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Abstract
Background: Relapsed Hodgkin lymphoma (HL) after autologous stem cell transplantation (auto-HSCT) remains
a major therapeutic challenge with few curative options. Allogeneic hematopoietic stem cell transplantation
(allo-HSCT) may provide durable disease control, yet outcome data from tertiary-care centres in India are lim-
ited.
Objective: To evaluate real-world outcomes of allo-HSCT in patients with chemotherapy-sensitive relapsed HL at
a tertiary care centre in North India.
Methods: This retrospective study included patients with chemotherapy-sensitive relapsed HL who underwent
allo-HSCT at the Postgraduate Institute of Medical Education and Research (PGIMER), Chandigarh, between
January 2017 and December 2023. Clinical data including baseline characteristics, transplant parameters, compli-
cations, and survival outcomes were reviewed. Descriptive statistics were used, and overall survival (OS) was esti-
mated using the Kaplan-Meier method.
Results: Five patients (median age 18 years; range 14-30) with chemotherapy-sensitive relapse following auto-
HSCT underwent allogeneic transplantation in complete remission (CR) after salvage therapy. Donors included
haploidentical (n=3), matched unrelated (n=1), and matched sibling (n=1). Four patients received reduced-
intensity conditioning; one received myeloablative conditioning. Graft-versus-host disease (GVHD) prophylaxis
included post-transplant cyclophosphamide (PT-Cy) in four patients. Neutrophil and platelet engraftment oc-
curred at median 15 and 16 days, respectively. All patients developed bacterial infections; one succumbed to
Gram-negative sepsis. Acute grade III GVHD occurred in one patient, and two developed limited chronic GVHD.
At a median follow-up of 44 months, four patients remained in continuous remission, with a 3-year OS of 80%.
Conclusion: In Indian patients with chemotherapy-sensitive relapsed HL, allo-HSCT using reduced-intensity and
reduced toxicity conditioning regimens and post-transplant cyclophosphamide-based regimens has proven feasi-
ble and effective, yielding encouraging survival outcomes within routine clinical practice.
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Introduction
Hodgkin lymphoma (HL) is a highly curable malig-

nancy, with frontline chemotherapy and radiotherapy

achieving durable remission in most patients. However,

around 10-30% may develop relapsed or refractory dis-

ease, often requiring high-dose chemotherapy followed

by autologous hematopoietic stem cell transplantation

(auto-HSCT) for salvage1. In cases where patients re-

lapse after auto-HSCT, allogeneic hematopoietic stem

cell transplantation (allo-HSCT) offers a potentially

curative option, leveraging the graft-versus-lymphoma

effect2,3. Nevertheless, allo-HSCT carries significant

risks, including graft-versus-host disease (GVHD), in-

fections, and transplant-related mortality4,5.

Although global data on allo-HSCT outcomes in HL
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are available, real-world evidence from India remains

limited. Factors such as demographic variability, donor

availability, infectious disease burden, and disparities in

access to comprehensive supportive care may distinctly

impact transplant outcomes in the Indian context. In

this retrospective study, we analyse the clinical charac-

teristics, transplant-related outcomes, and survival of

patients with HL who underwent allo-HSCT at a terti-

ary care center in India. Our goal is to provide real-

world insights into the efficacy and safety of allo-HSCT

in this population.

Methods
A retrospective analysis of institutional practice data

was undertaken at the Postgraduate Institute of Medical

Education and Research (PGIMER), Chandigarh, India,

encompassing medical records of patients with

chemotherapy-sensitive relapse following autologous

HSCT who underwent allogeneic HSCT during January

2017-December 2023. Eligible patients included those

who had previously received frontline chemotherapy

with or without radiotherapy, followed by autologous

HSCT, and subsequently experienced disease relapse or

refractory status, necessitating allo-HSCT with curative

intent. Based on donor type, comorbidity profile, and

pre-HSCT performance status, patients received either

reduced-intensity conditioning (fludarabine (Flu)-

cyclophosphamide (Cy)-total body irradiation (TBI):

Flu 30 mg/m2 day(d) −6 to −2, Cy 14.5 mg/kg d −6,

−5, TBI d −1 (2 Gy ×2), reduced-toxicity myeloabla-

tive conditioning (Flu-treosulfan (Treo): Flu 30 mg/m2 d

−6 to −2, Treo 12 g/m2 d −6 to −4) or myeloablative

conditioning (Flu- busulfan (Bu): Flu 30 mg/m2 d −5 to

−2, Bu 3.2 mg/kg d −5 to −2), aiming to optimize the

balance between toxicity and disease control. The study

aimed to evaluate clinical characteristics, transplant-

related variables, and outcomes in this high-risk popula-

tion.

Data collected included baseline patient demograph-

ics, disease-related features such as disease stage at di-

agnosis, International Prognostic Score (IPS), and prior

lines of therapy. Transplant-related details comprised

donor type (matched sibling, unrelated, or haploidenti-

cal), conditioning regimen intensity, and GVHD pro-

phylaxis used. Post-transplant outcomes assessed in-

cluded neutrophil and platelet engraftment times, inci-

dence and severity of acute and chronic GVHD (graded

per NIH criteria), cytomegalovirus (CMV) reactivation,

transfusion requirements, infection episodes, disease re-

lapse, and overall survival (OS) (Table 1). Neutrophil

engraftment was defined as an absolute neutrophil

count (ANC) ≥ 0.5 × 109/L sustained for three con-

secutive days, while platelet engraftment was defined as

≥ 20 × 109/L without transfusions for at least seven

days. A written informed consent was obtained from all

the patients in accordance with Declaration of Helsinki.

This study was approved by intramural ethics commit-

tee (INT-CHMO-774-2025).

Statistical analysis
Descriptive statistics were used to summarize patient

characteristics, transplant-related variables, and post-

transplant outcomes. Categorical variables were ex-

pressed as frequencies and percentages, while continu-

ous variables were presented as mean ± standard de-

viation (SD) or median with interquartile range (IQR),

depending on the data distribution. OS was estimated

using the Kaplan-Meier method. Median time to neutro-

phil and platelet engraftment was calculated.

Transplant-related complications, including infections,

GVHD, and CMV reactivation, were recorded and ana-

lysed descriptively. Due to the limited sample size (n=

5), no formal statistical tests or multivariate analyses

were performed. Statistical analysis was performed us-

ing the Statistical Package for the Social Sciences

(SPSSⓇ), version 20.0 (SPSS Inc., IBM Corp).

Results
Five patients with chemotherapy-sensitive relapse fol-

lowing ASCT underwent allo-HSCT between 2017-

2023. The median age at allo-HSCT was 18 years

(range 14-30), with a male-to-female ratio of 3:2. All

patients had advanced-stage disease (Stage IV), and

most had high-risk disease based on the International

Prognostic Score, ranging from 3 to 6. All patients had

previously undergone auto-HSCT, with allo-HSCT per-

formed upon relapse or graft failure. At the time of

allo-HSCT, all patients were in complete remission

(CR) after salvage therapy given after relapse post auto-

HSCT. The median interval between the two transplants

was 13 months (range: 1-54 months).

The donor types included haploidentical donors (n=

3), a matched sibling donor (MSD; n=1), and a

matched unrelated donor (MUD; n=1). Among patients

who had received PD-1 inhibitors before allo-HSCT,

the median washout interval between last dose and con-

ditioning was 53 days. Case 1 had Nivo-VIBE

(nivolumab 40mg d 1, vinorelbine 25 mg/m2 d 1, ifos-

famide 5 g/m2 d 1, 2, Bendamustine 90 mg/m2 d 1, 2,

and etoposide 100 mg/m2 d 1 to 3) with a washout of

60 days, Case 2 received nivolumab 40mg d 1 and

brentuximab vedotin (BV) 1.8 mg/kg d 1 with 45 days,

Case 3 received nivolumab-BV with 35 days, and Case

4 received Nivo-VIBE with 90 days. Conditioning regi-

mens administered were Flu-Cy-TBI; n=2, Flu-Treo; n=
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Table　1.　Clinical and transplant characteristics of patients undergoing allo-HSCT for relapsed HL

Parameter Case 1 Case 2 Case 3 Case 4 Case 5
Age (years) 18 30 14 18 28
Sex Male Female Female Male Male
Stage 4BE 4B 4BX 4BE 4A
Pre-Auto HSCT Therapy ABVD×6 (PD) → 

Nivo-VIBE×4 (CR)
ABVD×2 (PD) → 
eBEACOPP×4 
(CR) → GDP ×3 
(CR)

ABVD×4 (PR) → 
GDP×2 (CR)

ABVD×6 (CR) → 
GDP×4 (PD) → 
VIBE×2 (CR)

ABVD×4 (PD) → 
GDP×2 (CR) → 
VIBE×4 (PD) → 
BV-Benda (CR)

Diagnosis to Auto-HSCT
(months)

15 13 7 45 34

Response Post Auto-HSCT PD PD PD CR Primary graft failure
Post Auto-HSCT Therapy Nivo-VIBE×3 (CR) VIBE ×3 + ISRT 

(PD) → Nivolum-
ab-BV×4 (CR)

Nivolumab-BV×2 
→ BV-Bendamus-
tine ×2 (CR)

Nivo-VIBE×2 (CR) ‒

International Prognostic Score 4 3 4 4 6
Diagnosis → Allo-HSCT 
(months)

30 26 17 99 35

Auto-HSCT → Allo-HSCT 
(months)

15 13 10 54 1

Conditioning Regimen Flu-Cy-TBI Flu-Cy-TBI Flu-Treo (12) Flu-Treo (12) Flu-Bu
Type of Conditioning regimen RIC RIC RTC RTC MAC
Donor Type Haploidentical Haploidentical Matched Unrelated 

Donor
Matched Sibling 
Donor

Haploidentical

Sex Mismatch No No Yes No Yes
CD34+ Cell Dose (×106/kg) 6.8 6.9 6.6 9.9 14.5
CMV Serostatus (Recipient/
Donor)

R+D+ R+D‒ R+D+ R+D‒ R‒D+

ABO Compatibility Match Match Major mismatch Match Minor mismatch
GVHD Prophylaxis PT-Cy, CSA, MMF PT-Cy, CSA, MMF PT-Cy, CSA, MMF CSA, MTX PT-Cy, CSA, MMF
Mucositis (Grade) 1 2 2 2 2
Infection Yes Yes Yes Yes Yes
Culture positive Staphylococcus 

aureus
No No Enterobacter 

cloacae
Enterococcus 
faecium

Antibiotic Duration (days) 8 20 4 7 10
Antifungal Use No No No No Yes
PRBC Transfusions (units) 1 2 1 1 4
SDAP Transfusions (units) 4 0 0 2 5
CMV Reactivation No Yes No No No
Neutrophil Engraftment (days) 18 12 14 15 ‒
Platelet Engraftment (days) 21 14 11 16 ‒
Acute GVHD ‒ Gut (Gr3), Skin 

(Gr3)
‒ ‒ ‒

Chronic GVHD Skin (Mild) Eye (Mild) ‒ ‒ ‒
Relapse No No No No ‒
Follow up (months) 22 months 43 months 44 months 44 months Death on Day +41 

post ASCT.
Allo-HSCT, allogeneic hematopoietic stem cell transplantation; R/R HL, relapse and refractory Hodgkin lymphoma; Auto, autologous; ABVD, adriamycin 
(doxorubicin), bleomycin, vinblastine, dacarbazine; eBEACOPP, escalated bleomycin, etoposide, adriamycin (doxorubicin), cyclophosphamide, oncovin 
(vincristine), procarbazine, prednisolone; CR, complete response; cisplatin; PD, progressive disease; PR, partial response; GDP, gemcitabine, dexametha-
sone, ISRT, involved site radiation therapy; VIBE, vinorelbine, ifosfamide, bendamustine, and etoposide; BV, brentuximab vedotin; Flu, fludarabine; Cy, 
cyclophosphamide; TBI, total body irradiation; Treo, treosulfan; Bu, busulfan; PT-Cy, post transplant cyclophosphamid; CSA, cyclosporine; MTX, metho-
trexate; MMF, mycophenolate mofetil; PRBC, packed red blood cells; SDAP, single donor apheresis platelets; CMV, cytomegalovirus; GVHD, graft versus 
host disease; RIC, reduced intensity conditioning; RTC, reduced toxicity conditioning; MAC, myeloablative conditioning; R, recipient; D, donor; Gr, grade; 
ASCT, autologous stem cell transplant

2, and Flu-Bu; n=1. GVHD prophylaxis included post-

transplant cyclophosphamide (PT-Cy), cyclosporine

(CSA), and mycophenolate mofetil (MMF) in four pa-

tients, while one patient with an MSD received CSA

and methotrexate. Neutrophil engraftment occurred at a

median of 15 days (range: 12-18), and platelet engraft-
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ment at a median of 16 days (range: 11-21). Transfu-

sion requirements varied across patients, with packed

red blood cells transfusions ranging from 1 to 4 units,

and platelet support from 0 to 5 single donor apheresis

units.

All five patients developed bacterial infections during

the peri-engraftment phase, with culture positivity in

three (Staphylococcus aureus, Enterobacter cloacae, and

Enterococcus faecium). One patient (Case 5) experi-

enced primary graft failure following auto-HSCT de-

spite an adequate infused CD34+ cell dose (8.2 × 106/

kg), > 90% cell viability, and no cryopreservation is-

sues, with heavy pre-treatment considered the likely

cause. He subsequently underwent allo-HSCT on d 31

post-auto-HSCT but succumbed to multidrug-resistant

Gram-negative sepsis on d 10 post-allo-HSCT (d 41

post-auto-HSCT). The indication for allo-HSCT in this

case was graft failure, leading to early transplant-related

mortality. CMV reactivation occurred in one haploiden-

tical HSCT recipient and was managed successfully

with intravenous ganciclovir. No other viral or fungal

reactivations were documented. One patient developed

grade 3 acute GVHD involving the gut and skin, which

resolved with systemic corticosteroids. Two patients ex-

perienced mild chronic GVHD (skin and ocular in-

volvement), both of which responded after use of topi-

cal steroids and calcineurin inhibitors. At a median

follow-up of 44 months (range 22-44), four patients re-

mained in long-term remission, yielding a three-year

OS of 80%, with all survivors relapse-free. Vaccination

has been completed in all patients except one, in whom

live vaccines are still pending.

Discussion
Allo-HSCT continues to be a potentially curative

treatment for eligible patients with chemotherapy-

sensitive relapsed HL following failure of auto-HSCT.

Our small real-world series demonstrates encouraging

outcomes using reduced intensity and reduced toxicity

conditioning regimens in an low-and middle-income

countries (LMIC) setting, with a 3-year OS of 80%,

aligning with results from larger international cohorts

despite the challenges inherent to a heavily pretreated

population2,6. These findings highlight the feasibility and

effectiveness of allo-HSCT in selected patients with ad-

vanced HL, particularly when supported by optimized

modern supportive care and individualized transplant

strategies.

Our transplantation approach incorporated matched

related, matched unrelated, and haploidentical donors.

Three of the five patients underwent haploidentical

transplantation, reflecting the growing reliance on hap-

loidentical donors in the Indian context, where matched

sibling or unrelated donors are often unavailable, and

highlighting the increasing accessibility and effective-

ness of haploidentical HSCT with post-transplant PT-

Cy4. The conditioning regimens included two reduced-

intensity (Flu-Cy-TBI) and two reduced-toxicity

myeloablative (Flu-Treo) fludarabine-based protocols,

while one patient received a myeloablative Flu-Bu4

regimen. Reduced intensity conditioning (RIC) and re-

duced toxicity conditioning (RTC) regimens have be-

come increasingly favored in the management of

chemotherapy-sensitive relapsed HL, as they offer re-

duced non-relapse mortality while achieving sustained

disease control in a subset of patients3,5. The observed

graft-versus-lymphoma effect appears to play a crucial

role in this context, especially when chemotherapy re-

sistance limits further cytotoxic therapy options7.

GVHD remains a central concern in allogeneic trans-

plantation, given its impact on morbidity and long-term

quality of life. In our series, the incidence of clinically

significant GVHD was relatively low: one patient devel-

oped grade III acute GVHD, and two had limited

chronic GVHD. This likely reflects the GVHD-sparing

effect of PT-Cy in haploidentical transplants, which is

now widely recognized for its dual benefit of GVHD

prevention and retention of graft-versus-leukemia activ-

ity8. Engraftment kinetics (median neutrophil recovery:

15 days; platelet recovery: 16 days) were comparable to

published data, reinforcing the feasibility of these pro-

tocols in our setting9.

A significant challenge in our cohort was the high in-

cidence of early infectious complications. All five pa-

tients experienced bacterial infections during the peri-

engraftment period requiring intravenous antibiotics,

with three cases confirmed by positive cultures. This

high incidence reflects the profound immunosuppres-

sion post-allo-HSCT, compounded by India’s high bur-

den of infections10. One patient succumbed to Gram-

negative sepsis before achieving neutrophil recovery.

Infection-related mortality continues to be a significant

barrier in transplant centers across LMICs, where envi-

ronmental exposure to resistant pathogens, limited ac-

cess to intensive supportive care, and constrained infra-

structure compound the risks11. CMV reactivation oc-

curred in one patient, a common complication in al-

lograft recipients12. Pre-emptive monitoring and antiviral

therapy remain essential in preventing its clinical im-

pact.

Our single-centre series demonstrating a 3-year OS

of 80% after allo-HSCT for chemotherapy-sensitive re-

lapsed HL is consistent with outcomes from larger mul-

ticentre and registry studies, despite the challenges of

an LMIC setting. In the prospective study by Das-

Gupta et al., transplant-naïve high-risk patients achieved

a similar 3-year OS of 80.7%, underscoring the benefit
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of allo-HSCT in carefully selected cohorts1. Ahmed et

al. highlighted the impact of RIC and RTC regimen

choice on outcomes, a finding mirrored in our experi-

ence, where the use of Flu-Cy-TBI and Flu-Treo regi-

mens supported reliable engraftment and durable remis-

sions2. The EBMT registry analysis by Martínez et al.

confirmed haploidentical HSCT with PT-Cy as a viable

alternative to MSD or MUD, with lower chronic

GVHD rates, mirroring our favourable experience with

three haploidentical transplants3. Spanish protocols like-

wise established the feasibility of RIC allo-HSCT in re-

lapsed HL4. Collectively, these studies contextualize our

findings, demonstrating that with judicious patient se-

lection, RIC or RTC conditioning, and PT-Cy prophy-

laxis, Indian outcomes can parallel those in high-

income countries, even amid higher infection burdens.

While our findings are encouraging, the study has

several limitations. The small sample size and retro-

spective nature limit the generalizability of the results

and preclude statistical comparisons or identification of

prognostic factors. Furthermore, the lack of a compara-

tor group, such as patients treated with chemo-

immunotherapy alone restricts our ability to evaluate

the relative benefit of allo-HSCT in this setting. Despite

these limitations, our findings provide valuable real-

world insights into the feasibility of RIC and RTC regi-

mens for allo-HSCT in Indian patients with

chemotherapy-sensitive relapsed HL.

Conclusion
Allo-HSCT offers durable remission in chemo-

therapy-sensitive relapsed HL post auto-HSCT; how-

ever, outcomes in chemo-refractory disease may differ

and require further study. While challenges such as in-

fections and GVHD persist, careful patient selection,

haploidentical donor use, and PT-Cy-based prophylaxis

offer a feasible pathway to success. These real-world

insights contribute to the growing evidence supporting

allo-HSCT in HL and underscore the need for tailored

approaches in diverse healthcare environments.
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