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The role of transplantation in
Hodgkin lymphoma

Michael Maranzano and Monica Mead*

Division of Hematology/Oncology, Department of Medicine, David Geffen School of Medicine,
University of California Los Angeles, Los Angeles, CA, United States
Despite the success of frontline anthracycline-based chemotherapy for

classical Hodgkin Lymphoma (cHL), approximately 15% of patients do not

achieve an adequate response and require further therapy. For transplant-

eligible patients, additional treatment followed by high-dose chemotherapy

and autologous hematopoietic stem cell transplantation (autoHCT) provides a

durable response in 50% of patients. The most refractory patients, including

those requiring multiple lines of therapy to achieve a response or those

relapsing after an autoHCT, may achieve long-term survival with allogeneic

hematopoietic stem cell transplant (alloHCT). Contemporary salvage regimens

used as a bridge to transplant have expanded to include not only non-cross

resistant chemotherapy, but also brentuximab vedotin (BV) and checkpoint

inhibitors (CPI). As the management of relapsed/refractory (R/R) cHL evolves

with the introduction of novel agents, so too does the role of transplantation.

The paradigm of chemosensitivity as a predictor for autoHCT efficacy is being

challenged by favorable post- autoHCT outcomes in heavily pre-treated CPI-

exposed patients. Contemporary supportive care measures, validated

comorbidity assessments, and an increased donor pool with haploidentical

donors have broadened the application of transplantation to an increasingly

older and diverse patient population. Despite the introduction of increasingly

effective treatment options for R/R cHL, transplantation continues to play an

important role in the management of these patients. In this review, we explore

the impact of salvage therapy on autoHCT, conditioning regimens,

maintenance therapy and the diminishing role of alloHCT for patients with cHL.

KEYWORDS

relapsed/refractory lymphoma, Hodgkin lymphoma (HL), autologous and allogeneic
transplantation, autologous transplant (ASCT), allogenic transplant, targeted therapy,
immunotherapy, maintenance therapy
Introduction

Classical Hodgkin Lymphoma (cHL) is a B-cell malignancy featuring the diagnostic

hallmark of multinucleated Reed–Sternberg cells found on pathologic exam of lymph

nodes or other affected tissues. While 80% of patients with cHL achieve a durable

remission with anthracycline-based combination chemotherapy in the frontline setting
frontiersin.org01

https://www.frontiersin.org/articles/10.3389/fonc.2022.1054314/full
https://www.frontiersin.org/articles/10.3389/fonc.2022.1054314/full
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fonc.2022.1054314&domain=pdf&date_stamp=2023-01-26
mailto:mmead@mednet.ucla.edu
https://doi.org/10.3389/fonc.2022.1054314
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology#editorial-board
https://www.frontiersin.org/journals/oncology#editorial-board
https://doi.org/10.3389/fonc.2022.1054314
https://www.frontiersin.org/journals/oncology


Maranzano and Mead 10.3389/fonc.2022.1054314
(1–4), 10-20% develop relapsed or refractory (R/R) disease after

an initial complete response (CR) and 5-10% have primary

refractory disease (5). Approximately 50% of fit patients with

R/R cHL are cured with a platinum-based salvage regimen

followed by high-dose chemotherapy and autologous

hematopoietic stem cell transplantation (autoHCT) for

responding disease (6, 7). In carefully selected patients who

relapse after an autoHCT or with highly refractory disease,

allogeneic hematopoietic stem cell transplantation (alloHCT)

can provide a durable response leveraging a graft versus

lymphoma (GVL) effect.

Substantial progress has been made in the treatment of

cHL that has resulted in improved outcomes for patients

with R/R disease. Phase 2 single-arm studies evaluating

novel agents in R/R cHL including Brentuximab Vedotin

(BV), a CD30-directed antibody- drug conjugate (FDA

approval August 2011), and checkpoint inhibitors (CPIs)

including nivolumab (FDA approval May 2016) and

pembrolizumab (FDA approval March 2017), have shown

CR rates as monotherapies of 32%, 16% and 28% respectively

(8–10).

D e s p i t e b r o ad en i n g o f t h e cHL t h e r a p eu t i c

armamentarium, these novel agents as monotherapy are

unlikely to result in cure; thus, hematopoietic stem cell

transplantation continues to play an important role in the

management of R/R disease . Use of combinat ion

chemotherapy, novel agents in earlier lines of therapy,

immune-based therapy, and improvements in autoHCT, have

resulted in a 10-year overall survival (OS) rate approaching

60% (11). With improved supportive care and incorporation of

novel agents pre- and/or post-autoHCT, Center for

International Blood and Marrow Transplant Research

(CIBMTR) data reports substantial improvement in 3-year

OS after autoHCT from 72% in the early 2000s to 92% for

those recently transplanted 2016-2019 (12, 13).
Patient selection for
autologous transplant

Common frontline regimens for the treatment of cHL,

including ABVD, BEACOPP, and more recently A-AVD,

resu l t in exce l l ent outcomes (14 , 15) . There fore ,

consolidative transplantation is rarely considered in first

complete remission (CR1), supported by a randomized

control trial (RCT). Carella et al. randomized 163 patients

with unfavorable cHL in first response following 4 cycles of

ABVD to an additional 4 cycles of ABVD or autoHCT (16,

17). There was no difference in 10-year overall survival (OS)

between the two groups, including high risk groups, and

autoHCT at first response is not recommended.
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Role of transplant in CR2

Two RCTs have evaluated the role of high- dose,

myeloablative chemotherapy followed by autoHCT in patients

with R/R cHL (18, 19). The British National Lymphoma

Foundation (BNLI) conducted a RCT of 40 patients with R/R

cHL including 20 primary refractory and 5 multiply resistant

patients who were given mini-BEAM as salvage followed by

additional mini-BEAM or BEAM followed by autoHCT;

enrollment was limited due to patient preference for autoHCT,

but the BNLI reported an event free survival (EFS, event being

death from any cause or progression) benefit in favor of BEAM

followed by autoHCT (3-year EFS 53% vs. 10%, p=0.025) and no

statistically significant benefit in OS (p=0.318). Schmitz et al.

included 161 R/R cHL patients that received Dexa-BEAM

(dexamethasone and carmustine, etoposide, cytarabine, and

melphalan), followed by randomization of responding patients

to either two additional cycles of Dexa-BEAM or high-dose

BEAM and autoHCT. Compared to patients that received Dexa-

BEAM only, patients in the autoHCT arm had improved 3-year

freedom from treatment failure (34% vs 55%, difference -21%,

95% CI -39.87 to -2.13%, p=0.019). A Cochrane systematic

review including meta-analysis of these two trials by Rancea

et al. found improvements in progression-free survival (PFS)

(HR 0.55, 95% CI 0.35-0.86, p=0.009) and a trend towards an OS

benefit for those who underwent autoHCT in CR2 over salvage

chemotherapy (7). These findings established autoHCT for

responding patients with R/R cHL as the standard of care.
Factors affecting AutoHCT outcomes

Disease status before transplant is one of the most important

factors predicting post- autoHCT outcomes, shown in several

retrospective studies. A single-center retrospective study

including 153 patients who underwent autoHCT between 1994

and 2003 demonstrated pre-autoHCT CR assessed by functional

imaging was associated with twice the rate of EFS compared to

those with less than a CR (5-year EFS of 75% and 31%

respectively, p<0.0001) (20). An additional single-center

retrospective study included 111 patients undergoing autoHCT

and showed a pre-transplantation response assessed by PET-CT

of CR compared to PR was associated with improved 5-year OS

of 90% vs 55% (p=0.001), respectively (21). These differences in

outcome persisted through multivariate analysis of pre-

transplant disease and patient risk factors (22).
AutoHCT in older adults

Hodgkin lymphoma has a bimodal age distribution with

nearly 20% of patients aged 60 or older at the time of diagnosis.
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Older patients are more likely to have comorbidities, impaired

functional status, and poor social support– factors that may

impact transplant eligibility and outcome. The heterogeneity of

the older patient population underscores the importance of

comprehensive pre-transplant assessment of factors beyond

chronological age alone (23).

Validated tools are available to assess a patient’s transplant

eligibility beyond chronological age. Comprehensive geriatric

assessment across multiple geriatric domains including

comorbidities, cognition, and physical functioning performed

throughout the transplant period has been shown to optimize

transplant tolerability and outcomes (24). The Hematopoietic

Cell Transplantation-specific Comorbidity Index (HCT-CI)

incorporates variables that impact transplant-related mortality

and may be particularly relevant in older patients as it has been

shown to be associated with outcomes of autoHCT in

retrospective and prospective lymphoma cohorts (25, 26).

Lymphoma patients undergoing autoHCT with HCT-CI score

of 1-2 or 3 compared to those with HCT-CI of 0 had worse OS,

HR 1.23 (95% CI 1.05-1.46, p=0.013) and HR 1.37 (95% CI 1.15-

1.16, p<0.0001) respectively.

Previously, a strict upper- age limit was used to exclude older

patients from auto-HCT-related clinical trials, and prospective

data in this population is limited. In the previously described

RCT of autoHCT in R/R cHL by the BNLI, the oldest participant

included was 49 years (18), and nearly 10 years later, the other

RCT of autoHCT in R/R cHL allowed patients up to age 60 (19).

Several retrospective analyses have evaluated post-autoHCT

outcomes in patients ≥60 years but are limited by selection

bias. Increasingly, transplant centers have proceeded with

transplant in older patients. A single-center retrospective study

compared outcomes following autoHCT in 15 patients aged 60-

67 compared to 137 patients < 60 years old with comparable 2-

year OS of 84% and 88% respectively with similar toxicity

profiles (27). A multi-center French retrospective registry

study of 91 patients aged 60 or older primarily conditioned

with BEAM followed by autoHCT demonstrated a 5-year OS of

67% (28). These findings compare favorably to a cohort that

included a broad age-range of patients (18–73) and reported a 5-

year OS of 79% with BEAM conditioning (29).

Limited data exists for the oldest cHL patients beyond age 70

and primarily consist of small retrospective analyses or

underpowered subset analyses of broader cohorts. A

retrospective analysis included 346 patients ≥ 60 years with

non-Hodgkin lymphoma (NHL) undergoing BEAM

conditioning and autoHCT and performed a subset analysis of

patients ≥ 70 years (n=67) that showed a nearly 100% incidence

of grade 3 toxicities with BEAM conditioning and a 1.71-fold

(95% CI, 1.08-2.71) increased risk of progression or death in

these patients age ≥ 70 compared to patients under age 70 (30).

The authors expressed caution when considering BEAM

conditioning in the oldest population undergoing autoHCT.
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Despite broadening the definition of transplant-eligibility to

include older patients, recent post-autoHCT outcomes have

continued to improve (31). With improvements in supportive

care and more informed determination of transplant-eligibility

through the use of comorbidity scores, autoHCT can be

considered in older, frailer, medically complex patients (26,

32).Considering transplant-related risks and treatment

toxicities, the availability and efficacy of novel treatments to

treat R/R cHL in vulnerable older adults should be considered as

well, as the role of BV and/or CPI prior to autoHCT continues to

be explored with hopes for durable responses perhaps without

the need for transplant.
Salvage treatments prior to
autologous transplant

The primary goal of salvage treatment of patients with R/R

cHL prior to autoHCT is to achieve a CR without inducing

significant marrow toxicity that would impair hematopoietic

stem cell collection. There are multiple conventional salvage

regimens used for the treatment of R/R cHL and no one

standard exists. Regimens used in the relapsed or refractory

setting have traditionally included multi-agent platinum- or

gemcitabine-based chemotherapy, and recently, there have been

many trials exploring the use of BV and CPI during salvage

treatment. These regimens have not been prospectively compared,

and choice of regimen is contingent on prior treatment, duration

of response to front-line therapy, toxicity profile, and

institutional preference.
Conventional chemotherapy-based
salvage regimens

A comprehensive examination of conventional salvage

options is beyond the scope of this review but will be briefly

discussed. Outcomes of individual salvage regimens are

summarized in Table 1. Retrospective and phase 2 single-arm

studies have described outcomes of conventional salvage

regimens, as reviewed by Castagna et al. with overall response

rates (ORR) of 68-89% for various platinum-based salvage

regimens and hematopoietic stem cell mobilization rates

approaching 100% (33). Commonly used platinum-based

regimens include DHAP (dexamethasone, cytarabine,

cisplatin), ESHAP (etoposide, methylprednisolone, high-dose

cytarabine, cisplatin), ICE (ifosfamide, carboplatin, and

etoposide), and GDP (gemcitabine, dexamethasone, cisplatin)

(34–37). An example of a gemcitabine-based salvage, IGEV

(ifosfamide, gemcitabine, vinorelbine), reported a CR rate of

53% with 77% of patients proceeding to transplant (38).

Conventional chemotherapy-based salvage regimens are
frontiersin.org
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generally effective and well tolerated with primarily hematologic

toxicities that can be managed supportively.
BV-based salvage regimens

Recent retrospective and prospective phase 2 studies

incorporating novel agents including BV and CPI are

challenging the paradigm of combination chemotherapy as

first salvage. BV has been explored as salvage treatment prior

to autoHCT as monotherapy (39) or in combination with

chemotherapy agents including bendamustine (40, 41), ICE

(42), IGEV (43), and ESHAP (44) with ORR of 71-100%,

including patients who were previously chemorefractory

as summarized in Table 1. There is not a clear negative

impact on stem cell collection, overlapping toxicities other

than myelosuppression and added toxicity of peripheral

neuropathy, nor any deleterious impacts on the autoHCT

course when BV is used in first-line or beyond treatment

regimens. A multicenter retrospective study suggests

incorporation of BV into first salvage treatment of patients

with high-risk disease features including primary refractory or

early relapsing (< 6 months) disease following frontline therapy,

may be particularly beneficial (45).
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CPI as salvage

CPIs used alone, sequentially, or in combination with

chemotherapy have been explored as first salvage in

transplant-eligible patients. The use of conventional

chemosensitivity as a predictor of successful autoHCT

outcomes may be too narrow and continues to evolve in the

CPI era, and a selection of reported salvage regimens including

CPI is included in Table 1. An intriguing retrospective multi-

center study by Merrymen et al. suggests incorporation of a CPI

(alone or in combination) in the third line or later salvage setting

in transplant-eligible patients may sensitize chemorefractory

patients to the high-dose conditioning regimens employed

with autoHCT (46). With a median follow up of 19.6 months,

18-month PFS and OS were 81% (95% CI, 69-89) and 96% (95%

CI, 87-99) respectively.

A recent single-arm phase 2 prospective study by Mei et al.

of nivolumab ± ICE (NICE) evaluated 43 patients with R/R cHL

initially with nivolumab monotherapy for 3 biweekly cycles (47).

Patients with response (CR or PR in 37 out of 42 patients, 88%)

received 3 more cycles of nivolumab followed by autoHCT,

while patients with SD or PD received 2 cycles of nivolumab

with ICE chemotherapy followed by autoHCT for responding

disease. For those with relapsed HL, this treatment paradigm
TABLE 1 Salvage options for relapsed/refractory classical Hodgkin lymphoma.

Regimen n ORR (%) CR (%) AutoHCT After Salvage (%) Reference

Conventional Chemotherapy

DHAP 102 89% 21% N/A (34)

IGEV 91 81% 54% 70% (38)

ESHAP 82 67% 50% N/A (35)

ICE 65 88% 26% 86% (36)

GDP 24 70% 17% 100% (37)

Brentuximab Salvage

BV Monotherapy 57 75% 43% 56% (39)

BV-Bendamustine 53 93% 74% 76% (40)

BV-ICE 45 91% 74% 86% (42)

BV-IGEV 28 96% 71% 100% (43)

BV-ESHAP 66 91% 70% 91% (44)

CPI Salvage

Nivo ± ICE 43 91% 88% 77% (47)

Pembro-ICE 37 97% 87% 95% (50)

Pembro-GVD 39 100% 92% 95% (49)

BV-Nivo 91 85% 67% 74% (51)
n, number; ORR, overall response rate; CR, complete response; DHAP, dexamethasone, cytarabine, cisplatin; IGEV, ifosfamide, gemcitabine, etoposide, vinorelbine; ESHAP, etoposide,
methylprednisolone, cytarabine, cisplatin; ICE, ifosfamide, carboplatin, etoposide; GDP, Gemcitabine, Dexamethasone, and Cisplatin; BV, brentuximab vedotin; Nivo, nivolumab; Pembro,
pembrolizumab; GVD, gemcitabine, vinorelbine, liposomal doxorubicin.
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achieved a 93% ORR, and the majority of patients proceeded

to transplant.

Retrospective data suggests CPI-exposure may be

associated with increased risk of engraftment syndrome,

manifesting as high-grade non-infectious fever (≥ 38.5 C)

accompanied by rash, diarrhea, and/or transaminitis

occurring around the time of neutrophil engraftment in

patients undergoing autoHCT. In a retrospective analysis,

CPI exposure has been shown to be significantly associated

with risk for engraftment syndrome (HR = 8.9, p < 0.001) (48).

In the previously mentioned study by Mei et al, 4 of the 33

patients (12%) that proceed to auto-HCT, met pre-specified

criteria for engraftment syndrome a median of 8 days after

stem cell infusion (47).

In a phase 2 trial of pembrolizumab combined with GVD

(Gemcitabine, Vinorelbine, and Liposomal Doxorubicin)

followed by autoHCT for responding disease, 68% of patients

developed engraftment syndrome at a median of 10 days

following stem cell infusion (49). In both prospective studies,

engraftment syndrome was successfully managed with early

identification, steroids, and supportive care as at worst,

engraftment syndrome can manifest as fatal respiratory

failure (50). As the use of pre-autoHCT CPI is likely

to increase, providers should carefully monitor patients

for early signs of engraftment syndrome with prompt

initiation of steroids when indicated to mitigate the risk of

further complications.
BV and CPI combinations

Recent 3-year follow up of a single arm phase 1/2 study

evaluating a chemotherapy-free regimen of BV with nivolumab

as first salvage for transplant-eligible patients with R/R cHL

showed favorable post-autoHCT outcomes including a CR rate

of 61%, 74% of patients proceeding to autoHCT, and a 91% 3-

year PFS (51). Notably, these favorable outcomes were largely

driven by patients relapsing 6 months or later from completion

of frontline therapy. Consequently, BV with nivolumab has been

added to National Comprehensive Cancer Network (NCCN)

guidelines as a potential first salvage regimen for transplant-

eligible patients.

In the initial phase 2 FDA registration trial of BV

monotherapy for patients with cHL relapsed after autoHCT

(8), 9% of patients (9 of 102) remained in CR at 5 years after 16

cycles of BV without any additional therapy (52), suggesting a

subset of patients may not benefit from high-dose consolidative

approaches. An ongoing clinical trial of BV and CPI in patients

with R/R cHL and deferral of autoHCT is being explored

(NCT04561206). Further work is needed to define the subset

of patients who achieve durable response to BV without the need

for consolidative autoHCT.
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Peri-transplant radiation therapy

The role of peri-transplant radiation therapy (RT) has not

been explored in RCT, and its use is largely supported by single-

arm prospective and retrospective studies and expert panel

recommendations. The International Lymphoma Radiation

Oncology Group published guidelines regarding the use of RT

for cHL advising that RT may play a role in transplant-eligible

patients with limited sites of refractory disease, bulky disease, or

as post-transplant consolidation for those with a PR at the time

of autoHCT (53).

A single-center retrospective study evaluated 80 consecutive

patients with R/R cHL who received post-transplant

consolidative involved field radiation therapy (IFRT) for

lymph nodes ≥ 2 cm (needed in 40% of 80 patients) with a 2-

year PFS benefit noted for those who underwent RT (67% vs.

42%, p < 0.01) but no 2-year OS benefit (54). An additional

single-center retrospective study evaluated outcomes of R/R cHL

patients who received IFRT in the immediate post-transplant

period for residual disease (identified on post autoHCT PET/

CT) and showed a 5-year OS of approximately 80%; however,

when radiation was used for late progression of disease after

autoHCT (beyond transplant day +100) limited success was

achieved with a 5-year OS of 30% (55).

There is also some excitement about the synergy of radiation

and immunotherapy as a means to increase rates of CR prior to

autoHCT. Radiation is being explored in R/R cHL patients with

disease progression on CPI in an ongoing clinical trial

(NCT03480334). Early results have shown half of patients with

tumor response even outside the radiation field while continued

on CPI showing how RT can re-sensitive patients to

immunotherapy (56). In summary, RT remains reasonable to

consider for limited sites of disease and for any sites of peri-

transplant residual PET-positive disease.
Conditioning regimens for
autologous transplants

Common conditioning regimens used for autoHCT in cHL

patients include BEAM (carmustine, etoposide, cytarabine, and

melphalan), CBV (cyclophosphamide, carmustine, and etoposide),

and GemBuMel (gemcitabine, busulfan, and melphalan) (57, 58),

and no standard exists. Toxicities vary between regimens and can

help clinicians choose appropriate regimens; notably, high dose

carmustine and busulfan can both put patients at risk for

pulmonary toxicity and nephrotoxicity, whereas melphalan’s dose

limiting toxicities are diarrhea and mucositis.

A CIBMTR analysis including 1,012 cHL patients

undergoing autoHCT from 1995-2008 evaluated the impact of

common conditioning regimens on outcome (59). After

stratifying for conditioning regimen, the probability of 3-year
frontiersin.org
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OS for BEAM, CBV, BuCy and TBI were 79%, 68-73%, 65% and

47%, respectively (p<0.001 between all groups), and BEAM was

associated with improved OS in multivariate analysis. Compared

with BEAM, CBV, BuCy and TBI were associated with increased

mortality (CBV vs. BEAM, HR 1.53, p=0.003; BuCy vs. BEAM,

HR 1.77, p<0.001; TBI vs. BEAM, HR 3.38, p<0.001). One -year

TRM was 4-8% in the entire cohort, with no statistically

significant differences between conditioning regimens.

Considering the pulmonary toxicity, cost, and occasional

shortages of carmustine, alternative regimens without

carmustine include BeEAM (bendamustine, etoposide,

cytarabine, and melphalan) and thiotepa-based TEAM

(thiotepa, etoposide, cytarabine, melphalan) and TECAM

(thiotepa, etoposide, cytarabine, cyclophosphamide, and

melphalan) have been evaluated. BeEAM was studied in a

phase 1/2 trial including 15 cHL patients undergoing

autoHCT and demonstrated engraftment at a median of 10

days, neutropenic fever in approximately half of the patients, and

median disease-free survival of 19 months for the R/R cHL

cohort (60). A multi-center retrospective study compared

TEAM and BEAM, finding similar post-transplant outcomes

in the two groups (PFS HR 1.15 (95% CI 0.7-1.87, p=0.59) (61).

A prospective study of TEAM demonstrated a 1-year non-

relapse mortality of 3.3% and median time to engraftment of

12 days (62). TECAM was studied by single-center retrospective

study of 120 patients with the same time to engraftment

compared to BEAM (median 11 days for each cohort) and 3-

year PFS for TECAM vs. BEAM of 49% vs. 62% (p=0.16) (63). In

summary, the various conditioning regimens for autoHCT have

not been compared in randomized trials, and thus, selection is

largely based on patient factors, institutional preference, and

toxicity profile.
Outpatient AutoHCT

AutoHCT with BEAM conditioning is traditionally

administered in the inpatient setting, but single-center

retrospective studies suggest outpatient administration of

BEAM and hematopoietic stem cells with close monitoring is

safe, feasible and does not compromise outcomes (64, 65).

Patients may be admitted later in the transplant course for

cytopenias needing frequent transfusions or infectious

complications and neutropenic fever. Overall, there is

reduction in length of inpatient stay, reduced costs, and lower

rates of infections and enteritis with outpatient autoHCT (64).

Some patients who experience minimal complications can

remain completely outpatient throughout the transplant course

with a median of 13 hospital days avoided per patient for

outpatient BEAM compared to historical controls (66).

In a meta-analysis of the outcomes of 740 outpatient

autoHCT across 9 studies for any disease indication, those

who underwent outpatient autoHCT had significantly lower
Frontiers in Oncology 06
risk of neutropenic fever (pooled OR 0.55, 95% CI 0.29-0.65,

p<0.001) with no statistically significant difference in OS in the 3

studies that reported survival outcomes (67). Outpatient

autoHCT programs take advantage of improvements in the

supportive care including infectious prophylaxis, growth

factors, robust transfusion support, and oral care regimens.

Many of these outpatient transplant programs needed to be

placed on hold or substantially modified with the ongoing SARS-

CoV-2 pandemic.
Alternative and adjunctive
conditioning strategies

Other agents have been explored as adjunctive to

conditioning chemotherapy. Rituximab with BEAM has been

reported in a single-center retrospective study with 78% disease-

free survival at 3 years, 94% 3-year OS, and no impact on

outcome by CD20 status suggesting perhaps multiple

mechanisms of action (68). Tandem autoHCT comprising of

conditioning with two different myeloablative regimens, such as

high-dose melphalan for first autoHCT followed by BEAM or

TBI conditioning for second autoHCT, has been explored in

high-risk patients in risk-adapted, non-randomized trials to

improve long-term autoHCT outcomes (69–71). Interpretation

of outcomes is limited at present with maintenance treatment

after autoHCT now commonplace for these high-risk patients.

Tandem autologous transplant has fallen out of favor and is not

recommended by the American Society for Blood and Marrow

Transplantation (72).

While TBI conditioning was used in 545 patients included in

the previously mentioned CIBMTR analysis (59), radiation plays

a limited role in conditioning regimens employed in autoHCT

for cHL patients with concerns for cardiac and pulmonary

toxicity and risks of secondary malignancies. TBI as a part of

conditioning has been shown to have increased risk of overall 2-

year mortality (HR 1.51, 95% CI 1.09-2.08, p=0.013) and 2-year

NRM (HR 1.51, 95% CI 1.01-2.25, p=0.43) based on an

additional analysis of CIBMTR data (73). TBI should only be

considered in select circumstances in which patients remain in

PR involving extranodal and/or bone marrow sites despite all

available salvage options (53).

Additions to standard conditioning regimens are

undergoing evaluation to deepen consolidation responses and

reduce the risk of relapse after autoHCT with a focus on cellular

and immune-based therapies. Radioimmunotherapies, using an

antibody labeled radionuclide to target the radiation’s effects,

like 131Iodine-tositumumab and 90Yttrium-ibritumomab

tiuxetan have been studied but are not commonly used due to

the complexity of administration, delayed engraftment, and

prolonged cytopenias (74). An ongoing phase 2 trial evaluating

a novel anti-CD25 radioimmunotherapy (90Yttrium-

basiliximab) combined with BEAM conditioning (aTAC-
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BEAM) is ongoing (NCT04871607). One approach was shared

in a recent abstract with the outcomes of a single-center single-

arm pilot study of tandem autoHCT and anti-CD30 chimeric

antigen receptor (CAR) T-cell infusion in several especially

high-risk and chemorefractory patients highlighting the

potential future role of cellular therapy in this space (75).

Another upcoming trial will add isatuximab, a CD38 antibody,

during collection and transplant to modulate the immune

system, improving T-cell recovery, to reduce changes of

relapse after autoHCT (NCT05346809). Improvements in

supportive care are also being explored, like the addition of

romiplostim to reduce need for platelet transfusions

(NCT04478123) and allogeneic engineered human endothelial

cells to address diffuse injury to vascular stem cells during

autoHCT (NCT05181540).
Maintenance therapies after
autologous transplant

Despite the success of consolidative autoHCT in

approximately half of patients with R/R cHL, a substantial

subset of patients will ultimately relapse (19, 76). Retrospective

studies have sought to identify patient- and disease-related

characteristics predictive of post-autoHCT relapse. In a recent

retrospective study of 501 patients who underwent autoHCT at

MD Anderson Cancer Center from 2005 to 2019, Nieto et al.

found the following factors independently associated with

poorer PFS after autoHCT in multivariate analysis: primary

refractory disease (HR 1.41, 95% CI 1.01-1.97, p=0.04), more

than two prior lines of therapy (HR 1.60, 95% CI 1.08-2.36,

p=0.01), bulky relapse (HR 1.56, 95% CI 1.15-2.12, p=0.004), B-

symptoms at relapse (HR 1.68, 95% CI 1.19-2.37, p=0.003), and

a positive PET at autoHCT (HR 2.60, 95% CI 1.83-3.69,

p<0.0001) (77). Other groups are exploring integration of pre-

transplant Deauville score on PET scan and residual metabolic

tumor volume in determining a patient’s risk of relapse post-

autoHCT (78). Knowing the risk factors that are associated with

poorer outcomes, we can identify patients who may benefit from

more aggressive or additional treatment including post-

autoHCT maintenance.
BV maintenance

The concept of maintenance therapy post-autoHCT aims to

reduce the risk of relapse without adding substantial toxicity. BV

has been considered an acceptable candidate for post-autoHCT

maintenance due to its known monotherapy activity in relapsed

setting and reasonable toxicity profile (52).

The sentinel trial of post-autoHCT maintenance therapy in

cHL was the randomized, double-blind, placebo-controlled
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phase 3 AETHERA trial in which BV monotherapy was

administered for up to 16 cycles post-autoHCT (1.8 mg/kg

every 3 weeks starting 30-60 days post-autoHCT) in patients

with high-risk features including primary refractory cHL, early

relapsed cHL (defined as remission duration of less than 12

months), or extranodal involvement at the start of pre-

transplantation salvage chemotherapy (79). Prior BV exposure

was not allowed. A total of 329 patients with at least one of these

defined high-risk features were randomized to receive up to 16

cycles of BV (n=165) or placebo (n=164). With a median follow-

up time of 30 months, PFS was superior in the BV group

compared to placebo group (42.9 months vs. 24.1 months,

respectively, p=0.0013) (79). There was more peripheral

neuropathy (PN) in the BV group (67% vs. 10%), and the

most common grade 3 adverse events higher in the BV group

compared to placebo included neutropenia (29% vs. 10%),

peripheral sensory neuropathy (10% vs. 1%), and peripheral

motor neuropathy (6% vs. 1%); thus, dose modifications were

needed in 32% of patients receiving BV maintenance and led to

discontinuation of treatment in 23% of patients. The median

time to onset of PN was 13.7 weeks.

Subsequent longer-term follow up of the AETHERA trial

was published that continued to show a PFS benefit for BV

maintenance after autoHCT compared to placebo (5-year PFS of

59% for BV vs. 41% placebo) (80). In long-term follow-up, 73%

of patients in the BV arm reported complete resolution of PN,

with median time to resolution of PN of 37.6 weeks. There has

been no OS benefit reported on the trial with significant post-

protocol cross over as many patients on the placebo arm received

BV after relapse. Similar results were confirmed in real-world

studies as well outside of the regulated clinical trial setting calling

into question the optimal timing of BV as salvage therapy before

or after transplant and its role as post-transplant maintenance

(81, 82).

In addition to a lack of clear OS benefit and added incidence

of PN with post-autoHCT BV maintenance for many patients

who would otherwise be cured of their cHL, one study estimated

significant financial toxicity of BV maintenance with an estimate

of $148,664/QALY gained as maintenance therapy compared to

use of BV salvage treatment at time of relapse (83). This value

exceeds the accepted cost-effectiveness threshold outside of the

US healthcare system, limiting its widespread adoption. There is

also concern raised about the increased immunosuppression and

its infection risk putting patients at risk for life-threatening

respiratory infections including Pneumocystis jiroveci

pneumonia. One center reported an incidence of PJP of 4.1%

in 14 of 339 patients receiving BV without PJP prophylaxis (not

currently recommended), above a commonly accepted threshold

of 3.5% incidence for recommending PJP prophylaxis (84).

A single-center retrospective analysis of 20 patients with R/R

cHL in a resource-limited where patients bared full

responsibility for drug costs reported outcomes of fewer cycles

of BV maintenance compared to AETHERA (4 vs. 16,
frontiersin.org

https://doi.org/10.3389/fonc.2022.1054314
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Maranzano and Mead 10.3389/fonc.2022.1054314
respectively). With a median follow up of 26.5 months, the

cohort demonstrated a 2-year PFS of 72%, and median PFS was

not reached (85). While the number of patients in this single

study was small, these outcomes compare similarly to those

demonstrated in AETHERA and call into question the total

number of maintenance BV cycles needed to improve outcomes.

Consensus guidelines continue to recommend 16 cycles of BV

maintenance in BV-naïve cHL patients with high-risk features

following autoHCT (86).
CPI and other maintenance
after AutoHCT

With CPI’s emerging role as a highly effective salvage agent

in HL and building on the success of PD-1 blockade as adjuvant

treatment in select solid malignancies, CPIs are being

investigated as a maintenance strategy after autoHCT in HL.

Armand et al. conducted a multicenter phase 2 trial evaluating

pembrolizumab administered for 8 cycles after autoHCT in 30

patients with R/R cHL (87). Pre-planned analysis of 18-month

PFS and OS were 82% and 100%, respectively. Pembrolizumab

maintenance was associated with a 43% prevalence of immune

related adverse events (irAE); the most common grade 2 or

higher irAE was pneumonitis/cough in 5 patients. Similarly,

nivolumab is being evaluated as maintenance therapy post-

autoHCT for 6 months in a phase 2 trial that has reported

preliminary results in 37 patients (out of a planned enrollment of

40 patients). With a median follow up of 9.2 months, 1-year OS

was 100%, and 46% of patients experienced an treatment-related

AE (88).

The combination of BV with nivolumab has been explored as

another consolidation strategy for patients who are not previously

refractory to both drugs. This phase 2 trial (NCT03057795)

completed enrollment of 65 patients in 2021 and so far, has

been reported to be an efficacious regimen with only 1 relapse

event in 59 patients after 15 months of median follow-up after

autoHCT (89). Longer-term follow up will further clarify efficacy

and tolerability. There is an ongoing Phase I trial of CD30 CAR-T

when given between 14 and 20 days following autoHCT around

the time of count recovery (NCT02663297). Lenalidomide

maintenance for up to 18 months after autoHCT had also been

explored but was limited by grade 3 to 4 hematologic toxicity in

more than half of participants (90). Polatuzumab Vedotin is also

being explored as maintenance in CD20+ cHL as well as other

NHL (NCT04491370).

We continue to hope to find tolerable and effective

maintenance options for patients at the highest risk of relapse

who will see the most benefit.
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The role of allogenic transplant

Allogeneic hematopoietic stem cell transplantation can

provide durable responses in a subset of medically fit patients

with R/R cHL who require multiple lines of therapy to achieve

response, have a best response of PR to salvage CPI, or relapse

after autoHCT. The anti-lymphoma properties of alloHCT are

primarily mediated through a graft versus lymphoma (GVL)

effect induced by alloreactive donor T-cells (91, 92), and this

approach can provide long-term survival in 25-40% of carefully

selected patients (93–95).

A retrospective analysis by the EBMT (European Group for

Blood & Marrow Transplantation) included 2,204 patients

wi th R/R cHL who underwent a l loHCT for both

chemosensitive (CR or PR) or chemorefractory (SD or PD)

disease and suggests improved outcomes with more

contemporary transplant practices (3-year OS: 1990-1994,

21% vs. 2011-2014, 61%) with an increase in the use of

haploidentical donors, reduced intensity conditioning (RIC),

and peripheral blood as stem cell source over time (96). While

alloHCT can be powerful therapeutic tool, its application is

limited by the associated toxicities, primarily driven by

regimen-related adverse effects, graft vs. host disease

(GVHD) and need for long-term immunosuppression with

the associated infectious risk. In this EBMT analysis, rates of 1-

year non-relapse mortality (NRM) have fallen from 58% (95%

CI 39-73%) in the 1990s to 19% as of 2011-2014 (95% CI 16-

21%) and rates of severe grade 3-4 GVHD at 50 days has fallen

from 25% (95% CI 11-42%) in the 1990s to 8% as of 2011-2014

(95% CI 6-10%).
Disease status prior to AlloHCT

Depth of response impacts alloHCT outcomes with more

favorable outcomes observed in those achieving a pre-

transplantation CR. A CIBMTR analysis that included 1,694

patients with R/R HL undergoing alloHCT between 2009 and

2019 showed improved rates of 3-year OS in patients with a pre-

transplantation CR or PR compared to those deemed

chemoresistant (SD or PD) (67% vs. 50%, p<0.0001) (12).

Similarly, a multi-center retrospective analysis from GATMO

(Grupo Argentino de Transplante de Médula Ósea) that

included 113 patients with R/R cHL undergoing alloHCT

showed that CR as compared to PR or SD/PD at the time of

transplantation was associated with improved OS in univariate

analysis (2-year OS for CR 57%, PR 41%, SD/PD 13%, p=0.001)

and was the only variable predictive of OS in multivariate

analysis (p=0.002) (97).
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For patients who are refractory to chemotherapy and with

progression after BV and CPI containing regimens, there is no

standard of care, and enrollment of patients on clinical trials is

advised to achieve disease response prior to alloHCT. Given the

progress of chimeric antigen receptor T-cells (CAR-T) in NHL,

there are several ongoing trials of CD30 directed CAR-T in cHL

(RELY-30, CHARIOT) (98, 99) and preclinical investigations of

bispecific antibodies. AlloHCT remains a potentially curative

options for even the most difficult to treat patients.
Donor selection for AlloHCT for cHL

The traditional approach for donor selection has emphasized

use of fully matched-related or-unrelated donors due to the

associated low rates of graft failure and more favorable rates of

GVHD compared to mismatched donors (100–102). However,

only about 30% of patients have a fully matched-related donor

(MRD), and rates of identifying a fully matched-unrelated donor

(MUD) vary considerable by racial and ethnic group in the U.S.

population from Black South or Central American at 16% to

White Europeans at 75% (103). The introduction of umbilical

cord blood (UCB) hematopoietic stem cell donors in the early

1990s led to alloHCT in an increasing number of lymphoma

patients, but prolonged time to engraftment (time to neutrophils

engraftment at 28 days, MUD 94% vs. UCB 66%, p<0.001) and
Frontiers in Oncology 09
associated increased infection risk have limited this approach

(104). The use of post-transplant cyclophosphamide (PTCy) has

allowed for use of haploidentical donors, and a substantial

increase in the donor pool. The impacts of donor type on cHL

alloHCT outcomes continues to evolve (Table 2).

Prospective data to guide donor selection when multiple

donors are available are lacking. Mounting retrospective data

supports prioritization of a fully matched donor when available

followed by a haploidentical donor.

A CIBMTR analysis of 987 patients with both R/R cHL

(n=222, 22.5%) and NHL (n=765, 77.5%) undergoing alloHCT

between 2008 and 2013 showed no significant differences in

outcome for MRD compared to haploidentical donors for NRM

(p=0.06), PFS (p=0.83), OS (p=0.34) and cumulative incidence

of day 100 grade 2-4 acute GVHD (27% vs. 25%; p=0.84) (106).

However, chronic GVHD at 1 year was significantly lower after

haploidentical compared to MRD transplantation (12% vs. 45%;

p<0.001). Analysis of an EBMT cHL cohort undergoing

haploidentical or MUD transplantation between 2010 and

2013 described similar findings of equivalent OS and lower

risk of 1-year chronic GVHD for haploidentical donors (26%

vs. 40%, respectively; p=0.04) (109).

With the use of haploidentical donors and PTCy, UCB

donors have played a diminishing role as a source for

hematopoietic stem cells. A retrospective analysis using pooled

data from the CIBMTR, LWP-EBMT, and Eurocord evaluated
TABLE 2 Donor selection for allogenic hematopoietic cell transplant in R/R cHL.

Time Donor Sources OS Grade 2-4 Acute GVHD (Day
+100), Cumulative Incidence (%)

Chronic GVHD,
Cumulative Incidence (%) Reference

1998-2007
MRD, n=38
MUD, n=24
Haplo, n=28

2-Year OS:
MRD: 53%
MUD: 58%
Haplo: 58%

MRD: 50%
MUD: 50%
Haplo: 43%

2-year CI:
MRD: 50%
MUD: 63%
Haplo: 35%

(105)

2000-2017
MRD, n=68
MUD, n=21
Haplo, n=24

2-year OS:
MRD: 44%
MUD: 15%
Haplo: 70%

Entire Cohort: 15%
1-year CI:

Entire Cohort: 24%
(97)

2008-2013* MRD, n=807
Haplo, n=180

3-year OS:
MRD: 62%
Haplo: 61%

MRD: 25%
Haplo: 27%

1-year CI:
MRD: 45%
Haplo: 12%

(106)

2009-2012 MRD/MUD, n=133
Haplo, n=65

2-year OS:
MRD/MUD: 63%

Haplo: 67%
MRD/MUD: 16%

Haplo: 15%

1-year CI:
MRD/MUD: 32%

Haplo: 18%
(107)

2009-2016*
Haplo BM, n=357
Haplo PB, n=169
UCB, n=214

4-Year OS:
Haplo BM: 58%
Haplo PB: 59%
UCB: 49%

Haplo BM: 20%
Haplo PB: 35%
UCB: 43%

4-year CI:
Haplo BM: 24%
Haplo PB: 32%
UCB: 28%

(108)

2010-2013
MRD, n=338
MUD, n=273
Haplo, n=98

2-Year OS:
MRD: 71%
MUD: 62%
Haplo: 67%

MRD: 18%
MUD: 30%
Haplo: 33%

1-year CI:
MRD: 25%
MUD: 41%
Haplo: 26%

(109)
GVHD, Graft-Versus-Host Disease; OS, Overall Survival; MRD, matched related donor; MUD, matched unrelated donor; Haplo, haploidentical donor; BM, bone marrow; PB, peripheral
blood; UCB, umbilical cord blood.
*Analysis also included patients with NHL.
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457 NHL and 283 HL patients undergoing haploidentical and

UCB alloHCT and showed improved outcomes with

haploidentical compared to UCB donors (4- year OS, 58-59%

vs. 49%, respectively, p=0.008) and grade 2-4 acute GVHD (43%

vs. 20% respectively, p<0.0001) (108). An RCT comparing haplo

identical vs. double UCB transplantation following RIC in

patients with hematologic malignancies included limited

numbers of patients with HL (18 out of 368 total patients) and

showed improved 2-year OS with haploidentical donors (haplo

57% vs. dUCB 46%, p=0.04) (110). These findings suggest

haploidentical transplantation with PTCy as a more favorable

alternative donor approach.
Conditioning for AlloHCT in cHL

There is no standard conditioning regimen for alloHCT in

HL, and both myeloablative conditioning (MAC) and

nonmyeloablative/reduced intensity conditioning (RIC) are

used. Older data describing transplants prior to 1996 suggested

intensifying conditioning did not improve outcomes (94). In the

early 2000s, there was considerable mortality risks for either–

MAC with 1-year TRM of 22% (111) and RIC with 1-year TRM

of 30% (112). The EBMT performed a retrospective analysis

including 168 cHL patients undergoing alloHCT between 1997

and 2001 analyzed by conditioning strategy (RIC, n = 89; MAC,

n = 79) that showed an OS benefit in patients receiving RIC (5-

year OS 28% vs. 22%, HR 1.62, p=0.04) (113).

A more contemporary retrospective analysis by the EBMT

has challenged their earlier findings. Genadieva-Stavrik et al.

retrospectively evaluated the impact of conditioning intensity in

312 HL patients undergoing alloHCT between 2006 and 2010

(RIC, n=249; MAC, n=63). With a median follow-up of 56

months, there were no significant 2-year OS differences between

RIC and MAC (62% vs. 73%, respectively, p=0.13) (114). The

disparate findings of the 2 EBMT cohorts are likely due to

improvements in transplant strategies, patient selection, and

supportive care. Additionally, the choice of a specific RIC

regimen did not have a clear impact on risk of relapse or OS

based on a recent CIBMTR analysis of 3 common RIC regimens

used in HL (fludarabine/busulfan, fludarabine/melphalan, or

fludarabine/cyclophosphamide) (115). These findings suggest

the selection of conditioning regimens must take multiple

patient-, disease- and donor-related factors into account, with

no single best approach for all patients.
Use of CPI before AlloHCT

The use of CPI in R/R cHL prior to alloHCT poses unique

challenges. Fatal hyper-acute GVHD (diagnosed within 14 days

after transplantation), non-infectious febrile episodes and other

immune-related adverse events have been noted in the peri-
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alloHCT period in CPI-exposed patients, owing to the long CPI

half-life and associated activation of cytokines and CD4+ helper

T lymphocytes (116–118). A 2019 meta-analysis by Ijaz et al.

evaluated 283 subjects that received peri-transplant CPIs and

showed that of the 107 subjects with pre-alloHCT CPI exposure,

7% developed hyperacute GVHD, 56% developed acute grade 2-

4 GVHD, and 29% developed chronic GVHD (117). A 2018

pooled analysis by Dada and Usman showed higher rates of

grade 3-4 acute GVHD in patients with pre-alloHCT CPI

exposure compared to historical controls with no CPI

exposure (28% vs. 8%, p=0.02) (119).

Efforts are ongoing to identify risk-mitigation strategies for

patients undergoing alloHCT after PD1-blockade. In an

international multi-center retrospective study, longer time interval

(> 80 days) between CPI and alloHCT was associated with less

frequent severe (grade 3-4) GVHD (HR 0.4, p=0.01) (120). GVHD

prophylaxis with PTCy was associated with improved 2 year-PFS

compared to no PTCy (80% for haplo donor with PTCy, 74% for

non-haplo donor with PTCy vs. 60% for non-haplo donor without

PTCy respectively, p=0.028). Nivolumab was found in blood

samples of alloHCT patients up to 56 days after its last dose, and

the T-cell activation due to ongoing nivolumab effects are able to be

mitigated by PTCy (121). In a Japanese cohort, PTCy reduced

GVHD incidence in CPI-exposed patients from 58% to 15% (122).

Considering the aforementioned, the use of PTCy as GVHD

prophylaxis is recommended for all patients with CPI exposure

prior to alloHCT to mitigate increased risk of GVHD and

improve outcomes.
AlloHCT as first transplant

Limited data exists for patients who proceed with alloHCT

in first response. This approach has been considered for

patients with PR as best response or those with highly

refractory disease requiring multiple lines of therapy. The

LWP-EBMT evaluated outcomes of 190 patients from 2000

to 2016 with high-risk disease defined as receipt of three of

more lines of treatment (59% with CR or PR prior to alloHCT,

22% with prior CPI exposure), undergoing a 10/10 MRD or

MUD alloHCT as first transplant (123). One-year NRM and 3-

year OS were 19% (95% CI 14–26%) and 58% (95% CI 51-

66%), respectively. Multivariable regression analysis identified

MAC with T-cell depletion as an independent predictor of

improved OS; recipient age and female donor to male recipient

were found to be predictors of worse OS. For a select subset of

patients having exhausted available therapies and lacking

clinical trial options, alloHCT with MAC is a potentially

curative treatment option.

We continue to explore new strategies to improve alloHCT

outcomes; building on the experience of maintenance BV in the

autoHCT setting, post-alloHCT BV maintenance is undergoing

evaluation as well (NCT03540849, NCT03652441).
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Conclusions

Despite significant advancements in the management of

HL, hematopoietic stem cell transplantation continues to

play an important therapeutic role for patients with

relapsed/refractory disease. Enhanced supportive care,

less toxic conditioning regimens and post-transplant

maintenance have improved transplant outcomes. With the

addition of novel, efficacious therapies in earlier lines of

cHL treatment, the role of hematopoietic stem cell

transplantation is evolving. Mounting data suggests a

chemo-sensitizing effect of pre-transplant PD-1 blockade

that may allow for broader use of autologous SCT and

attenuation of alloHCT in heavily pre-treated patients. For

the subset of patients considered for alloHCT, haploidentical

donors have expanded the donor pool and post-transplant

cyclophosphamide-based GVHD prophylactic regimens

have improved outcomes for haploidentical transplantation

and CPI-exposed patients . With the incorporation

o f combina t ion chemotherapy , nove l agen t s and

hematopoietic stem cell transplantation, the majority of

patients with R/R cHL enjoy favorable outcomes.
Frontiers in Oncology 11
Author contributions

All authors listed have made a substantial, direct, and

intellectual contribution to the work and approved it

for publication.
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.
Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed

or endorsed by the publisher.
References
1. Gordon LI, Hong F, Fisher RI, Bartlett NL, Connors JM, Gascoyne RD, et al.
Randomized phase III trial of ABVD versus Stanford V with or without radiation
therapy in locally extensive and advanced-stage Hodgkin lymphoma: an intergroup
study coordinated by the Eastern cooperative oncology group (E2496). J Clin Oncol
(2013) 31(6):684–91. doi: 10.1200/JCO.2012.43.4803

2. Johnson P, Federico M, Kirkwood A, Fossa A, Berkahn L, Carella A, et al.
Adapted treatment guided by interim PET-CT scan in advanced hodgkin's
lymphoma. N Engl J Med (2016) 374(25) :2419–29. doi : 10.1056/
NEJMoa1510093

3. Engert A, Plutschow A, Eich HT, Lohri A, Dorken B, Borchmann P, et al.
Reduced treatment intensity in patients with early-stage hodgkin's lymphoma. N Engl
J Med (2010) 363(7):640–52. doi: 10.1056/NEJMoa1000067

4. Straus DJ, Dlugosz-Danecka M, Connors JM, Alekseev S, Illes A, Picardi M,
et al. Brentuximab vedotin with chemotherapy for stage III or IV classical Hodgkin
lymphoma (ECHELON-1): 5-year update of an international, open-label,
randomised, phase 3 trial. Lancet Haematol (2021) 8(6):e410–e21. doi: 10.1016/
S2352-3026(21)00102-2

5. Ansell SM. Hodgkin Lymphoma: 2016 update on diagnosis, risk-
stratification, and management. Am J Hematol (2016) 91(4):434–42. doi:
10.1002/ajh.24272

6. Williams SF, Bitran JD. The role of high-dose therapy and autologous bone
marrow reinfusion in the treatment of hodgkin's disease. Hematol Oncol Clin North
Am (1989) 3(2):319–30. doi: 10.1016/S0889-8588(18)30559-8

7. Rancea M, Monsef I, von Tresckow B, Engert A, Skoetz N. High-dose
chemotherapy followed by autologous stem cell transplantation for patients with
relapsed/refractory Hodgkin lymphoma. Cochrane Database Syst Rev (2013) 6):
CD009411. doi: 10.1002/14651858.CD009411.pub2

8. Younes A, Gopal AK, Smith SE, Ansell SM, Rosenblatt JD, Savage KJ, et al.
Results of a pivotal phase II study of brentuximab vedotin for patients with relapsed
or refractory hodgkin's lymphoma. J Clin Oncol (2012) 30(18):2183–9. doi: 10.1200/
JCO.2011.38.0410

9. Armand P, Engert A, Younes A, Fanale M, Santoro A, Zinzani PL, et al.
Nivolumab for Relapsed/Refractory classic Hodgkin lymphoma after failure of
autologous hematopoietic cell transplantation: Extended follow-up of the
multicohort single-arm phase II CheckMate 205 trial. J Clin Oncol (2018) 36
(14):1428–39. doi: 10.1200/JCO.2017.76.0793
10. Chen R, Zinzani PL, Lee HJ, Armand P, Johnson NA, Brice P, et al.
Pembrolizumab in relapsed or refractory Hodgkin lymphoma: 2-year follow-up
of KEYNOTE-087. Blood (2019) 134(14):1144–53. doi: 10.1182/blood.2019000324

11. Brockelmann PJ, Muller H, Gillessen S, Yang X, Koeppel L, Pilz V, et al.
Clinical outcomes of relapsed and refractory Hodgkin lymphoma patients after
contemporary first-line treatment: a German Hodgkin study group analysis.
Leukemia (2022) 36(3):772–80. doi: 10.1038/s41375-021-01442-8

12. Auletta JJKJ, Chen M, Shaw BE. Current use and outcome of hematopoietic
stem cell transplantation: CIBMTR US summary slides. (2021).

13. Shah H, Jang H, Singh P, Kosti J, Kin A, Alavi A, et al. Improved post-ASCT
survival of relapsed/refractory classical Hodgkin lymphoma patients in the era of
novel agents . Leuk Lymphoma (2022) 63(4):813–20. doi: 10.1080/
10428194.2021.2002322

14. Ansell SM, Radford J, Connors JM, Dlugosz-Danecka M, Kim WS, Gallamini
A, et al. Overall survival with brentuximab vedotin in stage III or IV hodgkin's
lymphoma. N Engl J Med (2022) 387(4):310–20. doi: 10.1056/NEJMoa2206125

15. Andre MPE, Carde P, Viviani S, Bellei M, Fortpied C, Hutchings M, et al.
Long-term overall survival and toxicities of ABVD vs BEACOPP in advanced
Hodgkin lymphoma: A pooled analysis of four randomized trials. Cancer Med
(2020) 9(18):6565–75. doi: 10.1002/cam4.3298

16. Federico M, Bellei M, Brice P, Brugiatelli M, Nagler A, Gisselbrecht C, et al.
High-dose therapy and autologous stem-cell transplantation versus conventional
therapy for patients with advanced hodgkin's lymphoma responding to front-line
therapy. J Clin Oncol (2003) 21(12):2320–5. doi: 10.1200/JCO.2003.11.103

17. Carella AM, Bellei M, Brice P, Gisselbrecht C, Visani G, Colombat P, et al.
High-dose therapy and autologous stem cell transplantation versus conventional
therapy for patients with advanced hodgkin's lymphoma responding to front-line
therapy: long-term results. Haematologica (2009) 94(1):146–8. doi: 10.3324/
haematol.13484

18. Linch DC, Winfield D, Goldstone AH, Moir D, Hancock B, McMillan A,
et al. Dose intensification with autologous bone-marrow transplantation in
relapsed and resistant hodgkin's disease: results of a BNLI randomised trial.
Lancet (1993) 341(8852):1051–4. doi: 10.1016/0140-6736(93)92411-L

19. Schmitz N, Pfistner B, Sextro M, Sieber M, Carella AM, Haenel M, et al.
Aggressive conventional chemotherapy compared with high-dose chemotherapy
with autologous haemopoietic stem-cell transplantation for relapsed
frontiersin.org

https://doi.org/10.1200/JCO.2012.43.4803
https://doi.org/10.1056/NEJMoa1510093
https://doi.org/10.1056/NEJMoa1510093
https://doi.org/10.1056/NEJMoa1000067
https://doi.org/10.1016/S2352-3026(21)00102-2
https://doi.org/10.1016/S2352-3026(21)00102-2
https://doi.org/10.1002/ajh.24272
https://doi.org/10.1016/S0889-8588(18)30559-8
https://doi.org/10.1002/14651858.CD009411.pub2
https://doi.org/10.1200/JCO.2011.38.0410
https://doi.org/10.1200/JCO.2011.38.0410
https://doi.org/10.1200/JCO.2017.76.0793
https://doi.org/10.1182/blood.2019000324
https://doi.org/10.1038/s41375-021-01442-8
https://doi.org/10.1080/10428194.2021.2002322
https://doi.org/10.1080/10428194.2021.2002322
https://doi.org/10.1056/NEJMoa2206125
https://doi.org/10.1002/cam4.3298
https://doi.org/10.1200/JCO.2003.11.103
https://doi.org/10.3324/haematol.13484
https://doi.org/10.3324/haematol.13484
https://doi.org/10.1016/0140-6736(93)92411-L
https://doi.org/10.3389/fonc.2022.1054314
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Maranzano and Mead 10.3389/fonc.2022.1054314
chemosensitive hodgkin's disease: a randomised trial. Lancet (2002) 359
(9323):2065–71. doi: 10.1016/S0140-6736(02)08938-9

20. Moskowitz AJ, Yahalom J, Kewalramani T, Maragulia JC, Vanak JM,
Zelenetz AD, et al. Pretransplantation functional imaging predicts outcome
following autologous stem cell transplantation for relapsed and refractory
Hodgkin lymphoma. Blood (2010) 116(23):4934–7. doi: 10.1182/blood-2010-05-
282756

21. Devillier R, Coso D, Castagna L, Brenot Rossi I, Anastasia A, Chiti A, et al.
Positron emission tomography response at the time of autologous stem cell
transplantation predicts outcome of patients with relapsed and/or refractory
hodgkin's lymphoma responding to prior salvage therapy. Haematologica (2012)
97(7):1073–9. doi: 10.3324/haematol.2011.056051

22. Jabbour E, Hosing C, Ayers G, Nunez R, Anderlini P, Pro B, et al.
Pretransplant positive positron emission tomography/gallium scans predict poor
outcome in patients with recurrent/refractory Hodgkin lymphoma. Cancer (2007)
109(12):2481–9. doi: 10.1002/cncr.22714

23. Proctor SJ, Wilkinson J, Sieniawski M. Hodgkin Lymphoma in the elderly: a
clinical review of treatment and outcome, past, present and future. Crit Rev Oncol
Hematol (2009) 71(3):222–32. doi: 10.1016/j.critrevonc.2008.12.007

24. Derman BA, Kordas K, Molloy E, Chow S, Dale W, Jakubowiak AJ, et al.
Recommendations and outcomes from a geriatric assessment guided
multidisciplinary clinic prior to autologous stem cell transplant in older patients.
J Geriatr Oncol (2021) 12(4):585–91. doi: 10.1016/j.jgo.2020.10.019

25. Sorror ML, Maris MB, Storb R, Baron F, Sandmaier BM, Maloney DG, et al.
Hematopoietic cell transplantation (HCT)-specific comorbidity index: a new tool
for risk assessment before allogeneic HCT. Blood (2005) 106(8):2912–9. doi:
10.1182/blood-2005-05-2004

26. Sorror ML, Logan BR, Zhu X, Rizzo JD, Cooke KR, McCarthy PL, et al.
Prospective validation of the predictive power of the hematopoietic cell
transplantation comorbidity index: A center for international blood and marrow
transplant research study. Biol Blood Marrow Transpl (2015) 21(8):1479–87. doi:
10.1016/j.bbmt.2015.04.004

27. Puig N, Pintilie M, Seshadri T, al-Farsi K, Franke N, Keating A, et al. High-
dose chemotherapy and auto-SCT in elderly patients with hodgkin's lymphoma.
Bone Marrow Transpl (2011) 46(10):1339–44. doi: 10.1038/bmt.2010.294

28. Stamatoullas A, Brice P, Gueye MS, Mareschal S, Chevallier P, Bouabdallah
R, et al. Autologous stem cell transplantation for patients aged 60 years or older
with refractory or relapsed classical hodgkin's lymphoma: a retrospective analysis
from the French society of bone marrow transplantation and cell therapies (SFGM-
TC). Bone Marrow Transpl (2016) 51(7):928–32. doi: 10.1038/bmt.2016.76

29. Singer S, Dean R, Zhao Q, Sharma N, Abounader D, Elder P, et al. BEAM
versus BUCYVP16 conditioning before autologous hematopoietic stem cell
transplant in patients with Hodgkin lymphoma. Biol Blood Marrow Transpl
(2019) 25(6):1107–15. doi: 10.1016/j.bbmt.2019.01.032

30. Dahi PB, Lee J, Devlin SM, Ruiz J, Maloy M, Rondon-Clavo C, et al.
Toxicities of high-dose chemotherapy and autologous hematopoietic cell
transplantation in older patients with lymphoma. Blood Adv (2021) 5(12):2608–
18. doi: 10.1182/bloodadvances.2020004167

31. McCarthy PLJr., Hahn T, Hassebroek A, Bredeson C, Gajewski J, Hale G,
et al. Trends in use of and survival after autologous hematopoietic cell
transplantation in north America, 1995-2005: significant improvement in
survival for lymphoma and myeloma during a period of increasing recipient age.
Biol Blood Marrow Transpl (2013) 19(7):1116–23. doi: 10.1016/j.bbmt.2013.04.027

32. Graf SA, Vaughn JE, Chauncey TR, Storer BE, Gopal AK, Holmberg LA,
et al. Comorbidities, alcohol use disorder, and age predict outcomes after
autologous hematopoietic cell transplantation for lymphoma. Biol Blood Marrow
Transpl (2016) 22(9):1582–7. doi: 10.1016/j.bbmt.2016.06.007

33. Castagna L, Santoro A, Carlo-Stella C. Salvage therapy for hodgkin's
lymphoma: A review of current regimens and outcomes. J Blood Med (2020)
11:389–403. doi: 10.2147/JBM.S250581

34. Josting A, Rudolph C, Reiser M, Mapara M, Sieber M, Kirchner HH, et al.
Time-intensified dexamethasone/cisplatin/cytarabine: an effective salvage therapy
with low toxicity in patients with relapsed and refractory hodgkin's disease. Ann
Oncol (2002) 13(10):1628–35. doi: 10.1093/annonc/mdf221

35. Labrador J, Cabrero-Calvo M, Perez-Lopez E, Mateos MV, Vazquez L,
Caballero MD, et al. ESHAP as salvage therapy for relapsed or refractory hodgkin's
lymphoma. Ann Hematol (2014) 93(10):1745–53. doi: 10.1007/s00277-014-2114-0

36. Moskowitz CH, Nimer SD, Zelenetz AD, Trippett T, Hedrick EE, Filippa
DA, et al. A 2-step comprehensive high-dose chemoradiotherapy second-line
program for relapsed and refractory Hodgkin disease: analysis by intent to treat
and development of a prognostic model. Blood (2001) 97(3):616–23. doi: 10.1182/
blood.V97.3.616

37. Baetz T, Belch A, Couban S, Imrie K, Yau J, Myers R, et al. Gemcitabine,
dexamethasone and cisplatin is an active and non-toxic chemotherapy regimen in
relapsed or refractory hodgkin's disease: a phase II study by the national cancer
Frontiers in Oncology 12
institute of Canada clinical trials group. Ann Oncol (2003) 14(12):1762–7. doi:
10.1093/annonc/mdg496

38. Santoro A, Magagnoli M, Spina M, Pinotti G, Siracusano L, Michieli M, et al.
Ifosfamide, gemcitabine, and vinorelbine: a new induction regimen for refractory
and relapsed hodgkin's lymphoma. Haematologica (2007) 92(1):35–41. doi:
10.3324/haematol.10661

39. Herrera AF, Palmer J, Martin P, Armenian S, Tsai NC, Kennedy N, et al.
Autologous stem-cell transplantation after second-line brentuximab vedotin in
relapsed or refractory Hodgkin lymphoma. Ann Oncol (2018) 29(3):724–30. doi:
10.1093/annonc/mdx791

40. LaCasce AS, Bociek RG, Sawas A, Caimi P, Agura E, Matous J, et al.
Brentuximab vedotin plus bendamustine: a highly active first salvage regimen for
relapsed or refractory Hodgkin lymphoma. Blood (2018) 132(1):40–8. doi: 10.1182/
blood-2017-11-815183

41. Broccoli A, Argnani L, Botto B, Corradini P, Pinto A, Re A, et al. First
salvage treatment with bendamustine and brentuximab vedotin in Hodgkin
lymphoma: a phase 2 study of the fondazione italiana linfomi. Blood Cancer J
(2019) 9(12):100. doi: 10.1038/s41408-019-0265-x

42. Lynch RC, Cassaday RD, Smith SD, Fromm JR, Cowan AJ, Warren EH,
et al. Dose-dense brentuximab vedotin plus ifosfamide, carboplatin, and etoposide
for second-line treatment of relapsed or refractory classical Hodgkin lymphoma: a
single centre, phase 1/2 study. Lancet Haematol (2021) 8(8):e562–e71. doi: 10.1016/
S2352-3026(21)00170-8

43. Abuelgasim KA, Alzahrani M, Alsharhan Y, Khairi M, Hommady M, Gmati
G, et al. Chemoimmunotherapy with brentuximab vedotin combined with
ifosfamide, gemcitabine, and vinorelbine is highly active in relapsed or refractory
classical Hodgkin lymphoma. Bone Marrow Transpl (2019) 54(7):1168–72. doi:
10.1038/s41409-019-0454-z

44. Garcia-Sanz R, Sureda A, de la Cruz F, Canales M, Gonzalez AP, Pinana JL,
et al. Brentuximab vedotin and ESHAP is highly effective as second-line therapy for
Hodgkin lymphoma patients (long-term results of a trial by the Spanish
GELTAMO group). Ann Oncol (2019) 30(4):612–20. doi: 10.1093/annonc/mdz009

45. Desai S, Spinner MA, David KA, Bachanova V, Goyal G, Saba R, et al.
Outcomes of classic Hodgkin lymphoma, relapsed within one year of diagnosis, in
the era of novel agents. J Clin Oncol (2022) 40(16):7515–. doi: 10.1200/
JCO.2022.40.16_suppl.7515

46. Merryman RW, Redd RA, Nishihori T, Chavez J, Nieto Y, Darrah JM, et al.
Autologous stem cell transplantation after anti-PD-1 therapy for multiply relapsed
or refractory Hodgkin lymphoma. Blood Adv (2021) 5(6):1648–59. doi: 10.1182/
bloodadvances.2020003556

47. Mei MG, Lee HJ, Palmer JM, Chen R, Tsai NC, Chen L, et al. Response-
adapted anti-PD-1-based salvage therapy for Hodgkin lymphoma with nivolumab
alone or in combination with ICE. Blood (2022) 139(25):3605–16. doi: 10.1182/
blood.2022015423

48. Bai B, Wang X-X, Gao Y, Li P-F, He H-X, Ping L-Q, et al. Prior anti-PD-1
therapy as a risk factor for life-threatening peri-engraftment respiratory distress
syndrome in patients undergoing autologous stem cell transplantation. Bone
Marrow Transplantation (2021) 56(5):1151–8. doi: 10.1038/s41409-020-01164-y

49. Moskowitz AJ, Shah G, Schoder H, Ganesan N, Drill E, Hancock H, et al.
Phase II trial of pembrolizumab plus gemcitabine, vinorelbine, and liposomal
doxorubicin as second-line therapy for relapsed or refractory classical Hodgkin
lymphoma. J Clin Oncol (2021) 39(28):3109–17. doi: 10.1200/JCO.21.01056

50. Bryan LJ, Casulo C, Allen P, Smith SE, Savas H, Karmali R, et al.
Pembrolizumab (PEM) added to ICE chemotherapy results in high complete
metabolic response rates in Relapsed/Refractory classic Hodgkin lymphoma (cHL):
A multi-institutional phase II trial. Blood (2021) 138(Supplement 1):229. doi:
10.1182/blood-2021-145111

51. Advani RH, Moskowitz AJ, Bartlett NL, Vose JM, Ramchandren R, Feldman
TA, et al. Brentuximab vedotin in combination with nivolumab in relapsed or
refractory Hodgkin lymphoma: 3-year study results. Blood (2021) 138(6):427–38.
doi: 10.1182/blood.2020009178

52. Chen R, Gopal AK, Smith SE, Ansell SM, Rosenblatt JD, Savage KJ, et al.
Five-year survival and durability results of brentuximab vedotin in patients with
relapsed or refractory Hodgkin lymphoma. Blood (2016) 128(12):1562–6. doi:
10.1182/blood-2016-02-699850

53. Constine LS, Yahalom J, Ng AK, Hodgson DC, Wirth A, Milgrom SA, et al.
The role of radiation therapy in patients with relapsed or refractory Hodgkin
lymphoma: Guidelines from the international lymphoma radiation oncology
group. Int J Radiat Oncol Biol Phys (2018) 100(5):1100–18. doi: 10.1016/
j.ijrobp.2018.01.011

54. Wilke C, Cao Q, Dusenbery KE, Bachanova V, Lazaryan A, Lee CK, et al.
Role of consolidative radiation therapy after autologous hematopoietic cell
transplantation for the treatment of relapsed or refractory Hodgkin
lymphoma. Int J Radiat Oncol Biol Phys (2017) 99(1):94–102. doi: 10.1016/
j.ijrobp.2017.05.007
frontiersin.org

https://doi.org/10.1016/S0140-6736(02)08938-9
https://doi.org/10.1182/blood-2010-05-282756
https://doi.org/10.1182/blood-2010-05-282756
https://doi.org/10.3324/haematol.2011.056051
https://doi.org/10.1002/cncr.22714
https://doi.org/10.1016/j.critrevonc.2008.12.007
https://doi.org/10.1016/j.jgo.2020.10.019
https://doi.org/10.1182/blood-2005-05-2004
https://doi.org/10.1016/j.bbmt.2015.04.004
https://doi.org/10.1038/bmt.2010.294
https://doi.org/10.1038/bmt.2016.76
https://doi.org/10.1016/j.bbmt.2019.01.032
https://doi.org/10.1182/bloodadvances.2020004167
https://doi.org/10.1016/j.bbmt.2013.04.027
https://doi.org/10.1016/j.bbmt.2016.06.007
https://doi.org/10.2147/JBM.S250581
https://doi.org/10.1093/annonc/mdf221
https://doi.org/10.1007/s00277-014-2114-0
https://doi.org/10.1182/blood.V97.3.616
https://doi.org/10.1182/blood.V97.3.616
https://doi.org/10.1093/annonc/mdg496
https://doi.org/10.3324/haematol.10661
https://doi.org/10.1093/annonc/mdx791
https://doi.org/10.1182/blood-2017-11-815183
https://doi.org/10.1182/blood-2017-11-815183
https://doi.org/10.1038/s41408-019-0265-x
https://doi.org/10.1016/S2352-3026(21)00170-8
https://doi.org/10.1016/S2352-3026(21)00170-8
https://doi.org/10.1038/s41409-019-0454-z
https://doi.org/10.1093/annonc/mdz009
https://doi.org/10.1200/JCO.2022.40.16_suppl.7515
https://doi.org/10.1200/JCO.2022.40.16_suppl.7515
https://doi.org/10.1182/bloodadvances.2020003556
https://doi.org/10.1182/bloodadvances.2020003556
https://doi.org/10.1182/blood.2022015423
https://doi.org/10.1182/blood.2022015423
https://doi.org/10.1038/s41409-020-01164-y
https://doi.org/10.1200/JCO.21.01056
https://doi.org/10.1182/blood-2021-145111
https://doi.org/10.1182/blood.2020009178
https://doi.org/10.1182/blood-2016-02-699850
https://doi.org/10.1016/j.ijrobp.2018.01.011
https://doi.org/10.1016/j.ijrobp.2018.01.011
https://doi.org/10.1016/j.ijrobp.2017.05.007
https://doi.org/10.1016/j.ijrobp.2017.05.007
https://doi.org/10.3389/fonc.2022.1054314
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Maranzano and Mead 10.3389/fonc.2022.1054314
55. Osmani AH, Khafaga Y, Rauf MS, Maghfoor I, Akhtar S. Impact of radiation
therapy after high dose chemotherapy and autologous hematopoietic stem cell
transplantation in patients with Relapsed/Refractory lymphomas: A single center
experience. Clin Lymphoma Myeloma Leuk (2022) 22(3):e149–e60. doi: 10.1016/
j.clml.2021.09.003

56. Bröckelmann P, Bühnen I, Zijlstra J, Fossa A, Meissner J, Mathas S, et al.
S203: Abscopal effect of radiotherapy and nivolumab in relapsed or refractory
hodgkin lymphoma: pre-planned interim analysis of the international ghsg phase ii
aern trial. HemaSphere (2022) 6:104–5. doi: 10.1097/01.HS9.0000843704.08384.3e

57. Benekli M, Smiley SL, Younis T, Czuczman MS, Hernandez-Ilizaliturri F,
Bambach B, et al. Intensive conditioning regimen of etoposide (VP-16),
cyclophosphamide and carmustine (VCB) followed by autologous hematopoietic
stem cell transplantation for relapsed and refractory hodgkin's lymphoma. Bone
Marrow Transpl (2008) 41(7):613–9. doi: 10.1038/sj.bmt.1705951

58. Nieto Y, Thall PF, Ma J, Valdez BC, Ahmed S, Anderlini P, et al. Phase II
trial of high-dose Gemcitabine/Busulfan/Melphalan with autologous stem cell
transplantation for primary refractory or poor-risk relapsed Hodgkin lymphoma.
Biol Blood Marrow Transpl (2018) 24(8):1602–9. doi: 10.1016/j.bbmt.2018.02.020

59. Chen YB, Lane AA, Logan B, Zhu X, Akpek G, Aljurf M, et al. Impact of
conditioning regimen on outcomes for patients with lymphoma undergoing high-
dose therapy with autologous hematopoietic cell transplantation. Biol Blood
Marrow Transpl (2015) 21(6):1046–53. doi: 10.1016/j.bbmt.2015.02.005

60. Visani G, Malerba L, Stefani PM, Capria S, Galieni P, Gaudio F, et al.
BeEAM (bendamustine, etoposide, cytarabine, melphalan) before autologous stem
cell transplantation is safe and effective for resistant/relapsed lymphoma patients.
Blood (2011) 118(12):3419–25. doi: 10.1182/blood-2011-04-351924

61. Sellner L, Boumendil A, Finel H, Choquet S, de Rosa G, Falzetti F, et al.
Thiotepa-based high-dose therapy for autologous stem cell transplantation in
lymphoma: a retrospective study from the EBMT. Bone Marrow Transpl (2016)
51(2):212–8. doi: 10.1038/bmt.2015.273

62. Dulery R, Lebras L, Choquet S, Di Blasi R, AL Jijakli AK, Heuberger L, et al.
TEAM conditioning (Thiotepa, etoposide, cytarabine, melphalan) prior to
autologous hematopoietic stem cell transplantation for Hodgkin and non-
Hodgkin lymphoma: Final results from a prospective multicenter study. Blood
(2019) 134(Supplement_1):786. doi: 10.1182/blood-2019-130651

63. Joffe E, Rosenberg D, Rozovski U, Perry C, Kirgner I, Trestman S, et al.
Replacing carmustine by thiotepa and cyclophosphamide for autologous stem cell
transplantation in hodgkin's and non-hodgkin's b-cell lymphoma. Bone Marrow
Transpl (2018) 53(1):29–33. doi: 10.1038/bmt.2017.205

64. Reid RM, Baran A, Friedberg JW, Phillips GL, 2nd, Liesveld JL, Becker MW,
et al. Outpatient administration of BEAM conditioning prior to autologous stem
cell transplantation for lymphoma is safe, feasible, and cost-effective. Cancer Med
(2016) 5(11):3059–67. doi: 10.1002/cam4.879

65. Cazeau N, Cavalier K, Bhatt V, McElrath C, Lestrange N, Lachaud-Richard
M, et al. Outpatient BEAM using daily etoposide and cytarabine with autologous
hematopoietic stem cell transplantation for lymphoma is feasible and decreases
inpatient length of stay. Blood (2019) 134(Supplement_1):5830. doi: 10.1182/
blood-2019-127402

66. Cavalier K, Cazeau N, Bhatt V, McElrath C, LeStrange NJ, Lachaud-Richard
M, et al. Feasibility of and decreased inpatient hospital days for non-Hodgkin
lymphoma (NHL) and Hodgkin lymphoma (HL) patients with outpatient BEAM
using daily etoposide and cytarabine and autologous hematopoietic stem cell
transplantation (AHCT). Biol Blood Marrow Transplantation (2020) 26(3):S159–
S60. doi: 10.1016/j.bbmt.2019.12.712

67. Owattanapanich W, Suphadirekkul K, Kunacheewa C, Ungprasert P,
Prayongratana K. Risk of febrile neutropenia among patients with multiple
myeloma or lymphoma who undergo inpatient versus outpatient autologous
stem cell transplantation: a systematic review and meta-analysis. BMC Cancer
(2018) 18(1):1126. doi: 10.1186/s12885-018-5054-6

68. Friend BD, Muhsen IN, Patel S, Hill LC, Lulla P, Ramos CA, et al. Rituximab
as adjunctive therapy to BEAM conditioning for autologous stem cell
transplantation in Hodgkin lymphoma. Bone Marrow Transpl (2022) 57(4):579–
85. doi: 10.1038/s41409-022-01599-5

69. Castagna L, Magagnoli M, Balzarotti M, Sarina B, Siracusano L, Nozza A,
et al. Tandem high-dose chemotherapy and autologous stem cell transplantation in
refractory/relapsed hodgkin's lymphoma: a monocenter prospective study. Am J
Hematol (2007) 82(2):122–7. doi: 10.1002/ajh.20790

70. Sibon D, Morschhauser F, Resche-Rigon M, Ghez D, Dupuis J, Marcais A,
et al. Single or tandem autologous stem-cell transplantation for first-relapsed or
refractory Hodgkin lymphoma: 10-year follow-up of the prospective H96 trial by
the LYSA/SFGM-TC study group. Haematologica (2016) 101(4):474–81. doi:
10.3324/haematol.2015.136408

71. Smith EP, Li H, Friedberg JW, Constine LS, Rimsza LM, Cook JR, et al.
Tandem autologous hematopoietic cell transplantation for patients with primary
progressive or recurrent Hodgkin lymphoma: A SWOG and blood and marrow
Frontiers in Oncology 13
transplant clinical trials network phase II trial (SWOG S0410/BMT CTN 0703).
Biol Blood Marrow Transpl (2018) 24(4):700–7. doi: 10.1016/j.bbmt.2017.12.798

72. Perales MA, Ceberio I, Armand P, Burns LJ, Chen R, Cole PD, et al. Role of
cytotoxic therapy with hematopoietic cell transplantation in the treatment of
Hodgkin lymphoma: guidelines from the American society for blood and
marrow transplantation. Biol Blood Marrow Transpl (2015) 21(6):971–83. doi:
10.1016/j.bbmt.2015.02.022

73. Myers RM, Hill BT, Shaw BE, Kim S, Millard HR, Battiwalla M, et al. Long-
term outcomes among 2-year survivors of autologous hematopoietic cell
transplantation for Hodgkin and diffuse large b-cell lymphoma. Cancer (2018)
124(4):816–25. doi: 10.1002/cncr.31114

74. Eskian M, Khorasanizadeh M, Isidori A, Rezaei N. Radioimmunotherapy-
based conditioning regimen prior to autologous stem cell transplantation in non-
Hodgkin lymphoma. Int J Hematol Oncol (2018) 7(1):IJH01. doi: 10.2217/ijh-2017-
0025

75. Yang XX, Zhang PL, Cao Y, Wang J, Zhou M, Li CR, et al. Autologous
hematopoietic stem cell transplantation in tandem with anti-CD30 CAR T-cell
infusion in relapsed/refractory CD30(+) lymphoma. J Clin Oncol (2022) 40
(16):7532. doi: 10.1200/JCO.2022.40.16_suppl.7532

76. Kewalramani T, Nimer SD, Zelenetz AD, Malhotra S, Qin J, Yahalom J, et al.
Progressive disease following autologous transplantation in patients with
chemosensitive relapsed or primary refractory hodgkin's disease or aggressive
non-hodgkin's lymphoma. Bone Marrow Transpl (2003) 32(7):673–9. doi: 10.1038/
sj.bmt.1704214

77. Nieto Y, Gruschkus S, Valdez BC, Jones RB, Anderlini P, Hosing C, et al.
Improved outcomes of high-risk relapsed Hodgkin lymphoma patients after high-
dose chemotherapy: a 15-year analysis. Haematologica (2022) 107(4):899–908. doi:
10.3324/haematol.2021.278311

78. Yhim HY, Eshet Y, Metser U, Lajkosz K, Cooper M, Prica A, et al. Risk
stratification for relapsed/refractory classical Hodgkin lymphoma integrating
pretransplant deauville score and residual metabolic tumor volume. Am J
Hematol (2022) 97(5):583–91. doi: 10.1002/ajh.26500

79. Moskowitz CH, Nademanee A, Masszi T, Agura E, Holowiecki J, Abidi MH,
et al. Brentuximab vedotin as consolidation therapy after autologous stem-cell
transplantation in patients with hodgkin's lymphoma at risk of relapse or
progression (AETHERA): a randomised, double-blind, placebo-controlled, phase
3 trial. Lancet (2015) 385(9980):1853–62. doi: 10.1016/S0140-6736(15)60165-9

80. Moskowitz CH, Walewski J, Nademanee A, Masszi T, Agura E, Holowiecki
J, et al. Five-year PFS from the AETHERA trial of brentuximab vedotin for
Hodgkin lymphoma at high risk of progression or relapse. Blood (2018) 132
(25):2639–42. doi: 10.1182/blood-2018-07-861641

81. Akay OM, Ozbalak M, Pehlivan M, Yildiz B, Uzay A, Yigenoglu TN, et al.
Brentuximab vedotin consolidation therapy after autologous stem-cell
transplantation in patients with high-risk Hodgkin lymphoma: Multicenter
retrospective study. Hematol Oncol (2021) 39(4):498–505. doi: 10.1002/hon.2897

82. Marouf A, Cottereau AS, Kanoun S, Deschamps P, Meignan M, Franchi P,
et al. Outcomes of refractory or relapsed Hodgkin lymphoma patients with post-
autologous stem cell transplantation brentuximab vedotin maintenance: a French
multicenter observational cohort study. Haematologica (2022) 107(7):1681–6. doi:
10.3324/haematol.2021.279564

83. Hui L, von Keudell G, Wang R, Zeidan AM, Gore SD, Ma X, et al. Cost-
effectiveness analysis of consolidation with brentuximab vedotin for high-risk
Hodgkin lymphoma after autologous stem cell transplantation. Cancer (2017) 123
(19):3763–71. doi: 10.1002/cncr.30818

84. Scheckel C, Abeykoon JP, Childs DS, Higgins A, Hwang SR, Barreto J, et al.
PJP pneumonia in brentuximab vedotin recipients. J Clin Oncol (2022) 40(16):
e19533–e. doi: 10.1200/JCO.2022.40.16_suppl.e19533

85. Kort J, Chidiac A, El Sayed R, Massoud R, Nehme R, Bazarbachi A, et al.
Safety and efficacy of four cycles of brentuximab vedotin as consolidation after
autologous peripheral stem cell transplantation in relapsed/refractory Hodgkin
lymphoma. Leuk Lymphoma (2020) 61(7) :1732–5 . doi : 10 .1080/
10428194.2020.1728755

86. Kanate AS, Kumar A, Dreger P, Dreyling M, Le Gouill S, Corradini P, et al.
Maintenance therapies for Hodgkin and non-Hodgkin lymphomas after
autologous transplantation: A consensus project of ASBMT, CIBMTR, and the
lymphoma working party of EBMT. JAMA Oncol (2019) 5(5):715–22. doi: 10.1001/
jamaoncol.2018.6278

87. Armand P, Chen YB, Redd RA, Joyce RM, Bsat J, Jeter E, et al. PD-1
blockade with pembrolizumab for classical Hodgkin lymphoma after autologous
stem cell transplantation. Blood (2019) 134(1):22–9. doi: 10.1182/blood.2019000215

88. Bachier C, Schade H, Zoghi B, Ramakrishnan A, Shah NN. A phase II single
arm study of nivolumab as maintenance therapy after autologous stem cell
transplantation in patients with Hodgkin lymphoma at risk of relapse or
progression. Blood (2021) 138(Supplement 1):2455. doi: 10.1182/blood-2021-148139
frontiersin.org

https://doi.org/10.1016/j.clml.2021.09.003
https://doi.org/10.1016/j.clml.2021.09.003
https://doi.org/10.1097/01.HS9.0000843704.08384.3e
https://doi.org/10.1038/sj.bmt.1705951
https://doi.org/10.1016/j.bbmt.2018.02.020
https://doi.org/10.1016/j.bbmt.2015.02.005
https://doi.org/10.1182/blood-2011-04-351924
https://doi.org/10.1038/bmt.2015.273
https://doi.org/10.1182/blood-2019-130651
https://doi.org/10.1038/bmt.2017.205
https://doi.org/10.1002/cam4.879
https://doi.org/10.1182/blood-2019-127402
https://doi.org/10.1182/blood-2019-127402
https://doi.org/10.1016/j.bbmt.2019.12.712
https://doi.org/10.1186/s12885-018-5054-6
https://doi.org/10.1038/s41409-022-01599-5
https://doi.org/10.1002/ajh.20790
https://doi.org/10.3324/haematol.2015.136408
https://doi.org/10.1016/j.bbmt.2017.12.798
https://doi.org/10.1016/j.bbmt.2015.02.022
https://doi.org/10.1002/cncr.31114
https://doi.org/10.2217/ijh-2017-0025
https://doi.org/10.2217/ijh-2017-0025
https://doi.org/10.1200/JCO.2022.40.16_suppl.7532
https://doi.org/10.1038/sj.bmt.1704214
https://doi.org/10.1038/sj.bmt.1704214
https://doi.org/10.3324/haematol.2021.278311
https://doi.org/10.1002/ajh.26500
https://doi.org/10.1016/S0140-6736(15)60165-9
https://doi.org/10.1182/blood-2018-07-861641
https://doi.org/10.1002/hon.2897
https://doi.org/10.3324/haematol.2021.279564
https://doi.org/10.1002/cncr.30818
https://doi.org/10.1200/JCO.2022.40.16_suppl.e19533
https://doi.org/10.1080/10428194.2020.1728755
https://doi.org/10.1080/10428194.2020.1728755
https://doi.org/10.1001/jamaoncol.2018.6278
https://doi.org/10.1001/jamaoncol.2018.6278
https://doi.org/10.1182/blood.2019000215
https://doi.org/10.1182/blood-2021-148139
https://doi.org/10.3389/fonc.2022.1054314
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Maranzano and Mead 10.3389/fonc.2022.1054314
89. Herrera AF, Chen L, Nieto Y, Holmberg L, Johnston PB, Mei M, et al.
Consolidation with nivolumab and brentuximab vedotin after autologous
hematopoietic cell transplantation in patients with high-risk Hodgkin
lymphoma. Blood (2020) 136:19–20. doi: 10.1182/blood-2020-136384

90. Shea L, Watkins MP, Wan F, Cashen AF, Wagner-Johnston ND, Jacoby
MA, et al. A pilot study of lenalidomide maintenance therapy after autologous
transplantation in relapsed or refractory classical Hodgkin lymphoma. Biol Blood
Marrow Transpl (2020) 26(12):2223–8. doi: 10.1016/j.bbmt.2020.08.017

91. Butcher BW, Collins RHJr. The graft-versus-lymphoma effect: clinical
review and future opportunities. Bone Marrow Transpl (2005) 36(1):1–17. doi:
10.1038/sj.bmt.1705008

92. Brierley CK, Jones FM, Hanlon K, Peniket AJ, Hatton C, Collins GP, et al.
Impact of graft-versus-lymphoma effect on outcomes after reduced intensity
conditioned-alemtuzumab allogeneic haematopoietic stem cell transplantation
for patients with mature lymphoid malignancies. Br J Haematol (2019) 184
(4):547–57. doi: 10.1111/bjh.15685

93. Akpek G, Ambinder RF, Piantadosi S, Abrams RA, Brodsky RA, Vogelsang
GB, et al. Long-term results of blood and marrow transplantation for hodgkin's
lymphoma. J Clin Oncol (2001) 19(23):4314–21. doi: 10.1200/JCO.2001.19.23.4314

94. Milpied N, Fielding AK, Pearce RM, Ernst P, Goldstone AH. Allogeneic
bone marrow transplant is not better than autologous transplant for patients with
relapsed hodgkin's disease. European group for blood and bone marrow
transplantation. J Clin Oncol (1996) 14(4):1291–6. doi: 10.1200/JCO.1996.14.4.1291

95. Martinez C, Canals C, Sarina B, Alessandrino EP, Karakasis D, Pulsoni A,
et al. Identification of prognostic factors predicting outcome in hodgkin's lymphoma
patients relapsing after autologous stem cell transplantation. Ann Oncol (2013) 24
(9):2430–4. doi: 10.1093/annonc/mdt206

96. Sureda A, Genadieva Stavrik S, Boumendil A, Finel H, Khvedelidze I,
Dietricht S, et al. Changes in patients population and characteristics of
hematopoietic stem cell transplantation for relapsed/refractory Hodgkin
lymphoma: an analysis of the lymphoma working party of the EBMT. Bone
Marrow Transpl (2020) 55(11):2170–9. doi: 10.1038/s41409-020-0929-y

97. Rivas MM, Berro M, Prates MV, Yantorno S, Fiad L, Arbelbide JA, et al.
Allogeneic stem cell transplantation improves survival in relapsed Hodgkin
lymphoma patients achieving complete remission after salvage treatment. Bone
Marrow Transpl (2020) 55(1):117–25. doi: 10.1038/s41409-019-0640-z

98. Ramos CA, Grover NS, Beaven AW, Lulla PD, Wu MF, Ivanova A, et al.
Anti-CD30 CAR-T cell therapy in relapsed and refractory Hodgkin lymphoma. J
Clin Oncol (2020) 38(32):3794–804. doi: 10.1200/JCO.20.01342

99. Ahmed SF, IW, Mei M, Riedell PA, Armand P, Grover NS, Balyan R, et al.
Updated results and correlative analysis: Autologous CD30.CAR-T-Cell therapy in
patients with relapsed or refractory classical Hodgkin lymphoma (CHARIOT trial),
Blood, (2022) 140:7496–7.

100. Petersdorf EW, Gooley TA, Anasetti C, Martin PJ, Smith AG, Mickelson
EM, et al. Optimizing outcome after unrelated marrow transplantation by
comprehensive matching of HLA class I and II alleles in the donor and
recipient. Blood (1998) 92(10):3515–20. doi: 10.1182/blood.V92.10.3515

101. Morishima Y, Kashiwase K, Matsuo K, Azuma F, Morishima S, Onizuka
M, et al. Biological significance of HLA locus matching in unrelated donor bone
marrow transplantation. Blood (2015) 125(7):1189–97. doi: 10.1182/blood-2014-
10-604785

102. Lee SJ, Klein J, Haagenson M, Baxter-Lowe LA, Confer DL, Eapen M, et al.
High-resolution donor-recipient HLA matching contributes to the success of
unrelated donor marrow transplantation. Blood (2007) 110(13):4576–83. doi:
10.1182/blood-2007-06-097386

103. Gragert L, Eapen M, Williams E, Freeman J, Spellman S, Baitty R, et al.
HLAmatch likelihoods for hematopoietic stem-cell grafts in the U.S. registry.N Engl J
Med (2014) 371(4):339–48. doi: 10.1056/NEJMsa1311707

104. Bachanova V, Burns LJ, Wang T, Carreras J, Gale RP, Wiernik PH, et al.
Alternative donors extend transplantation for patients with lymphoma who lack an
HLA matched donor. Bone Marrow Transpl (2015) 50(2):197–203. doi: 10.1038/
bmt.2014.259

105. Burroughs LM, O'Donnell PV, Sandmaier BM, Storer BE, Luznik L,
Symons HJ, et al. Comparison of outcomes of HLA-matched related, unrelated, or
HLA-haploidentical related hematopoietic cell transplantation following
nonmyeloablative conditioning for relapsed or refractory Hodgkin lymphoma. Biol
Blood Marrow Transpl (2008) 14(11):1279–87. doi: 10.1016/j.bbmt.2008.08.014

106. Ghosh N, Karmali R, Rocha V, Ahn KW, DiGilio A, Hari PN, et al.
Reduced-intensity transplantation for lymphomas using haploidentical related
donors versus HLA-matched sibling donors: A center for international blood
and marrow transplant research analysis. J Clin Oncol (2016) 34(26):3141–9. doi:
10.1200/JCO.2015.66.3476

107. Castagna L, Busca A, Bramanti S, Raiola AnnaM,MalagolaM, Ciceri F, et al.
Haploidentical related donor compared to HLA-identical donor transplantation for
Frontiers in Oncology 14
chemosensitive Hodgkin lymphoma patients. BMC Cancer (2020) 20(1):1140. doi:
10.1186/s12885-020-07602-w

108. Fatobene G, Rocha V, St Martin A, Hamadani M, Robinson S, Bashey A,
et al. Nonmyeloablative alternative donor transplantation for Hodgkin and non-
Hodgkin lymphoma: From the LWP-EBMT, eurocord, and CIBMTR. J Clin Oncol
(2020) 38(14):1518–26. doi: 10.1200/JCO.19.02408

109. Martinez C, Gayoso J, Canals C, Finel H, Peggs K, Dominietto A, et al. Post-
transplantation cyclophosphamide-based haploidentical transplantation as alternative
to matched sibling or unrelated donor transplantation for Hodgkin lymphoma: A
registry study of the lymphoma working party of the European society for blood and
marrow transplantation. J Clin Oncol (2017) 35(30):3425–32. doi: 10.1200/
JCO.2017.72.6869

110. Fuchs EJ, O'Donnell PV, Eapen M, Logan B, Antin JH, Dawson P, et al.
Double unrelated umbilical cord blood vs HLA-haploidentical bone marrow
transplantation: the BMT CTN 1101 trial. Blood (2021) 137(3):420–8. doi:
10.1182/blood.2020007535

111. Freytes CO, Loberiza FR, Rizzo JD, Bashey A, Bredeson CN, Cairo MS,
et al. Myeloablative allogeneic hematopoietic stem cell transplantation in patients
who experience relapse after autologous stem cell transplantation for lymphoma: a
report of the international bone marrow transplant registry. Blood (2004) 104
(12):3797–803. doi: 10.1182/blood-2004-01-0231

112. Devetten MP, Hari PN, Carreras J, Logan BR, van Besien K, Bredeson CN,
et al. Unrelated donor reduced-intensity allogeneic hematopoietic stem cell
transplantation for relapsed and refractory Hodgkin lymphoma. Biol Blood
Marrow Transpl (2009) 15(1):109–17. doi: 10.1016/j.bbmt.2008.11.011

113. Sureda A, Robinson S, Canals C, Carella AM, Boogaerts MA, Caballero
D, et al. Reduced-intensity conditioning compared with conventional allogeneic
stem-cell transplantation in relapsed or refractory hodgkin's lymphoma: an
analysis from the lymphoma working party of the European group for blood and
marrow transplantation. J Clin Oncol (2008) 26(3):455–62. doi: 10.1200/
JCO.2007.13.2415

114. Genadieva-Stavrik S, Boumendil A, Dreger P, Peggs K, Briones J, Corradini
P, et al. Myeloablative versus reduced intensity allogeneic stem cell transplantation
for relapsed/refractory hodgkin's lymphoma in recent years: a retrospective
analysis of the lymphoma working party of the European group for blood and
marrow transplantation. Ann Oncol (2016) 27(12):2251–7. doi: 10.1093/annonc/
mdw421

115. Ahmed S, Ghosh N, Ahn KW, Khanal M, Litovich C, Mussetti A, et al.
Impact of type of reduced-intensity conditioning regimen on the outcomes of
allogeneic haematopoietic cell transplantation in classical Hodgkin lymphoma. Br J
Haematol (2020) 190(4):573–82. doi: 10.1111/bjh.16664

116. Armand P, Zinzani PL, Collins GP, Cohen JB, Halwani AS, Carlo-Stella C,
et al. Outcomes of allogeneic hematopoietic stem cell transplantation (HSCT) after
treatment with nivolumab for Relapsed/Refractory Hodgkin lymphoma. Blood
(2016) 128(22):3502–. doi: 10.1182/blood.V128.22.3502.3502

117. Ijaz A, Khan AY, Malik SU, Faridi W, Fraz MA, UsmanM, et al. Significant
risk of graft-versus-Host disease with exposure to checkpoint inhibitors before and
after allogeneic transplantation. Biol Blood Marrow Transpl (2019) 25(1):94–9. doi:
10.1016/j.bbmt.2018.08.028

118. Warley F, Berro M, Palmer S, Castro M, Ferini G, Lopez Orozco M, et al.
Results with allo-SCT in patients with relapsed/refractory HL treated with anti-PD-
1, a multicenter retrospective cohort study: subcommittee of transplantation and
cellular therapy (GATMO-TC) of the Argentinian hematology society (SAH). Leuk
Lymphoma (2022), 1–3. doi: 10.1080/10428194.2022.2123238

119. Dada R, Usman B. Allogeneic hematopoietic stem cell transplantation in r/
r Hodgkin lymphoma after treatment with checkpoint inhibitors: Feasibility and
safety. Eur J Haematol (2019) 102(2):150–6. doi: 10.1111/ejh.13186

120. Merryman RW, Castagna L, Giordano L, Ho VT, Corradini P, Guidetti A,
et al. Allogeneic transplantation after PD-1 blockade for classic Hodgkin
lymphoma. Leukemia (2021) 35(9):2672–83. doi: 10.1038/s41375-021-01193-6

121. Nieto JC, Roldan E, Jimenez I, Fox L, Carabia J, Orti G, et al. Posttransplant
cyclophosphamide after allogeneic hematopoietic cell transplantation mitigates the
immune activation induced by previous nivolumab therapy. Leukemia (2020) 34
(12):3420–5. doi: 10.1038/s41375-020-0851-8

122. Ito A, Kim SW, Matsuoka KI, Kawakita T, Tanaka T, Inamoto Y, et al.
Safety and efficacy of anti-programmed cell death-1 monoclonal antibodies before
and after allogeneic hematopoietic cell transplantation for relapsed or refractory
Hodgkin lymphoma: a multicenter retrospective study. Int J Hematol (2020) 112
(5):674–89. doi: 10.1007/s12185-020-02960-4

123. Gutierrez-Garcia G, Martinez C, Boumendil A, Finel H, Malladi R,
Afanasyev B, et al. Long-term outcome of patients receiving haematopoietic
allogeneic stem cell transplantation as first transplant for high-risk Hodgkin
lymphoma: a retrospective analysis from the lymphoma working party-EBMT. Br J
Haematol (2022) 196(4):1018–30. doi: 10.1111/bjh.17939
frontiersin.org

https://doi.org/10.1182/blood-2020-136384
https://doi.org/10.1016/j.bbmt.2020.08.017
https://doi.org/10.1038/sj.bmt.1705008
https://doi.org/10.1111/bjh.15685
https://doi.org/10.1200/JCO.2001.19.23.4314
https://doi.org/10.1200/JCO.1996.14.4.1291
https://doi.org/10.1093/annonc/mdt206
https://doi.org/10.1038/s41409-020-0929-y
https://doi.org/10.1038/s41409-019-0640-z
https://doi.org/10.1200/JCO.20.01342
https://doi.org/10.1182/blood.V92.10.3515
https://doi.org/10.1182/blood-2014-10-604785
https://doi.org/10.1182/blood-2014-10-604785
https://doi.org/10.1182/blood-2007-06-097386
https://doi.org/10.1056/NEJMsa1311707
https://doi.org/10.1038/bmt.2014.259
https://doi.org/10.1038/bmt.2014.259
https://doi.org/10.1016/j.bbmt.2008.08.014
https://doi.org/10.1200/JCO.2015.66.3476
https://doi.org/10.1186/s12885-020-07602-w
https://doi.org/10.1200/JCO.19.02408
https://doi.org/10.1200/JCO.2017.72.6869
https://doi.org/10.1200/JCO.2017.72.6869
https://doi.org/10.1182/blood.2020007535
https://doi.org/10.1182/blood-2004-01-0231
https://doi.org/10.1016/j.bbmt.2008.11.011
https://doi.org/10.1200/JCO.2007.13.2415
https://doi.org/10.1200/JCO.2007.13.2415
https://doi.org/10.1093/annonc/mdw421
https://doi.org/10.1093/annonc/mdw421
https://doi.org/10.1111/bjh.16664
https://doi.org/10.1182/blood.V128.22.3502.3502
https://doi.org/10.1016/j.bbmt.2018.08.028
https://doi.org/10.1080/10428194.2022.2123238
https://doi.org/10.1111/ejh.13186
https://doi.org/10.1038/s41375-021-01193-6
https://doi.org/10.1038/s41375-020-0851-8
https://doi.org/10.1007/s12185-020-02960-4
https://doi.org/10.1111/bjh.17939
https://doi.org/10.3389/fonc.2022.1054314
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	The role of transplantation in Hodgkin lymphoma
	Introduction
	Patient selection for autologous transplant
	Role of transplant in CR2
	Factors affecting AutoHCT outcomes
	AutoHCT in older adults

	Salvage treatments prior to autologous transplant
	Conventional chemotherapy-based salvage regimens
	BV-based salvage regimens
	CPI as salvage
	BV and CPI combinations
	Peri-transplant radiation therapy

	Conditioning regimens for autologous transplants
	Outpatient AutoHCT
	Alternative and adjunctive conditioning strategies

	Maintenance therapies after autologous transplant
	BV maintenance
	CPI and other maintenance after AutoHCT

	The role of allogenic transplant
	Disease status prior to AlloHCT
	Donor selection for AlloHCT for cHL
	Conditioning for AlloHCT in cHL
	Use of CPI before AlloHCT
	AlloHCT as first transplant

	Conclusions
	Author contributions
	Ref
erences



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


