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Abstract

Hodgkin Lymphoma is a highly curable malignancy, and relapsed/refractory Hodgkin lymphoma (RRHL) is
treated with salvage chemotherapy, followed by autologous stem cell transplant (ASCT). This single-center, ret-
rospective study included patients with RRHL who underwent ASCT. The study included 62 patients with a me-
dian age at diagnosis of 22.5 years and a median age at transplant of 24.5 years. Advanced disease at presenta-
tion was observed in 64% of the patients. At relapse, 33.3%, 36.6%, and 30% had stage 2, 3, and 4 disease, re-
spectively. Multiple salvage regimens were administered as per the practices at our institution. Among the pa-
tients, 63% had complete remission prior to transplant, and 74% underwent ASCT after first-line salvage. Differ-
ent conditioning regimens were chosen according to institutional practice. Febrile neutropenia was observed in
93.5% of the patients. The treatment-related mortality rate was 4.8% (n=3). The median follow-up duration
was 30 months. Median relapse-free survival (RFS) and overall survival (OS) were not reached, and the 3-year
RFS and OS rates were 67.1% and 78%, respectively. Factors that adversely influenced OS and RFS were the type
of last salvage used and the number of salvage lines prior to transplantation. An advanced stage at the diagno-
sis was associated with inferior OS but not with RFS. Patients with the refractory disease had inferior RFS and
OS rates, of 25.2% and 56.6%, compared with patients with chemoresponsive disease, who had RFS and OS
rates of 77% and 84.7%, respectively. ASCT in RRHL showed promising survival, with over two-thirds of the pa-
tients surviving without relapse after 3 years.
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OS rate of 83.6%". The long-term outcomes of 172 pa-

Introduction . . S
tients with pediatric HL treated at our center demon-

Hodgkin lymphoma (HL) is a highly curable malig-
nancy with 5-year survival rates of 96.2% and 90% in
the 0-19-year and 20-64-year age groups, respectively,
in Western countries'. In the Indian setting, earlier stud-
ies had shown 5-year progression-free survival (PES)/
freedom from treatment failure rates in the range of
66.3-78.3% and 5-year overall survival (OS) rate in the
range of 79.7-86.6%" . Data from a multicenter registry
in India, of 939 patients between 2011 and 2017, re-
ported a 5-year event-free survival (EFS) rate of 83.5%
for early HL and 73.5% for advanced HL and a 5-year

strated a 5-year PFS rate of 83.1% and 5-year OS rate
of 92.9%".

Approximately 15-25% of the patients remain refrac-
tory or undergo early relapse after first-line therapy®.
The standard of care for relapsed/refractory Hodgkin
Ilymphoma (RRHL) is salvage chemotherapy, followed
by autologous stem cell transplant (ASCT). Two ran-
domized trials have shown the benefit of ASCT in HL
with a 3-year EFS rate of approximately 50%’. Com-
mon salvage regimens include DHAP (dexamethasone,
high-dose cytarabine, cisplatin); ICE (ifosfamide, car-
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boplatin, etoposide); GVDexa (gemcitabine, vinorel-
bine, dexamethasone); VIBE (vinorelbine, ifosamide,
bendamustine, etoposide) and GVDoxil (gemcitabine,
vinorelbine, liposomal doxorubicin)*". Previous studies
have shown that the risk factors affecting outcomes in
RRHL are refractoriness to the last chemotherapy regi-
men, short time to relapse, and advanced stage at re-
lapse. Tailoring salvage therapy depends on upfront
therapy, non-hematological toxicity risk, and the possi-
bility of harvesting stem cells. No prospective studies
have compared the effectiveness of salvage regimens in
RRHL'". The long-term outcome of RRHL post-ASCT
is 54% at 15 years"”. Complete response (CR) after sal-
vage therapy before ASCT is associated with superior
PFS". In a study, the use of novel agents, such as bren-
tuximab, resulted in long-term durable remission in
only 9% of the patients”. Even in the era of novel
agents, avoiding ASCT has not yet become the standard
of care. Novel agents are currently being used in vari-
ous settings, such as post-ASCT relapse, for ASCT-
ineligible patients, and as first-line salvage regimens
along with chemotherapy in RRHL. There are only a
few published studies on ASCT outcomes in patients
with RRHL from developing countries, such as In-
dia"™ . In developing countries, access to novel agents
is low and there is a high incidence of Multi-Drug re-
sistant infections that could compromise the outcomes
of patients with RRHL. Hence, we emphasize that more
data from developing countries, such as India, are
needed to ascertain the outcomes in a real-world set-
ting. Hence, we present the outcomes of patients with
RRHL who underwent ASCT at our center.

Materials and Methods

This was a retrospective single-institution study con-
ducted at a tertiary care hospital in South India on pa-
tients with RRHL of all age groups who underwent
ASCT between January 1997 and December 2021. An
approval for conducting this study was obtained from
the Institutional Ethics Committee, Cancer Institute
(WIA) Chennai, India. The Institutional Ethics Commit-
tee waived the requirement for Informed Consent for
this study. Patients who did not undergo adequate mo-
bilization or allogeneic stem cell transplantation were
excluded. A list of the patients was obtained from the
stem cell transplant register maintained at our institu-
tion. Baseline characteristics, such as age at diagnosis
and transplant, stage of disease upfront and at relapse,
salvage regimen used, disease response prior to trans-
plantation, number of lines of salvage before transplan-
tation, conditioning regimen used, details on stem cell
dose, plerixafor use, neutrophil and platelet recovery
times, treatment-related morbidity, and follow-up, were
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collected from patient records. Survival data were cen-
sored in June 2022. Survival analysis was performed
using the Kaplan-Meier (KM) method, and comparisons
between variables were performed using the log-rank
test. An association was considered statistically signifi-
cant if the p-value was less than 0.05. Statistical analy-
ses were performed using IBM SPSS Version 21 soft-
ware.

Relapse-free survival (RFS) was defined as the dura-
tion from the day of stem cell infusion to the date of
relapse or death from any cause. OS was defined as the
duration from the day of stem cell infusion to the date
of death from any cause. The median follow-up dura-
tion was calculated using the reverse KM Method. Pri-
mary progressive Hodgkin’s lymphoma (PPHL) was de-
fined as disease refractory to first-line treatment or dis-
ease progression within 3 months of completion of
first-line treatment. Refractory disease (RD) was de-
fined as a primary progressive disease refractory to
first- or second-line salvage. ASCT was performed only
after achieving a CR or partial response (PR) after sub-
sequent salvage therapy in patients with RD. Early re-
lapse (ER) was defined as relapse/progression within 12
months of the completion of first-line treatment and late
relapse (LR) was defined as relapse after 12 months of
completion of first-line treatment. Treatment-related
mortality (TRM) was defined as death due to a non-
relapse cause, within 6 months of ASCT.

Results

Baseline characteristics

Out of 62 patients included in this study, 39 (63%)
were male. The median age at diagnosis was 22 (range:
4-47) years. Thirty-eight percent of the patients had B
symptoms at the time of diagnosis. The median age at
transplant was 24.5 (range: 4-50) years. The upfront
regimen used was ABVD/AVD (Adriamycin, Bleomy-
cin, Vinblastine, Dacarbazine) in 51/62 (82%) patients
(Table 1). Seventeen patients (28%) had refractory dis-
ease. The stage at relapse was II, III, and IV in 32%,
35%, and 29% of the patients, respectively (Table 2).

Salvage regimen and pretransplant characteristics

Sixty-three percent of the patients had CR and 37%
had PR prior to transplantation. Seventy-four percent of
the patients underwent ASCT after second-line (first
salvage) therapy and 26% underwent ASCT after third-
line (second salvage) therapy (Table 2). The median
waiting time for transplantation was approximately 2
months (62 days; range: 27-406 days).

Transplant characteristics
The conditioning regimens are shown in Table 3.



Table 1. Baseline characteristics

Characteristics: (n=62)
Median Age at diagnosis
Median Age at transplant

Values (%)
22 years (Range: 4-47)
24.5 years (Range: 4-50)

Sex
Male 39 (63)
Female 23 (37)
Upfront Stage
Early 20 (32)
Advanced 37 (60)
Missing 5(8)
Upfront Histology
Mixed Cellularity 23 (37)
Nodular Sclerosis 21 (34)

Lymphocyte predominance 1 (1.5)
Missing 7(11)

Plerixafor was used for stem cell mobilization in 26%
of the patients. Three patients underwent chemo-
mobilization using high-dose etoposide along with fil-
grastim and plerixafor. Sixty-one patients underwent pe-
ripheral blood stem cell collection and one patient un-
derwent bone marrow stem cell collection. All the col-
lected stem cells were cryopreserved using dimethyl
sulfoxide in a -80° deep freezer and used after high-
dose chemotherapy. The median stem cell dose used
was 5.3 X 10° (range: 1.5X 10° -14.8 X 10°) cells/kg
and 62% of the patients received a dose of more than 4
X 10° cells/kg. The median neutrophil recovery time
was 11 (range: 8-18) days, and the median platelet re-
covery time was 14 (8-38) days. Febrile neutropenia
was observed in 93.5% of the patients. The TRM rate
was 4.8% (three patients). The causes of TRM were
febrile neutropenia, sepsis, and refractory septic shock
in two patients and delayed-onset acute pneumonitis in
one patient.

Survival

The median post-transplantation follow-up duration
was 30 (range: 3-185) months. Forty-five patients were
alive without disease at the time of analysis. The me-
dian RFS and OS were not reached at the time of
analysis. Three-year RFS (RFS3) rate was 67.1% and
3-year OS (OS3) rate was 78% (Table 4 and Figure 1).

Univariate analysis using the log-rank test on RFS
(Table 4) showed that patients with PPHL had an RFS3
rate of 46%, compared with 77.5% in other patients
who had responded to primary therapy (p=0.004) (Fig-
ure 2). Patients with RD had an RFS3 rate of 25.2%,
compared with 77% in other patients (p<0.001). The
RFS3 rate in patients with ER and LR were 59% and
73.5%, respectively (p=0.06). Patients with CR prior to
transplantation had an RFS3 rate of 73.4% and those
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Table 2. Salvage and pretransplant characteristics

Primary progressive; Refractory after 1st/2nd salvage

Yes 17 (28%)

No 45 (72%)
Stage at Relapse

Stage Il 20 (32%)

Stage lll 22 (35%)

Stage IV 18 (29%)

Missing 2 (3%)
Bone marrow involvement at relapse 8 (13%)
Last Salvage regimen prior to transplant

DHAP 13 (20%)

GVDexa 38 (61%)

ICE 11 (18%)
Response before transplant (CT/PETCT based)

Complete response 39 (63%)

Partial response 23 (37%)
Line of transplant

Post 2™ line (18! salvage) 46 (74%)

Post 34 line (2™ salvage) 16 (26%)

GVDexa, Gemcitabine, Vinorelbine, Dexamethasone; ICE, Ifosamide,
Carboplatin, Etoposide; DHAP, Dexamthasone, High dose cytarabine,
Cisplatin

with PR prior to transplantation had an RFS3 rate of
54.8% (p=0.03). The RFS3 rates based on the last sal-
vage regimen before transplantation with GVDexa,
DHAP, and ICE were 49.1%, 100%, and 54.5%, re-
spectively (p=0.02). The RFS3 rates of the patients who
underwent transplantation after second-line (first sal-
vage) and third-line (second salvage) therapy were
74.9% and 46.9%, respectively (p<0.001).

In terms of OS, patients with early stage and ad-
vanced stage disease at the time of diagnosis had OS3
rates of 100% and 76.4%, respectively (p<0.01). Pa-
tients with PPHL had an OS3 rate of 48.6%, whereas
those without PPHL had an OS3 rate of 83.6% (p=
0.014) (Figure 3). Patients with RD had an OS3 rate of
56.6%, whereas those who were not chemo-refractory
had an OS3 rate of 84.7% (p=0.05). Patients in CR be-
fore transplantation had an OS3 rate of 83% and those
in PR before transplantation had an OS3 rate of 72% (p
=0.39). The OS3 rates of the patients who underwent
transplantation after second-line (first salvage) and
third-line (second salvage) therapy were 84.8% and
62.4%, respectively (p=0.04).

Post-relapse treatment

At the time of the analysis, there were 17 RFS
events; three were due to TRM. Fourteen patients expe-
rienced disease relapse post-ASCT. Seven of the four-
teen patients received only palliative oral chemotherapy.
All seven either died or were lost to follow-up.
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Table 3. Transplant characteristics

Characteristics: (n=62) Values (%)
Median waiting time for Auto HSCT 62 days (Range: 27-406 days)
Conditioning Regimen

BEAM 16 (26%)
BEAC 12 (19%)
LACE 21 (34%)
CBV 12 (19%)
Melphalan 1 (2%)
Plerixafor use
Yes 16 (26%)
No 46 (74%)
Median stem cell dose (n=55) 5.3X10 * 6 cells/kg (1.5-14.8)

BEAM, Carmustine, Etoposide, Cytarabine, Melphalan; BEAC, Carmustine,
Etoposide, Cytarabine, Cyclophosphamide; LACE, Lomustine, Cytarabine, Cy-
clophosphamide, Etoposide; CBV, Cyclophosphamide, Carmustine, Etoposide

Table 4. Survival characteristics

Characteristics (n=62) 3-year RFS p value 3-year OS p value

Upfront Stage
Early (n=20) 73% 0.15 100% <0.01
Advanced (n=37) 70% 76.4%
Missing (n=5) 40% 60%

Stage at relapse
Stage Il (n=20) 78% 0.2 70% 0.12
Stage Il (n=22) 57% 70%
Stage IV (n=18) 58.8% 75.8%
Missing (n=2) 50% 50%

Refractory disease
Yes (n=17) 25.2% <0.0001 56.6% 0.05
No (n=45) 77% 84.7%

Only Primary Progressive Vs Others
Yes (n=12) 46% 0.004 48.6% 0.014
Others (n=50) 77.5% 83.6%

Early relapse Vs Late relapse
Early relapse (n=33) 59% 0.06 75% 0.416
Late relapse (n=29) 73.5% 71%

Response before transplant
Complete response (n=39) 73.4% 0.03 83% 0.398
Partial response (n=23) 54.8% 72%

Last salvage regimen prior to transplant
GVDexa (n=38) 49.1% 0.02 70.8% 0.02
DHAP (n=13) 100% 100%
ICE (n=11) 54.5% 68.6%

Line of transplant
Post 2M line (1t salvage) (n=46)  74.9% <0.001 84.8% 0.04
Post 3 line (2™ salvage) (n=16)  46.9% 62.4%

Stem cell dose
>4 X 106 per kg (n=39) 58.5% 0.79 85.6% 0.8
<4 X106 per kg (n=16) 74% 74%

GVDexa, Gemcitabine, Vinorelbine, Dexamethasone; ICE, Ifosamide, Carboplatin, Etoposide;
DHAP, Dexamthasone, High dose cytarabine, Cisplatin
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The remaining seven patients received subsequent
salvage chemotherapy (brentuximab with bendamustine,
GVDexa, and multiple lines of chemotherapy in four,
two, and one patient respectively). Of the seven patients
who underwent salvage therapies, three underwent allo-
geneic stem cell transplantation (allo-SCT), one was
awaiting allo-SCT, one was lost to follow-up, one had

progressive disease, and one was unwilling to undergo
allo-SCT (was subsequently treated with multiple lines
of chemotherapy).

Of the three patients who underwent allo-SCT, two
were progression-free and alive. One patient had pro-
gressive disease after allo-SCT and received nivolumab
as subsequent treatment. The patient achieved CR after
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3 months of nivolumab treatment and hence was
planned for completion of 2 years of nivolumab treat-
ment.

Discussion

Our study had a median follow-up of approximately
30 months showing RFS3 and OS3 rates of 67% and
78%, respectively. We found that patients with PPHL
who underwent transplantation after the third-line ther-
apy had poor outcomes in terms of RFS and OS.

The patients in our study had a median age at diag-
nosis of 26 years; they were a decade younger than
those from OncoCollect, a multicenter registry in India,
where the median age at presentation was 38 years®. In
our study, 60% of the patients had advanced stage dis-
ease at presentation. Those with advanced stage disease
and those with early stage disease at presentation exhib-
ited a significant difference in the OS3 rate (76.4% vs.
100%; p<0.01); however, there was no significant dif-
ference in the RFS3 between these groups of patients.
Improved outcomes in early stage HL are possibly due
to a lower tumor burden and better response to ther-
apy". There were no significant differences between the
OS3 and RFS3 regardless of the stage of relapse. Our

findings did not align with those of previous studies
that showed the stage at relapse as an adverse prognos-
tic factor'.

Patients with RD (n=17) had inferior outcomes, com-
pared with other patients, with an RFS3 rate of 25.2%
vs. 77% (p<0.001) and OS3 rate of 56.6% vs. 84.7% (p
=0.05) which is similar to reports from other studies. A
retrospective study of 100 patients who underwent
ASCT showed a 10-year OS rate of 39% in primary re-
fractory disease'. Retrospective evidence from Germany
from a cohort of 656 patients has shown that patients
with stage IV disease, poor performance status, a bulky
disease, time to relapse < 3 months, and poor respond-
ers have a higher risk of relapse®.

Compared with other patients, patients with PPHL
had poorer outcomes in terms of RFS3 and OS3. Re-
fractory disease and PPHL were both adverse factors
associated with RFS3 and OS3. A retrospective study of
357 patients previously reported that a short CR dura-
tion was an adverse prognostic factor for time to treat-
ment failure”. In our study, there were no significant
differences in the OS or RFS between patients with
early and late relapse.

Numerous studies have shown that a CR before
ASCT is a strong prognostic factor for both PFS and
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Table 5. Comparision of key survival outcomes among various published literature

Study ) . .
- Our Study Gupta et al®®  Krishnamoorthi et al** Anita D’Souza et al®®
Key Variables
Total number of patients in the study 62 70 26 1,285
No of PPHL in the study (%) 13 (21) 23 (18.5) 12 (46) NA
Study period 1997-2021 2007-2013 2013-2019 2008-2018
The median follow-up period of the study 30 months 34 months 44.8 months 120 months
3-year RFS 67.1% 62% 57.4% NA
3-year 0S 78% 78% 74.6% 74%/86%*
TRM 4.8% 7% 3.8% 2%

*86% in Chemo sensitive disease and 74% in Chemo refractory disease
PPHL, Primary progressive Hodgkin’s Lymphoma; RFS, Relapse-free survival; OS, Overall Survival; TRM, Treatment-related mortal-

ity; NA, Data not available

0OS”***. In our study, 37% of the patients had PR prior
to ASCT either as per CT or PET/CT imaging findings,
and 63% had CR prior to ASCT. When comparing
those had CR with those who had PR prior to ASCT,
the RFS3 rate was significantly better (73.4% vs.
54.8%, p=0.03) and the OS was numerically better for
the patients with CR compared to those with PR, but
not significant (83% vs. 72%, p=0.398). We believe that
PET/CT imaging is crucial for response assessments
prior to transplantation.

The salvage regimen used prior to transplantation
was based on the preference of the consultants at our
transplant center, and no one regimen was considered
superior to the other. Platinum-containing salvage che-
motherapy regimens for RRHL have shown a response
rate of 70-90% with 10-30% of the patients remaining
refractory to therapy”. In our center, we commonly
used GVDexa (61%) as the last salvage regimen prior
to transplantation. A previously published phase II
study showed that GVDexa is a cost-effective and less
toxic salvage regimen with a response rate of 63%, and
the majority of the treated patients (86%) had success-
ful stem cell collection®. Other regimens included
DHAP (20%) and ICE (18%), with comparable re-
sponse rates. In our study, the DHAP regimen, when
used as the last salvage therapy had 100% RFS3 and
OS3 rates which were better and statistically significant
compared to the use of the other two regimens. This
finding needs to be confirmed using multivariate analy-
sis. However, a multivariate analysis of a small number
of patients would be futile.

In our study, 74% of the patients underwent ASCT
after first-line salvage therapy. Compared with those
who underwent ASCT after second salvage therapy,
these patients had an RFS3 rate of 74.9% (vs. 46.9%, p
<0.001) and OS3 rate of 84.8% (vs. 62.4%, p=0.04),
respectively. In contrast to our findings, a retrospective
study of 55 patients from Saudi Arabia showed no dif-
ference in outcomes in terms of RFS and OS with re-
spect to the line of salvage regimen. However, 55% of

these patients received brentuximab as part of the sal-
vage regimen and also as post-ASCT consolidation,
which is the reason for comparable outcomes™. The use
of two or more lines of salvage therapy before ASCT
has also been identified as an adverse prognostic factor
for OS”. A retrospective study of 19 patients who re-
ceived second-line salvage chemotherapy to achieve dis-
ease response prior to ASCT had very poor outcomes,
with 5-year PFS and OS rates of 11% and 20%, respec-
tively”. Overall, our outcomes were similar to those of
other centers across India and the Center for Interna-
tional Blood & Marrow Transplant Research (CIBMTR)
data (Table 5).

Our study had a TRM rate of 4.8%, which is compa-
rable to the outcomes in the Western population, rang-
ing from 1.4-3.7%, and those from studies in Europe
reporting a TRM rate of 5-13%” . Centers across India
have reported TRM rates ranging from 0-11.2%".

Only 50% (7/14) of the patients who relapsed after
ASCT could receive an effective salvage treatment. Of
these seven patients, only four survived until receiving
allogeneic stem cell transplantation. The remaining pa-
tients who relapsed (7/14) were either unfit or unwilling
to undergo further intensive therapy. This depicts the
real-world situation in developing countries, where ac-
cess to novel agents is problematic. The outcomes of
post-ASCT relapse patients could be improved only
with the use of novel agents, such as brentuximab or
immune checkpoint inhibitors, either as consolidation or
as a subsequent line of therapy” *.

In this study, the data of patients with RRHL who
did not undergo ASCT due to financial constraints,
poor stem cell mobilization, or unwillingness to un-
dergo transplantation were not analyzed. The strength
of our study is that it is an outcome report of an au-
tologous transplant for RRHL at a tertiary cancer care
center in a developing country. The outcomes of pa-
tients with PPHL and RD at our center were poor be-
cause of the lack of access to newer agents. Our study
has some limitations, including its retrospective design,
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small sample size, and short follow-up period.

ASCT in RRHL showed good survival outcomes,
with more than two-thirds of patients surviving without
relapse after 3 years, even in developing countries.
However, patients with PPHL and RD have inferior
outcomes, compared with chemo-responsive patients.
These patients require a better approach for salvage or
consolidation therapy using novel agents to achieve
good outcomes.
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