Kaplan-Meier estimates, with
a corresponding 95% confidence interval (CI). A reverse Kaplan-
Meier–based method was used to estimate median follow-up
time. A P value ,.05 was considered statistically significant for all
analyses.

All statistics were performed with the support of a biostatistician
and were conducted by using IBM SPSS version 27 (IBM SPSS
Statistics, IBM Corporation, Armonk, NY) and BlueSky version 7.40
(BlueSky Statistics, Chicago, IL).

Results

Study population and outcomes

The study included a total of 125 consecutive patients with early-
stage cHL treated between January 2010 and December 2020,
with 73 (58%) male subjects and a median age of 34 years (range,
18-78 years). Thirteen (10%) patients participated in clinical trials
during their treatment course, and the remaining did not participate
in trials. Baseline clinical characteristics and treatment-related char-
acteristics are included in Table 1.

Based on intention-to-treat, there were 63 (50%) patients in the
CMT group and 62 (50%) in the chemotherapy-alone group. Signifi-
cant treatment differences were associated with the stage of dis-
ease (P 5 .01). Patients with stage IIB disease were more likely
to be intended to receive chemotherapy-alone (70% vs 40%,
P 5 .002) compared with patients of other stages (IA-IIA). In terms
of adherence to intention, 4 patients in the CMT group did not
receive RT: 1 patient refused RT, 1 patient developed progressive
disease, 1 patient became too unwell due to pulmonary toxicity and
infection, and 1 patient became ineligible due to underlying cardiopul-
monary disease. Two patients in the chemotherapy-alone group
received RT due to a change in treatment plan based on interim PET
scan results. All patients received chemotherapy, and 124 (99%)
received doxorubicin-bleomycin-vinblastine-dacarbazine (ABVD) or
doxorubicin-vinblastine-dacarbazine (AVD)-based regimens. Fourteen
(11%) patients were intended to receive novel agents in the frontline
setting. For those receiving standard chemotherapy, 59 (47%)
patients were planned to receive #4 cycles of chemotherapy and 52
(42%) to receive 6 cycles. Among patients in the CMT group, a
greater proportion of patients were intended to receive #4 cycles
(79%) compared with 6 cycles (18%) of chemotherapy. All treatment
regimens administered are listed in supplemental Table 1.

PET2 scanning was performed in 116 (93%) patients; an indepen-
dent radiologic review was conducted in 110 patients. The remain-
ing 6 scans were from outside centers and could not be accessed
for review. There were no statistical differences between treatment
intention and PET2 response using a cutoff of DS $3 as positive;
however, with DS $4 as positive criteria, patients in the
chemotherapy-alone group had a greater degree of PET2-positive
disease (20% vs 7%; P 5 .04) compared with CMT.

The median radiation dose delivered was 30 Gy (range, 20-40 Gy),
with a median of 15 fractions (range, 5-22). In those receiving bleo-
mycin (n 5 119), 25 (21%) patients had bleomycin discontinued

due to good clinical response; 22 of these had bleomycin discontin-
ued after cycle 2. During treatment, BPT was observed in 32 (27%)
patients receiving bleomycin, with BPT-associated hospitalizations in
9 patients. There was no significant difference observed in the
development of BPT in older (aged $60 years) patients (33.3% vs
26.0%; P 5 .55) compared with those who were younger (aged
,60 years). In addition, there was no statistical difference in BPT
between those who received #2 cycles of bleomycin (28.1% vs
25.8%; P 5 .78) compared with $3 cycles. BPT was not associ-
ated with OS (HR, 0.57; 95% CI, 0.10-3.43; P 5 .54), and those
who received $3 cycles of bleomycin had no significant difference
in OS (HR, 0.54; 95% CI, 0.09-3.27; P 5 .50) and PFS (HR, 1.26;
95% CI, 0.51-3.14; P 5 .62) compared with those who received
#2 cycles. Dose delays occurred in 26 (21%) patients and hospital
admissions in 27 (22%) patients. No confirmed cases of secondary
malignancies were observed in the follow-up period; however, cases
of melanoma (n 5 1), hepatocellular carcinoma (n 5 1), and low-
grade B-cell lymphoma (n 5 1) were observed posttreatment.

Favorable and unfavorable disease

Unfavorable disease was characterized in 81 (69%) patients, com-
pared with 36 (31%) who had favorable disease. Due to incomplete
notes, 8 patients did not have this prognostic factor available. Base-
line characteristics and treatment-based outcomes for both unfavor-
able and favorable disease are presented in supplemental Table 2.
There was no significant difference between plan for CMT in
patients with favorable (20 patients [56%]) and unfavorable (39
patients [48%]) disease. At PET2, patients with unfavorable dis-
ease had a higher proportion of PET2-positive disease (26% vs
7%; P 5 .04) compared with those with favorable disease when
using a more conservative cutoff of DS $3 as positive.

Disease bulk

Bulky disease was present in 43 (34%) patients. CMT was in-
tended in approximately one-half of the patients with bulky (23
patients [54%]) and non-bulky (40 patients [49%]) disease. Base-
line characteristics and outcomes for patients with both bulky and
non-bulky disease are shown in supplemental Table 3. Almost all
patients with bulky disease were classified as having unfavorable
disease (98%), apart from 1 patient who had ,10 cm disease and
no other unfavorable characteristics. There were no significant differ-
ences between PET2 responses comparing bulky vs non-bulky dis-
ease. However, more PET2-negative disease was seen among
patients with non-bulky disease intended for CMT compared with
chemotherapy-alone using both DS 1-2 (P 5 .02) and DS 1-3
(P 5 .006) as cutoffs.

PET-based results

Of 110 patients with PET2 scans independently assessed, PET2-
positive disease was seen in 24 (22%) patients using a positive cut-
off of DS $3 and 15 (14%) patients using a cutoff of DS $4.
Among PET2-positive (DS $3) patients, 9 (38%) patients received
RT, 5 (21%) received additional cycles of chemotherapy compared
with the original treatment plan, and 4 (17%) patients were deter-
mined to have refractory disease and proceeded to salvage therapy
and autologous stem cell transplant. EOT PET scans were available
in 94 patients; 14 (15%) of these patients had positive disease
based on DS $3, and 10 (11%) patients had positive disea-
se based on a DS $4 criteria, Differences between baseline

26 JULY 2022 • VOLUME 6, NUMBER 14 CMT IN EARLY-STAGE HL: A REAL-WORLD STUDY 4243

D
ow

nloaded from
 http://ashpublications.net/bloodadvances/article-pdf/6/14/4241/1909091/advancesadv2022007363.pdf by guest on 06 M

ay 2024



Table 1. Baseline characteristics and comparison of treatment intention

Characteristic Whole cohort (N 5 125)

Treatment intention

Chemotherapy-alone (n 5 62) CMT (n 5 63) P

Age, median (range), y 34 (18-78) 37 (18-70) 33 (19-70) .39

Male sex 73 (58.4%) 35 (56.5%) 38 (60.3%) .66

Histology

Nodular sclerosis 85 (68.0%) 40 (64.5%) 45 (71.4%) .38

Mixed cellularity 5 (4.0%) 2 (3.2%) 3 (4.8%)

Lymphocyte-rich 4 (3.2%) 1 (1.6%) 3 (4.8%)

Classical 31 (24.8%) 19 (30.6%) 12 (19.0%)

Stage

IA 7 (5.6%) 2 (3.2%) 5 (7.9%) .01

IB 1 (0.8%) 0 1 (1.6%)

IIA 77 (61.6%) 32 (51.6%) 45 (71.4%)

IIB 40 (32.0%) 28 (45.2%) 12 (19.0%)

Prognosis

Favorable 36 (30.8%) 16 (27.6%) 20 (33.9%) .46

Unfavorable 81 (69.2%) 42 (72.4%) 39 (66.1%)

Disease bulk

Bulky 43 (34.4%) 20 (32.3%) 23 (36.5%) .62

Non-bulky 82 (65.6%) 42 (67.7%) 40 (63.5%)

Treatment intention

CMT 63 (50.4%)

Chemotherapy-alone 62 (49.6%)

Treatment cycles

#4 cycles 59 (47.2%) 9 (14.5%) 50 (79.4%) ,.001

6 cycles 52 (41.6%) 41 (66.1%) 11 (17.5%)

Novel therapy 14 (11.2%) 12 (19.4%) 2 (3.2%)

Treatment received

CMT 61 (48.8%) 2 (3.2%) 59 (93.7%) ,.001

Chemotherapy-alone 64 (51.2%) 60 (96.8%) 4 (6.3%)

PET2 response

Negative (DS 1-2) 86 (78.2%) 38 (70.4%) 48 (85.7%) .051

Positive (DS $3) 24 (21.8%) 16 (29.6%) 8 (14.3%)

Negative (DS 1-3) 95 (86.4%) 43 (79.6%) 52 (92.9%) .04

Positive (DS $4) 15 (13.6%) 11 (20.4%) 4 (7.1%)

Treatment complications

Dose delay 26 (20.8%) 14 (22.6%) 12 (19.0%) .63

BPT 32 (25.6%) 14 (22.6%) 18 (28.6%) .44

Hospitalization 27 (21.6%) 14 (22.6%) 13 (20.6%) .79

BPT hospitalization 9 (7.2%) 3 (4.8%) 6 (9.5%) .31

Relapsed/refractory 17 (13.6%)

Salvage treatment

auto-SCT 12 (9.6%)

allo-SCT 1 (0.8%)

Death

Total 5 (4%)

HL related death 3 (3%)

allo-SCT, allogeneic stem cell transplant; auto-SCT, autologous stem cell transplant.

4244 CHOHAN et al 26 JULY 2022 • VOLUME 6, NUMBER 14

D
ow

nloaded from
 http://ashpublications.net/bloodadvances/article-pdf/6/14/4241/1909091/advancesadv2022007363.pdf by guest on 06 M

ay 2024



characteristics and treatment outcomes comparing PET2-positive
and negative patients are shown in supplemental Table 4 (DS 3 as
positive) and supplemental Table 5 (DS 3 as negative). No signifi-
cant differences were seen in age, sex, histology, and stage com-
paring patients who were PET2-positive vs PET2-negative with both
DS cutoffs.

Survival and long-term outcomes

With a median follow-up time of 59.8 months (95% CI, 48.6-71.0),
there were 5 (4%) deaths, 3 of which were HL related. Seventeen
(14%) patients had relapsed/refractory disease; of these, 12 (10%)
patients went on to receive an autologous stem cell transplant, and 1
patient received an allogeneic stem cell transplant. Univariate survival
analysis for the whole cohort based on key covariates is included in
Table 2. Notably, higher age conferred a greater risk of mortality (HR,
1.14; 95% CI, 1.05-1.24; P 5 .002), CMT resulted in reduced risk
of progression (HR, 0.26; 95% CI, 0.09-0.71; P 5 .009), and PET2-
positive disease was associated with a higher risk of progression
using both DS $3 (HR, 5.12; 95% CI, 1.97-13.31; P , .001) and
DS $4 (HR, 11.53; 95% CI, 4.40-30.21; P , .001) as positive cut-
offs. Assessing CMT compared with chemotherapy-alone adjusted
for PET2 status, CMT continued to result in a significantly decreased
risk of progression using both DS $3 (HR, 0.18; 95% CI, 0.05-
0.65; P 5 .009) and DS $4 (HR, 0.18; 95% CI, 0.05-0.67;
P 5 .01) in the multivariable model. No univariate differences in PFS
were seen with bulky (P 5 .54) or unfavorable (P 5 .20) disease.
On PFS analysis, those with PET response of DS 1-2 (n 5 86
[92%]) and DS 3 (n 5 9 [100%]) had excellent 2-year PFS out-
comes compared with those who were DS 4-5 (n 5 15 [40.0%])
(supplemental Figure 2). Assessing EOT PET, those who were
PET-positive (DS 4-5) were found to have a significantly increased
risk for progression (HR, 12.54; 95% CI, 4.46-35.27; P , .001)
compared with those who were EOT PET-negative (DS 1-3).

On Kaplan-Meier analysis, no OS differences were seen based on
treatment intention, with the 5-year OS being 95.1% (95% CI,
89.8-100) for patients receiving chemotherapy-alone, compared
with 98.0% (95% CI, 94.3-100) in patients receiving CMT (log-rank
test, P 5 .38) (Figure 1A). PFS was substantially reduced for
patients receiving chemotherapy-alone, with the 2-year PFS for
chemotherapy-alone being 75.3% (95% CI, 65.2-87.0), compared
with 95.1% (95% CI, 89.9-100) in patients receiving CMT (log-rank
test, P 5 .005) (Figure 1B). Assessing CMT compared with
chemotherapy-alone and novel therapies, significant differences

were observed in OS (log-rank test, P 5 .005) (supplemental Figure
3A) and PFS (log-rank test, P 5 .009) (supplemental Figure 3B).
The 2-year PFS was significantly lower and comparable in both the
chemotherapy-alone groups (# 4 cycles, 67%; 6 cycles, 72%), and
significantly higher in the novel therapy (92%) and CMT (95%)
groups (log-rank test, P 5 .009).

Subgroup PFS analyses with corresponding Kaplan-Meier curves are
shown in Figures 2 and 3, respectively. The 2-year PFS was substan-
tially reduced with chemotherapy-alone for patients with bulky (log-
rank test, P , .001), unfavorable (log-rank test, P 5 .002), and PET2-
positive (DS $3 log-rank test, P 5 .01; DS $4, P 5 .02) disease.
Compared with CMT, similar PFS was seen with chemotherapy-alone
for patients with non-bulky (log-rank test, P 5 .35), favorable (log-rank
test, P 5 .62) or PET2-negative (DS 1-2, log-rank test, P 5 .17; DS
1-3, P 5 .19) disease. We next assessed patients with PET2-
negative bulky disease (DS #3) and found that the 2-year PFS was
inferior among patients who received chemotherapy-alone (80%
[95% CI, 62.1-100] vs 100%; log-rank test, P 5 .049) compared
with CMT. Kaplan-Meier curves assessing OS in subgroups are
shown in supplemental Figures 4 and 5; no OS differences were
seen based on treatment intention.

Discussion

Although multiple clinical trials have assessed treatment strategies in
early-stage cHL, there is limited real-world data to evaluate the clinical
implications of treatment with CMT compared with chemotherapy-
alone. Based on our multicenter, single-institution, real-world study,
we found that in patients with favorable, non-bulky, or PET2-negative
disease, omission of RT did not lead to a significant reduction in sur-
vival. However, in patients with unfavorable, bulky, or PET2-positive
disease, CMT resulted in improved outcomes.

The interim PET scan is a crucial prognostic marker within HL, and
in our study, PET2-positive patients were at a significantly higher risk
of progression.18 Assessing an interim PET DS 3 response, investi-
gators from the CALGB (Cancer and Leukemia Group B) 50604
study found that the 3-year PFS of DS 3 (77%) approached that of
DS 4-5 (67%)19; however, in our study, we observed excellent PFS
outcomes in those with DS 3 response. These conflicting results
could be partially explained by the small number of patients with DS
3 in our study but inform us that the patients with DS 4-5 were driv-
ing the poor PFS when using a positive cutoff of DS $3. Given the
high risk associated with residual disease on the interim scan, the
major PET-adapted treatment studies, including the UK NCRI RAPID
(United Kingdom National Cancer Research Institute Randomised
Phase III Trial to Determine the Role of FDG-PET Imaging in Clinical
Stages IA/IIA Hodgkin’s Disease), EORTC (European Organization
for Research and Treatment of Cancer)/LYSA (Lymphoma Study
Association)/FIL (Fondazione Italiana Linfomi) H10, and GHSG H16
trials, assigned interim PET-positive patients to CMT-based regi-
mens.8-10 Among the group of patients with PET2-positive disease
in the current study, we observed that chemotherapy-alone regimens
led to a significantly reduced PFS, especially when using DS $4 cri-
teria for positive disease. However, among PET2-negative patients,
chemotherapy-alone was comparable to CMT. In key clinical trials,
such as the RAPID and H16 study, noninferiority of chemotherapy-
alone was not observed in PET-negative patients; however, good
outcomes were observed with RT exclusion in both studies.9,10

Within the RAPID trial, patients received 3 cycles of ABVD followed

Table 2. Univariate analysis assessing OS and PFS

Variable OS, HR (95% CI) P PFS, HR (95% CI) P

Age* 1.14 (1.05-1.24) .002 1.03 (1.00-1.05) .06

Male sex 0.45 (0.08-2.69) .39 0.56 (0.23-1.34) .19

Bulky disease 0.59 (0.06-4.40) .53 1.32 (0.54-3.24) .54

CMT 0.45 (0.07-2.82) .39 0.26 (0.09-0.71) .009

PET2-positive†

DS $3 4.06 (0.57-28.98) .16 5.12 (1.97-13.31) ,.001

DS $4 7.72 (1.07-55.56) .04 11.53 (4.40-30.21) ,.001

Unfavorable disease 0.11 (0.02-1.51) .11 0.21 (0.02-2.29) .20

*Age evaluated per increasing 1-year increments.
†Assessed from date of PET-2 scan to date of event.
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by PET scan evaluation; those who were PET-negative (DS 1-2)
were randomly assigned to receive 30 Gy of involved-field RT or no
further treatment. For patients who received chemotherapy-alone, the
3-year PFS of chemotherapy-alone (90.8%) compared with CMT
(94.6%) revealed an absolute risk difference of 23.8% (95% CI,
28.8 to 1.3).10 Similarly, the phase 3 H16 trial assigned patients to
standard CMT (2 3 ABVD and 20-Gy involved-field RT) or PET-
guided treatment, in which RT was excluded in those who were
PET2-negative (DS ,3). Among 628 patients with PET2-negative
disease, a high 5-year PFS was seen with both CMT (93.4%; 95%
CI, 90.4-96.5) and ABVD-alone (86.1%; 95% CI, 81.4-90.9).9 Over-
all, our real-world data yielded similar outcomes to those seen in
both the UK RAPID and GHSG H16 clinic trials for PET2-negative
patients. For PET2-positive patients, RT remains an integral compo-
nent of treatment; however, for those with PET2-negative disease,
chemotherapy-alone can lead to good outcomes.

Another important disease marker is the presence of favorable or
unfavorable prognostic factors. In patients pursuing a strategy with
chemotherapy-alone, the 2022 National Comprehensive Cancer
Network guidelines recommend 6 cycles of chemotherapy for unfa-
vorable disease with DS 1-3 on PET2, and between 3 and 6 cycles
depending on PET2 response for favorable disease.20 From our
work, although the sample size was small, we did not observe signif-
icantly improved outcomes with 6 cycles of chemotherapy-alone
compared with #4 cycles. However, those who received novel
agents had excellent PFS outcomes, which corresponds with the
recent literature outlining the potential benefit of these therapies in
the frontline setting.21-23 When further stratifying our cohort based
on prognostic factors, we saw reduced PFS with chemotherapy-
alone in patients with unfavorable disease but a lack of significant
PFS differences for those with favorable disease. In the H10 trial,
patients with unfavorable or favorable disease were separately ran-
domized to upfront standard CMT or experimental PET response-

adapted treatment.8 In the response-adapted treatment, patients
with PET2-negative disease received 6 (unfavorable) or 4 (favorable)
total cycles of ABVD, and PET2-positive patients received
bleomycin, etoposide, doxorubicin, cyclophosphamide, vincristine,
procarbazine, and prednisone (BEACOPPesc) and involved-node
RT. Among those who were PET2-negative, compared with AVBD
1 involved-node RT, chemotherapy-alone resulted in a lower 5-year
PFS for both favorable and unfavorable disease, with an HR of 15.8
(95% CI, 3.8-66.1) and 1.45 (95% CI, 0.8-2.5), respectively. For
unfavorable disease, we saw accordance of our results with this
previously demonstrated inferiority of chemotherapy-alone. We
observed that patients with unfavorable disease had a significantly
higher degree of PET2-positive disease compared with those with
favorable disease using DS $3 as a positive cutoff; this may explain
the benefit they derived from further RT consolidation. However, for
patients with favorable disease, we observed that most patients had
a complete response at PET2 scan; thus, many patients were likely
already cured and gained little benefit from additional RT.

Assessing disease bulk, about one-third of patients had bulky disease
and a significantly improved prognosis with CMT compared with
chemotherapy-alone. Comparing our results vs those of previous
studies, a large retrospective analysis similarly found improved out-
comes with CMT compared with chemotherapy-alone among patients
with early-stage bulky disease.11 In 149 patients with stage IIB bulky
disease, treatment with a radiation dose $30.1 Gy was associated
with improved OS (HR, 0.25; 95% CI, 0.11-0.65).11 In another retro-
spective study assessing patients with early-stage bulky disease
(.7 cm), treatment with chemotherapy-alone led to a worse progno-
sis, with a 4-year relapse-free survival of 55.2%.12 Compared with
this study, our results revealed a comparable PFS (2-year PFS, 60%)
with chemotherapy-alone. Recently, the CALGB 50801 trial assessed
PET-adapted therapy for patients with early-stage bulky disease
(.10 cm or .0.33 maximum intrathoracic diameter on chest
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Figure 1. OS and PFS based on treatment intention. Kaplan-Meier survival analysis assessed from date of diagnosis in all patients comparing chemotherapy-alone

(chemo) vs CMT. (A) OS in all patients. (B) PFS in all patients.
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radiograph).24 In this study, patients received 2 cycles of ABVD,
those who were PET2-negative (DS 1-3) received 4 additional cycles
of ABVD, and those with PET-2 positive disease received BEACOP-
Pesc plus 30 Gy involved-site RT. The investigation revealed excellent
3-year PFS outcomes for those with PET2-negative disease (93.1%)
receiving ABVD alone. Compared with the CALGB 50801 findings,
we observed that chemotherapy-alone led to inferior outcomes for
patients with bulky PET2-negative disease; however, the outcomes
associated (2-year PFS, 80%) may be acceptable to patients and
providers. It should be noted that this is a small subgroup of patients
in the current study, and conclusions need to be drawn cautiously in
the context of much larger clinical trials.

Assessing treatment-related complications, we observed a high degree
of BPT and hospital admissions. The degree of BPT (26%) observed
within our study was comparable to the previously reported rate of
37% in a retrospective study assessing 126 ABVD-treated patients
with HL.25 No survival differences among those affected by BPT were
seen in our study, but a previous retrospective study found that BPT
was associated with a lower median 5-year OS compared with those
unaffected.26 The RATHL (Response Adapted Therapy in Advanced
Hodgkin Lymphoma) trial showed that for patients with PET2-negative
disease, exclusion of bleomycin resulted in reduced pulmonary toxicity
and good outcomes.27 Although we did not have the statistical power
to compare the efficacy and toxicity associated with response-adapted
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Figure 2. Subgroup PFS analysis based on treatment intention. Kaplan-Meier subgroup PFS analysis assessed from date of diagnosis comparing

chemotherapy-alone (chemo) vs CMT. (A) Bulky disease. (B) Unfavorable disease. (C) Non-bulky disease. (D) Favorable disease.
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bleomycin exclusion, this approach should be considered given the
high prevalence of BPT and associated hospitalizations observed
within our cohort. Regarding long-term toxicity, we observed no cases
of secondary malignancies within our follow-up period. Previous reports
of historically treated cohorts have identified the significant associa-
tions between RT and cardiac toxicity and secondary malignancies,
especially breast and lung cancer.3-5 These toxicities certainly remain
an important consideration during the selection of therapy; however,
more recent data have suggested that modern RT techniques and tar-
geting are associated with a lower burden of toxicity.28-30

There are several important limitations to highlight within our work.
First, our study design was retrospective, and thus we are limited by

the traditional biases associated with this investigation methodology.
In addition, certain patients in our cohort were also followed up at
outside centers, and we were unable to determine certain clinical
characteristics and independently reassess imaging. Second, results
from our study represent a single institution-based analysis; we
therefore cannot determine the external validity of our study to other
institutions. Third, we assessed a more recent cohort (2010-2020),
which resulted in a shorter follow-up time available to evaluate long-
term toxicities associated with treatment, which are generally
reported several decades after therapy.4,5 Fourth, there was a
higher number of stage IIB patients present in the chemotherapy-
alone group, which may confound the proportion of PET2-positive
patients included in the group. Furthermore, there was a higher
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Figure 3. PET2-based PFS analysis comparing treatment intention. Kaplan-Meier PFS analysis assessed from date of PET2 scan comparing chemotherapy-alone

(chemo) vs CMT based on PET2 response. (A) PET2-negative (DS 1-2). (B) PET2-negative (DS 1-3). (C) PET2-positive (DS $3). (D) PET2-positive (DS $4).
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proportion of stage IIB patients in the unfavorable group, and the
selection of a chemotherapy-alone approach may have been due to
many sites of disease, potentially confounding conclusions regard-
ing RT. Last, compared with clinical trials that use strict treatment
arms and therapies, there was significant heterogeneity in the che-
motherapy regimens and RT techniques. Moreover, there were sev-
eral patients who received nonstandard treatment approaches,
which makes head-to-head comparisons difficult to make.

In summary, our real-world experience suggests that CMT significantly
improves outcomes for patients with PET2-positive, bulky, and unfavor-
able disease. Chemotherapy-alone regimens can lead to comparable
outcomes for patients with favorable, non-bulky, or PET2-negative dis-
ease. As clinical trial data are applied in clinical practice, careful patient
selection is required when selecting a treatment strategy. Although
the results seen in clinical trials are replicated in certain patient sub-
groups in this real-world experience, other subgroups not fitting trial
criteria do less well with the exclusion of RT. Further real-world studies
are certainly needed to assess the implications of recent clinical trials
on the optimal treatment approach for early-stage cHL.
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