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Abstract
Objective: AlloHCT remains a curative option for R/R Hodgki te advances with BV and CPlIs.
This study evaluates its role and outcomes in this challenging
Materials and Methods: This retrospective oligocertric ana
who underwent alloHCT.
Results: Patients were split into two treatment cohorts: €
patients. Among the cohort, sixty-three patients vio
patients were administered only (n=29) BV or i
64 months (40.7-87.3) revealed a 100-day non- lity (NRM) rate of 26%, with the 3-year overall
survival (OS) and progression-free survi as 39% and 28%, respectively. AlloHCT using
haplotype-matched donors was linked QS and PFS. Post-transplant cyclophosphamide (post-tx CY) as a
prophylactic approach for graft v (GVHD) significantly improved OS and PFS. A complete
response (CR) during the post- asesSignificantly improved OS and PFS. Indeed, better OS, PFS, and
a reduced rate of NRM wer d in the pre/post-alloHCT BV and CPI group, although we could not
demonstrate statistical sigui
Conclusion: AlloHCT is a
Keywords: Hodgki
inhibitors

010), 16 patients, and era2 (2011-2021), 54
eived an autologous stem cell transplant. Forty
(n=11) before alloHCT. A median follow-up of

ntially practical therapeutic approach in responding to R/R HL patients.
llogeneic stem cell transplantation, brentuximab vedotin, checkpoint

Amac: B i vedotin (BV) ve immiin kontrol noktasi inhibitorleri (CPI) ile saglanan énemli
iiks/direngli (R/R) Hodgkin lenfoma (HL) olgularinda allojenik hematopoietik kok hiicre
bir tedavi se¢enegi olmaya devam etmektedir.

: Hastalar iki doneme ayrilarak degerlendirilmistir: ddnem 1 (2004-2010, 16 hasta) ve dénem 2 (2011—
54 hasta). Hastalarin 63°{i daha 6nce otolog kok hiicre nakli olmustur. Kirk hastaya AKHN 6ncesinde
nizca BV (n=29) veya BV sonras1 CPI (n=11) uygulanmistir. Ortanca 64 aylik (40,7-87,3) takip siiresinde,

0 giinliik niiks dig1 mortalite (NDM) oran1 %26; 3 yillik genel sagkalim (GS) ve progresyonsuz sagkalim (PS)
strastyla %39 ve %28 idi. Haplotip uyumlu donorlerle gergeklestirilen AKHN daha iyi GS ve PS ile iligkili
bulunmustur. Graft-versus-host hastalig1 (GVHH) profilaksisi amaciyla uygulanan post-transplant siklofosfamid
(post-tx CY), GS ve PS’yi anlamli bigimde iyilestirmistir. Transplant sonrasi tam yanit (TY) elde edilmesi GS ve
PS iizerinde belirgin bir olumlu etki gostermistir. AKHN 6ncesi/sonras1i BV ve CPI uygulanan grupta daha iyi
GS, PS ve daha diisiik NDM oranlar1 gézlenmis olmakla birlikte, bu farkliliklar istatistiksel anlamlilik diizeyine
ulagsmamistir. Sagkalim egrileri (GS, PS) ve NDM oranlari her iki ddnemde benzer bulunmustur.
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Sonug: Bulgularimiz, AKHN’nin R/R HL hastalarinda uygulanabilir ve potansiyel olarak kiiratif bir tedavi
secenegi olabilecegini gostermektedir.

Anahtar Kelimeler: Hodgkin lenfoma, allojenik kok hiicre nakli, brentuksimab vedotin, immiin kontrol noktas1
inhibitorleri

Introduction
Hodgkin lymphoma (HL) generally has a high likelihood of cure, yet up to 20% of patients may face relapse or
refractory (R/R) outcomes to initial treatments. High-dose salvage chemotherapy, accompanied by autologous
stem cell rescue, has become an established therapeutic approach for patients with chemosensitive disease (1
Autologous stem cell transplantation (ASCT) outcomes in R/R HL are generally unfavorable, as approxima
50% of patients experience relapse (2,3). Although emerging therapeutic agents, including immune checkp
inhibitors (CPIs) (nivolumab, pembrolizumab) and anti-CD30, brentuximab vedotin (BV), have de e
substantial therapeutic potential, the risk of pending relapse in this patient population remains hlg
Wlth the advent of novel agents allogeneic stem cell transplantatlon (alloHCT) retains its cura

undery CT at
ease stage, prior lines of
[Shthe clinical condition of

Blood and Marrow Transplantation (EBMT) consensus definitions (8 e included from 2010 and
earlier (eral) in one center and from 2011 onwards (era2) acro ' i i
accordance with the Lugano classification (9). Post-transpla
relapsed/refractory disease. Computed tomography (€T) an

employed to assess the disease condition before trans i
rate (ORR) was the primary endpoint. The secondary
survival (PFS), non-relapse mortality (NRM), a
transplant CPI and/or BV use. Neutrophil and p,
absolute neutrophil counts reaching at least 0.5
transfusion (10). Acute and chronic GV

novel therapeutic agents prior to alloHCT outcomes in R/R HL.
Materials and Methods

This study retrospectively assessed outcomes in 70 patients with R/R classic HL whg
three transplant centers from 2004 to 2021. Information on age, performance statu
therapy, relapse rate, previous ASCT, duration, and number of doses of
the disease at transplant, conditioning regimen, donor origin, graft vers
transplant outcomes were extracted using medical records. Conditioning4

were used only for

mission tomography (PET-CT) were
transplant (post-tx) overall response
ed overall survival (OS), progression-free
tratified by transplant years and pre-/post-
ere identified as three consecutive days, with
platelet counts reaching at least 20 x 109/L without
based on standard grading criteria (11,12).

Statistical analysis
Demographic and patient chara
classifications were used in
transplant year (Era 1: 20
practice after 2016—inclu
haploidentical donogs

stic marized and analyzed using descriptive methods. Two era

. The ary analysis stratified patients into two broad eras based on
2:2011-2021). In addition, to highlight the major shift in transplant

ton of post-transplant cyclophosphamide, increased use of

Vailability of targeted agents (BV and CPIs)—a secondary two-era comparison

were compared using Fisher's exact test or the Chi-Square test; continuous variables were
-test. Kaplan-Meier methods were used to estimate survival, and log-rank tests were used to

ulative incidence method was applied to estimate both relapse incidence and NRM. OS, PFS, NRM, and
D were analyzed using univariate and multivariate Cox proportional hazards models. To account for
peting risks between relapse and non-relapse mortality (NRM), we performed Fine-Gray subdistribution

zard modeling. Variables with p<0.05 or strong clinical relevance were included in multivariate models. All
analyses were performed using IBM SPSS Statistics version 20. The local ethics committee has approved the
study (Date: 22.4.2022; Approval No: 105-247-22). Despite limited statistical power due to sample size
constraints, subgroup analyses were conducted to explore potential associations.
Results
Patient characteristics are detailed in Table 1. Among the 70 patients, 16 were classified in era 1 (2004—2010),
and 54 were classified in era 2 (2011-2021). The median age of the participants was 35 years (18-62 years), and
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59% were male. A median of four treatment lines (range, 2—8) was observed before alloHCT. Sixty-three (90%)
had undergone a prior ASCT, and four (6%) patients received a second ASCT. Since 2013, 40 patients (57.1%)
received only BV (n=29) (median: 3 cycles, range: 1-14) or BV followed by CPIs (nivolumab (n=10),
pembrolizumab (n=1)), while one patient received only CPI prior to alloHCT. Among only BV-treated patients,
the responses included complete response (CR) (n=8), partial response (PR) (n=8), stable disease (SD) (n=12),
and progressive disease (PD) (n=1). One patient receiving nivolumab alone had SD; eleven patients received BV
followed by CPI; three achieved complete response (CR), three achieved partial response (PR), three had stable
disease (SD), and two had progressive disease (PD). Patients received a median of 6 CPI doses (range, 3-20),
with a median interval from the last CPI dose to alloHCT of 4.2 months (range, 1.6-7.9 months). No
center-mandated wash-out period was implemented; the CPI-to-alloHCT interval represented routine clinic
practice rather than a predefined institutional policy. Nine patients (75%) transitioned directly to alloHCT
following CPI therapy, whereas three (25%) received single-line salvage therapy between CPI treatme d
alloHCT. The median KPS score was 80 (range: 70—100) among patients. By the time of alloHCT, Al patie
gven pat
. jonifica

(15.7%) had achieved CR, 18 patients (25.7%) had PR, and 41 patients (58.6%) had SD/PD. Foity

proportion of patients in the fludarabine subset were administered the fludarabine/melphala
(n=35) or the Flu/Mel/Total body irradiation (TBI) regimen (n=5) (13,14). In the myeloablati

T-cell depletion in unrelated and haploidentical donors consisted mai fithymocyte globulin (ATG) (n=13)

or post-tx CY (n=16). Patients undergoing MRD alloHCT received co HD prophylaxis with
calcineurin inhibitors. Cyclosporin combined with methotrexat emost fiequently administered GVHD
prophylactic regimen, with cyclosporin and mycophenolate s ary alternative. The infused
CD34+ cell dose had a median value of 5.6x10%kg (tange, 0 2)

lure occurred in 8 patients (11.4%). Of
, MMUD, MUD). Most transplants were

ologous transplant settings, where low CD34+

matologic recovery and increased early

ays (13-28) in neutrophils and 13 days (7-39) in

le in 48 patients (68.5%). Complete (95-100% donor

.5-94% donor cells) (n=34) were observed in all but one

essment, seven patients had no data). Twenty-nine patients

1.7%) had grade II-1V disease. Chronic GVHD was observed

volvement documented in 7 cases (41.2%). Invasive fungal

.7%) patients, with four cases being fatal. The causes of death were

; CMV colitis, CMV pneumonia, tuberculosis), and sepsis-related

ases with GVHD, relapse, or organ failure. Five cases had no specific pathogen

Sixty-two patients (88.5%) were fully engrafted. Pri
these, 2 had MRD donors and 6 had non-MRD donor

mortality (17). Engraftment was seen after a me
platelets. A chimerism assessment on d
cells) donor chimerism (n=44) and mi
patient (fifteen patients died prior
(41.4%) experienced acute GV
in 17 patients (24.3%), with
infections (IFT) were obse
associated with bacterial (n
complications (n=14
identified.

ange, 1-24.5 months). Eleven patients (15.7%) and eight patients (11.4%) who relapsed
chemotherapy with BV and/or CPIs as salvage and/or maintenance therapy post-

. Among these, four patients received BV exclusively as maintenance therapy, one patient
monotherapy, and seven received BV followed by CPI. After alloHCT, the median courses

herapy were 4 (range, 2-18) and 3 (range, 1-51), respectively. Donor lymphocyte infusion (DLI)

icnt received DLI prophylactically. Patients underwent a median of two DLIs (1-3), with the first DLI
rring at a median of 8 months (range, 2—57). Six patients (60%) received DLI with salvage chemotherapy.

verall response rates (CR and PR) were 1/4 (25%) among patients receiving DLI alone and 4/6 (66%) for those
patients receiving DLI and additional therapy. As of the analysis, twenty-nine patients were alive (41%),
comprising 23 in complete response (CR) (79%), four in partial response (PR) (14%), and two in stable disease
(SD) (7%). The 3- and 5-year estimated OS were 39% (95% CI 27.2-50.8) and % 37% (95% CI 25.2-48.8),
respectively; the 3- and 5-year PFS was 28% (95% CI 16.2-39.8); D100 and 1-year non-relapse mortality (NRM)
rates were 26% (95% 16.2-35.8) and 37% (95% CI 25.2-48.8), respectively (Figure 1).



Regarding donor type, pre-tx CPI (p<0.05), TBI in the conditioning regimen (p<0.001), and post-tx CY
(p<0.001) were more frequent in haploidentical tx. ATG was more commonly used for MUD/MMUD than for
MRD (p<0.001). A higher incidence of acute GVHD (p=0.09, not statistically significant) and a significantly
higher rate of chronic GVHD (p=0.02) were observed in patients receiving MRD grafts compared with those
receiving MUD/MMUD or haploidentical grafts. Notably, the majority of grade II-IV acute GVHD and
moderate/severe chronic GVHD cases occurred in MRD recipients (9 and 6 patients, respectively).

The analysis revealed no significant differences between MRD, MUD/MMUD, and haploidentical transplants in
terms of transplant centers (p=0.16), year of transplantation (p=0.41), or pre-tx BV use (p=0.19) (Table 2). When
OS and PFS were analyzed by donor type, grafts from haploidentical donors were associated with significant
improved OS (p=0.015) and PFS (p=0.03) compared with those from MUD/MMUD and MRD donors. The
MUD/MMUD group demonstrated significantly higher NRM in comparison to both haploidentical and M

donor groups (p<0.05) (Figure 2).

Regarding post-tx CY versus ATG, patlents Who received post-tx CY had 51gn1ﬁcantly better OS (p

groups (p=0.28). Upon stratifying by conditioning regimen (RIC vs. MAC), no statistically
differences were observed in OS (p=0.19), PFS (p=0.38), or NRM (p=0.41) (Figure 3

also stratified by response status pre- and post-alloHCT (CR vs. all oth¢

Achieving CR before alloHCT showed an association with better OS (p=

(p=0.46), though the impact was not statistically significant. Patients i

showed a significant survival advantage when compared with those

P<0.001), but no discrepancy was observed in the NRM (p=0.1 i
i showed a tendency for longer OS

yost-alloHCT, p=0.23), and the NRM

in patients who received pre (n=12)

) es (OS (pre-alloHCT, p=0.34; post-

17), NRM (pre-alloHCT, p=0.34; post-

(pre-alloHCT, p=0.5; post-alloHCT, p=0.2), PFS (pr
was low (pre-alloHCT, p=0.95; post-alloHCT, p=0.0
and post-alloHCT (n=8) CPI at any time point (n=12)
alloHCT, p=0.27), PFS (pre-alloHCT, p=0.16; p
alloHCT, p=0.08)), but not approaching statisti
Table 3 presents patient characteristics grouped
median age was observed between the ty

t era. No statistically significant difference in
greater percentage of patients in eral received >3
lines of treatment prior to alloHCT (8 in era? (57.4%), but this difference was not statistically
significant (p=0.08). In era 2, 74.1% regce t pre-alloHCT and 20.4% post-alloHCT, while 22.2%
received CPI pre-alloHCT and % postalloHCT. According to the alloHCT response, we did not notice any
difference between the two .46), butpost-alloHCT CR rates were significantly higher in era 2 (p=0.01).
RIC was the predominant regimen in both eral (56.3%) and era2 (70.4%) (p=0.29). The median
follow-up duration was 53
decline in the propo
did not reach statis
in era 1 to 38.9%

(p=0.45). Analysis of acute GVHD incidence showed a decrease from 50%
1gh this difference did not reach statistical significance (p=0.11). Chronic GVHD
a2 (22.2%) than in era 1 (31.3%) without reaching statistical significance (p=0.12).
T survival showed comparable OS (p=0.13) and PFS (p=0.14) between the two eras.
was similar across the two eras (p=0.73). When stratified by three eras according to
(2004-2010), era2 (2011-2015), and era3 (2016-2021)), the OS (p=0.2) and PFS (p=0.1)

, but the differences were not statistically significant. While the patients were stratified into
ras (era 4, 2004-2015; era 5, 2016-2021) based on the date of transplant, PFS demonstrated a

in Era 2 (2011-2021) received treatment at all centers. The survival outcomes, including OS (p=0.4), PFS
45), and NRM (p=0.14), did not show statistically significant differences across the two eras.

nivariate and multivariate outcomes

Graft Versus Host Disease

Donor type significantly impacted chronic GVHD in univariate analysis (UVA) (p=0.039), with MRD showing a
higher incidence of chronic GVHD compared with MUD/MMUD and haploidentical donors. In multivariate
analysis, ATG administration was associated with a significantly reduced risk of chronic GVHD (HR 0.13; 95%
CI 0-0.8, p=0.039).



Survival

Univariate analysis showed that haploidentical transplantation compared with MRD was associated with
improved OS (HR 3.3; 95% CI 0.96-11.5, p=0.005), and post-alloHCT CR/PR disease status correlated with
better OS (HR 2.95; 95% CI 1.32-6.61, p=0.008). ATG use (HR 2.15; 95% CI 1.04—4.42, p=0.037) and poor
KPS score (<70) (HR 0.18; 95% CI 0.08-0.42, p=0.000) were associated with inferior OS.

Multivariate analysis (MVA) confirmed significant associations with OS for KPS score (HR 0.1; 95% CI 0.01-
0.66, p=0.01) and post-alloHCT disease status (CR/PR vs. SD/PD, HR 4.24; 95% CI 1.32-13.6, p=0.01).

Progression-Free Survival
Univariate analysis revealed that high KPS score (HR 0.26; 95% CI 0.11-0.57, p=0.01), haploidentical
transplantation (HR 3.9; 95% CI 1.12-13.5, p=0.032), and post-alloHCT CR/PR status (HR 3.8; 95% CI 1.
7.76, p=0.000) were significantly associated with improved PFS.

Multivariate analysis showed that high KPS score (HR 0.11; 95% CI 0.01-0.68, p=0.01), pre-allo
status (HR 3.51; 95% CI 1.2-10.2, p=0.02), and post-alloHCT CR/PR status (HR 2.76; 95% CLd.
p=0.02) were independently associated with better PFS.

Non-Relapse Mortality

Univariate analysis showed increased NRM in the ATG cohort (HR 2.77; 95% CI 1.24

5 for complete transparency.
Fine-Gray analysis revealed that pre-HCT BV significantly reduced NR
0.026), while acute GVHD was associated with increased NRM (sHR
Chronic GVHD showed a non-significant trend (Table 6).
Discussion

This retrospective study analyzed real-life alloHCT outcome . pite its role after ASCT, indications
and timing remain uncertain. Patients had a median s; 46% received radiation, and 90%
underwent ASCT. Despite heavy pretreatment, allo e and effective. Improved outcomes

novel agents such as BV and CPIs.
Our study showed a rise in alloHCT frequency,
(2011-2021), 40 of 54 patients received BV be

post-transplant chemosensitivity. In era 2
, with 55% chemosensitive at transplant, consistent
with prior reports (18). While some studi ansplant BV may improve outcomes (19,20), others
found no significant effect on OS, PF 1,22), except for improved PFS in chemorefractory patients
(21). BV exposure was associated wit ve S/PFS and lower NRM, though only multivariate analysis
confirmed a reduced NRM. Thi tec ay reflect BV's immunomodulatory activity and lower peri-
transplant toxicity (22).
Some studies of BV for RZRIHL a loHCT are limited, though response rates >50% have been reported (23—
25). In our cohort, BV yie n O 54.5% and a CR of 18% among 11 relapsed patients; 2 received BV
alone, while nine re owed by DLI and/or CPIs. Six deaths occurred, mainly due to progression.
Post-alloHCT BV nificantly affect OS/PFS but was associated with reduced NRM, suggesting
possible immuno ects (22). The association of pre-transplant BV and post-transplant CPI use with
er systemic toxicity, together with the observed impact of high KPS, which reflects
, likely contributed to reduced NRM. The 100-day NRM rate of 26% in our cohort was
orary series. This likely reflects the combined impact of infectious complications,
, advanced disease at transplant, and variability in supportive care practices.
therapies has called into question the role of alloHCT in HL. In our cohort, CPI-exposed
-exposed patients (n=58) showed comparable age, prior therapy, KPS, stem cell source, and
rates, with no significant differences. Group distinctions were limited to more prior BV lines and greater
in the CPI group.
study indicates that CPI use, both pre- and post-alloHCT, was associated with improved survival without

inereasing immunological toxicities or NRM. In multivariate analysis, post-alloHCT CPI showed a trend toward

proved PFS, though this was not statistically significant. Consistent with the multicenter cohort by Perales et
al., our pre-alloHCT CPI patients (17.1%) demonstrated no OS or NRM benefit but a favorable PFS trend.
Relapse (8%) and GVHD rates (aGVHD 41.7%, cGVHD 16.7%) were lower in our CPI-exposed patients,
possibly reflecting differences in prophylaxis and patient selection (26). The updated joint CIBMTR/EBMT
analysis by Perales et al. (26), which included more than 2000 alloHCT recipients with HL transplanted between
2008 and 2023, provides an important benchmark for contemporary outcomes. In that study, prior CPI exposure
significantly reduced relapse and improved PFS without increasing NRM, while PTCy-based GVHD

higher th



prophylaxis led to superior OS and lower rates of acute and chronic GVHD. These findings closely parallel our
observations, where BV/CPI exposure and PTCy use were linked to reduced NRM and favorable disease control.
The consistency between our real-world cohort and this large modern dataset reinforces the evolving role of
targeted agents and PTCy in reshaping alloHCT outcomes in R/R HL. However, these findings should be
interpreted as associations rather than independent survival benefits, as neither CPI exposure nor post-transplant
cyclophosphamide retained significance in multivariate analyses.

In our series, pre-treatment CPI was associated with an elevated risk of GVHD (27,28). Ijaz et al. reported
overall incidences of aGVHD and cGVHD of 59% and 29%, respectively (29). In a larger cohort of 209 pat1ents
receiving pre-transplant CPI, rates of aGVHD, cGVHD, and NRM were 54%, 34%, and 14%, respectively,
2-year PFS and OS of 47% and 69%, respectively (30). Merryman et al. further showed that a CPI-to-alloH
interval >80 days significantly reduced aGVHD, while >10 CPI doses were significantly associated with lo
c¢GVHD incidence.

Among our patients exposed to pre-transplant CPI, 41.7% developed aGVHD and 16.7% develope
Neither the CPI-to-alloHCT interval (<80 vs >80 days) nor the number of CPI doses (<10 vs >10)

with Philippis et al., who observed aGVHD and cGVHD incidences of 41% and 7% in 59 haploidentical"donor
transplants (31). Several factors may account for the absence of an increased GVHD sig i

post-transplant CY in our cohort could have attenuated CPI-related allo [-associated
transplant toxicities (e.g., sinusoidal obstruction syndrome/veno-occlusi y
immune-mediated organ toxicities) could not be evaluated, as these e crgnot systematically documented
across centers in this retrospective dataset.
Although PFS improved within the CPI group, OS, PFS, and NRdM er significantly between groups,
¢ gs'may reflect the protective role of
ith acute GVHD have been linked to
reduced relapse risk, supporting a graft-versus-tumor
Our analysis included four patients who underwent S dentical donors with post-transplant CY
MRDs. Peripheral blood stem cells were
ted with a markedly lower post-alloHCT relapse
ar findings have been reported in other trials,

ocumented an 8% relapse incidence in CPI-exposed

used in all but one case. Pre-transplant CPI exp
rate (8%) compared with 36.2% in CPI-naive p
supporting a graft-versus-lymphoma eff; i
patients (n=59) with 2-year follow- -up
months in a phase II study of 44 p receiving pre-transplant CPI (6).

1loHCT received CPI (median three cycles; range 1-51), with
a median interval of 60 mon . . One patient had prior CPI exposure. Chronic GVHD (liver, eye,
d acute hepatic GVHD in another (ORR 50%; 2 CR, 2 PR). Although
sis showed that post-alloHCT CPI was significantly associated with
ilarly support CPI efficacy post-transplant, while shorter alloHCT-to-CPI

r GVHD have been linked to increased GVHD risk (27,29).

yorted favorable survival outcomes with haploidentical transplantation. Maria et al.

limited by sample size, mu
reduced NRM. Prio e
intervals, higher
Several recent studie

analysis found equivalent OS and PFS across MRD, haploidentical, and MUD groups,
ence of chronic GVHD with haploidentical donors (34).

identical cohort showed a trend toward longer OS and PFS and lower NRM. Univariate
superior survival with haploidentical donors, but multivariate analysis did not confirm these
though haploidentical transplantation appeared to be associated with improved OS and PFS, this

ot be attributed solely to donor type. In multivariable analyses, donor type did not remain significant after
stment for post-transplant CY, suggesting that these outcomes may reflect the effects of GVHD prophylaxis
rategies and temporal changes in transplant practice rather than intrinsic donor characteristics. An international
multicenter study demonstrated that GVHD prophylaxis with post-transplant CY improved PFS compared with
its absence. However, no OS benefit was observed, while CY combined with ATG was associated with worse
survival (30). The apparent survival benefit observed in haploidentical recipients likely reflected post-transplant
CY use and era-related advances rather than donor type alone. Although prior studies reported lower NRM with
RIC regimens, we observed no survival advantage of RIC over MAC (35). Improved outcomes in post-transplant
CY recipients appear attributable to GVHD prophylaxis and era-related factors rather than conditioning intensity.
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Earlier studies of alloHCT before novel agents showed much lower survival and higher NRM compared to more
recent groups. Our Era | results match these earlier findings, which suggests that later improvements are due to
better transplant methods and the use of BV, CPI, and post-transplant CY. Era-based findings should be
interpreted cautiously, as multiple concurrent shifts in transplant practice—rather than novel agents alone—
contribute to differences between eras; therefore, outcome interpretation primarily relies on direct
BV/CPlI-stratified analyses. When comparing outcomes across transplant eras, several factors may explain the
absence of statistically significant survival differences despite increased BV and CPI use. Although exposure to
BV and/or CPI was higher in era 2, survival did not differ significantly between eras. This likely reflects shorter
follow-up and limited sample size, which may have attenuated any measurable survival advantage despite
increased BV/CPI use. Notably, patients who received these agents post-allo demonstrated improved OS,
reduced NRM, and a significantly higher CR rate. The shorter median follow-up in Era 1 reflects higher ear
mortality, as follow-up information for earlier-era patients was complete.

Study Limitations

Limitations include non-uniform era stratification, which reduces the clarity of temporal comp.
in care likely explain the improved PFS observed in 2016-2021. Retrospective design, varie
populations, and small CPI cohorts limit the interpretation of GVHD. Different donor types
regimens reduce generalisability. Response assessments relied on Lugano criteria, as P
routinely available at the time. Outcomes with BV/PD-1 inhibitors around alloHCT s

subgroup findings should be interpreted as exploratory and hypothesis-
non-significant trends should not be overinterpreted. Additionally, some
confidence intervals, reflecting the limited number of events and redug
Conclusion

AlloHCT remains a viable option for R/R HL. Donor type, GVH
influenced survival. Haploidentical transplantation with post
Disease control and NRM improved with novel age
studies are needed to confirm these outcomes and cla

owed promising outcomes.
fit was minimal. Larger prospective
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Table 1. Patients’ characteristics

Center

Tx-year
Age
Follow-up time, month

Age

Sex

PrealloHCT KP @

Stage
reall T treatment
Pr HCT RT use
ealloHCT BV use
PrealloHCT CPI use

PrealloHCT disease status

Centerl
Center

Cente

<40
>40
Male
Female
<70
>70
Early

Advanced

<3 line
>3 line
Yes

SD/PD

28 40.0%
27 38.6%
15 21.4%
16 22.9%
54 77.1%
35 (18-62)

64.0 (40.7-87.3)

49 70.0%
21 30.0%
41 58.6%
29 41.4%
25 35.7%
45 64.3%
24 34.3%
46 65.7%
26 37.1%
44 62.9%
32 45.7%
38 54.3%
40 57.1%
30 42.9%
12 17.1%
58 82.9%
11 15.7%
18 25.7%
41 58.6%



Conditioning regimen RIC 47 67.1%

MAC 23 32.9%
Stem cell source PB 62 88.6%
BM 7 10.0%
Umbilical cord 1 1.4%
ATG use Yes 13 18.6%
No 57
Acute GVHD Yes 29
No 40
N/A 1
Chronic GVHD Yes 17
No 52
N/A (Exitus at D100) 1
PostalloHCT BYV use Yes 11
No
PostalloHCT CPI use Yes
No
PostalloHCT status at D100 CR
PR
SD/PD

N/A (Exitus  at

NRM 41.4%
58.6%
PostalloHCT D100 mortality 25.7%
74.3%
AlloHCT: Allogeneic stem cell tr TG: Anti Thymocyte Globulin, BM: Bone marrow, BV:
Brentuximab vedotin, CPI: C tors, CR: Complete Response, D100: post HCT day 100,

Era 1: 2004-2010, Era 2: D: Graft versus host disease, KPS: Karnofsky Performance
Status, MAC: Myeloablative 1t10n1ng, N/A: Not applicable, NRM: Non-relapse Mortality, PB:
Peripheral Blood, PR: Partial response, RIC: Reduced-intensity conditioning, RT: Radiotherapy, SD/PD:
Stable disease/P se, Tx: Transplant.
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Table 2. Patients characteristics’ regarding to donor type

MRD MUD/MMUD Haploidentical P
Center Centerl 16 41.0% 6 30.0% 6 54.6% 0.16
Center2 15 38.5% 11 55.0% 1 9.1%
Center3 8 20.5% 3 15.0% 4 36.4%
Tx-year Eral 9 23.1% 6 30.0% 1 9.1%
Era 2 11 28.2% 5 25.0% 3 27.3%
Era 3 19 48.7% 9 45.0% 7 63.6%
Age <40 28 71.8% 11 55.0% 10 90.9%
>40 11 28.2% 9 45.0% 9.1%
Sex Male 21 53.8% 13 65%
Female 18 46.2% 7 35%
Pre-alloHCT KPS <70 13 33.3% 9 45.0%
Score >70 26 66.7% 11 55.0%
Disease Stage Early 16 41.0% 5 25.0%
Advanced 23 59.0% 15 75.0%
Pre-alloHCT <3 line 17 43.6% 6 30.0%
treatment >3 line 22 56.4% 14 3
RT No 23 59.0% 8 7 .
Yes 16 41.0% 12 4 36.4%
Pre-alloHCT BV No 18 46.2% 2 18.2% 0.19
Yes 21 53.8% 9 81.8%
Pre-alloHCT CPI No 36 92.3% 7 63.6% <0.05
Yes 3 7.7% 4 36.4%
TBI No 34 89.5% . 2 18.2% <0.001
Yes 4 31.6% 9 81.8%
Conditioning MAC 25.0% 7 63.6% 0.06
regimen 75.0% 4 36.4%
Post-Tx Cy use 85.0% 2 18.2% <0.001
15.0% 9 81.8%
ATG use 40.0% 11 100 % <0.001
60.0% 0 0.0%
Acute (a)GVHD 60.0% 8 80.0% 0.09
40.0% 2 20.0% )
II-TV aGVHD 70.0% 10 100 %
30.0% 0%
Chronic(c)GVHD 90.0% 90.0% 0.02
10.0% 1 10.0%
Severe cGVH 85.0% 10 100 %
15.0% 0 0%
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AlloHCT: Allogeneic stem cell transplantation, ATG: Anti Thymocyte Globulin, BV: Brentuximab vedotin, CPI:
Checkpoint inhibitors, Era 1: 2004—2010, Era 2: 2011-2015, Era 3: 2016-2021, GVHD: Graft versus host disease, KPS
Karnofsky Performance Status, MAC: Myeloablative conditioning, MRD: matched sibling donor, MUD: matched
unrelated donor, MMUD: Mismatched unrelated donor, Cy: Cyclophosphamide, RIC: Reduced-intensity conditioning,
RT: Radiotherapy, TBI: Total body irradiation, Tx: Transplantation.

Table 3. Patients characteristics’ regarding to tx year

Era 1 (2004-2010) Era 2 (2011-2021)
Center Centerl 0 0.0% 28 51.9%

Center2 16 100.0% 11
Center3 0 0.0% 15
Age 34 (18-16) 36 (21-62)
Follow-up time, month 53.0(37.3-68.7) 139.0 (26.
Age (years) <40 12 75.0% 37
>40 4 25.0%
Sex Male 6 37.5%
Female 10 62.5%
Pre-alloHCT KPS <70 7 43.8% 33.3% 0.45
Score >70 66.7%
Stage Early 6 18 33.3% 0.76
Advanced 10 36 66.7%
Pre-alloHCT treatment <3 line 3 23 42.6% 0.08
>3 line 31 57.4%
RT 32 59.3% 0.13
22 40.7%
Pre-alloHCT BV 100.0% 14 25.9% <0.001
0.0% 40 74.1%
Pre-alloHCT CPI 100.0% 42 77.8% 0.04
0.0% 12 22.2%
Pre-allo disease 6.3% 10 18.5% 0.46
25.0% 14 25.9%
68.8% 30 55.6%
43.8% 16 29.6% 0.29
56.3% 38 70.4%
75.0% 50 92.6% 0.07
18.8% 4 7.4%
6.3% 0 0.0%
75.0% 45 83.3% 0.45
Yes 4 25.0% 9 16.7%
TBI No 10 71.4% 39 72.2%
Yes 4 27.6% 15 26.8% 095
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Acute GVHD N/A 1 6.3%
Yes 8 50.0%
No 7 43.8%
Chronic GVHD N/A 1 6.3%
Yes 5 31.3%
No 10 62.5%
Post-alloHCT BV Yes 0 0.0%
No 16 100.0%
Post-alloHCT CPI Yes 0 0.0%
No 16 100.0%
Disease status at Tx CR 2 15.4%
PR 6 46.2%
SD/PD 5 38.5%
NRM Yes 7 43.8%
No 9 56.3%
Post-alloHCT Day 100 Yes 5 31.3%
transplant mortality No 1 68.8%

AlloHCT: Allogeneic stem cell transplantation, : Anti ocyte Globulin, BM: Bone marrow, BYV:
Brentuximab vedotin, CPI: Checkpoint inhibitors, C omplgte response, GVHD: Graft versus host disease, KPS
Karnofsky Performance Status, MAC: Mye oning, NRM: Non-relapse mortality, PB: Peripheral
blood, PR: Partial response, RIC: sity conditioning, RT: Radiotherapy, SD/PD: Stable
disease/Progressive disease, TBI: Tot dy

[¢]

s of GVHD, Overall Survival (OS), Progression-Free Survival (PFS), and Non-

Outcome HR (95% CI) p-value
oS 1.27 (0.65-2.46) 0.47
oS 1.38 (0.72-2.65) 0.32
oS 1.23 (0.66-2.28) 0.51
Pre-tx CPI oS 0.41 (0.12-1.35) 0.14
CPI cycles (1-9 vs 10+) oS 0.71 (0.31-1.64) 0.43
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Variable Outcome HR (95% CI) p-value
CPI to alloHCT (days) oS 0.85 (0.65-1.12) 0.26
Pre-alloHCT disease status (0N 1.19 (0.62-2.26) 0.59
Conditioning (RIC vs MAC) OS 1.6 (0.78-3.27) 0.19
Post-tx BV oS 1.76 (0.73-4.24) 0.20
Post-tx CPI oS 1.8 (0.64-5.1)
Post-tx CY oS 0.36 (0.12-1.01) .0
Haplo vs MRD OS 3.3 (0.96-11.5) 05
Post-alloHCT CR/PR vs SD/PD OS 008
ATG use oS 0.037
KPS <70 o 0.000
Pre-tx CPI F 0.39 (0.14-1.09) 0.073
Post-tx CY 0.44 (0.18-1.04) 0.061
KPS <70 FS 0.26 (0.11-0.57) 0.01
Haplo vs MRD PFS 3.9 (1.12-13.5) 0.032
Post-alloHCT C PFS 3.8 (1.86-7.76) 0.000
Post-tx B PFS 0.68 (0.34-1.35) 0.27
PFS 0.61 (0.28-1.32) 0.20
c¢cGVHD — 0.039
aGVHD — >0.05
NRM 2.77 (1.24-6.16) 0.01

Abbreviations: OS, overall survival; PFS, progression-free survival; NRM, non-relapse mortality; GVHD, graft-

versus-host disease; aGVHD, acute GVHD; cGVHD, chronic GVHD; CRPR, complete response or partial
response; SDPD, stable disease or progressive disease; KPS, Karnofsky performance status; RIC, reduced-
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intensity conditioning; MAC, myeloablative conditioning; MRD, matched related donor; Haplo, haploidentical
donor; ATG, anti-thymocyte globulin; BV, brentuximab vedotin; CPI, checkpoint inhibitor; CY,
cyclophosphamide; alloHCT, allogeneic hematopoietic cell transplantation; HR, hazard ratio; CI, confidence

interval.

Table 5. Multivariate Analysis of OS, PFS, NRM, and cGVHD

Variable Outcome HR (95% CI)
KPS <70 oS 0.1 (0.01-0.66)
Post-alloHCT CRPR vs SDPD (0N 4.24 (1.32-13.6)
KPS <70 PFS 0.11 (0.01-0.68)

Abbreviations: ATG, anti-thy:
brentuximab vedotin; CPI, ¢
graft-versus-host disease;
survival; PFS, progression-

, Kaj

cg

Surviv:

Pre-alloHCT CRPR vs SDPD PFS

Post-alloHCT CRPR vs SDPD PFS

Post-tx CPI PFS 0.07
KPS >70 NRM 0.047
Pre-tx BV ‘11 (0.0-0.72) 0.035
Post-tx CPI N 0.0 (0.0-0.78) 0.039
ATG use D 0.13 (0-0.8) 0.039

oHCT, allogeneic hematopoietic cell transplantation; BV,

int inhibitor; CR/PR, complete response/partial response; cGVHD, chronic

ky Performance Status; NRM, non-relapse mortality; OS, overall

ribution Hazard Ratios for Non-Relapse Mortality

Post-tx, post-transplant; Pre-tx, pre-transplant; SD/PD, stable

sHR (95% CI) p-value
0.60 (0.38-0.94) 0.026
ost-alloHCT BV 0.75 (0.47-1.20) 0.230
Pre-alloHCT CPL 1.21 (0.74-1.98) 0.440
Post-alloHCT CPI 0.92 (0.58-1.46) 0.670
aGVHD 1.41 (1.01-1.97) 0.043
¢GVHD 132 (0.91-1.91) 0.130
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Survival

Variable sHR (95% CI) p-value
Haploidentical 0.84 (0.53-1.33) 0.460
KPS <70 1.36 (0.92-2.01) 0.120
Disease: SDPD 1.19 (0.78-1.82) 0.410

Abbreviations: alloHCT, allogeneic hematopoietic cell transplantation; aGVHD, acute graft-versus-he
BYV, brentuximab vedotin; CI, confidence interval; CPI, checkpoint inhibitor; cGVHD, chronic grafi
disease; KPS, Karnofsky Performance Status; NRM, non-relapse mortality; SDPD, stable disease/s

disease; sHR, subdistribution hazard ratio.

Overall Survival (OS)
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+ »

Progression Free Survival (PFS)
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Post tx time (month)

S-year OS 37% (95 % CI: 25.2-48.8)

5-year PFS 28% (95 % CI: 16.2-39.8)

£ w 9 =

Post tx time (month)

30day NRM 14 % (95 %CI: 78.2-9.8)
100. day NRM 26 % (95 % CI: 16.2-35.8)

Figure 1. Overall @ ogression-free survival, non-relapse mortality after alloHCT
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