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Abstract

Background Allogeneic hematopoietic stem cell transplantation (allo-SCT) is an established treatment for peripheral
T-cell lymphoma (PTCL), particularly for patients with relapsed/refractory (r/r) disease. We aimed to retrieve novel
information on the role of histology, disease status prior to transplantation, and donor choice for patients with PTCL
not otherwise specified (NOS), angioimmunoblastic T-cell lymphoma (AITL), and anaplastic lymphoma kinase (ALK)-
negative ALCL. We compared imaging by computed tomography (CT) or positron emission tomography (PET) for
defining disease status prior to allo-SCT.

Methods Eligible were adult patients with PTCL-NOS, AITL, and ALK-negative ALCL undergoing allo-SCT between
2010 and 2022 and reported to EBMT.

Results 1958 patients underwent allo-SCT. Of patients with known number of prior lines of therapies (n=1310),

301 (23%), 431 (32.9%) and 578 (44.1%) patients received allo-SCT after one (1L), two (2L) or three or more therapy
lines (3L +), respective. Three-year GvHD-free, relapse-free survival (GRFS), progression-free survival (PFS) and overall
survival (OS) were 35.8%, 50.9% and 56.8%, respectively. Three-year relapse incidence (Rl) and non-relapse mortality
were 25.1% and 24.1%, respectively. In multivariate analysis, histology other than AITL, no complete response (CR)

at transplantation, having a haploidentical donor and higher age at allo-SCT resulted in significantly lower PFS and/
or OS. Prior autologous SCT had no impact on the results of allo-SCT and major outcomes did not significantly
change when the analyses were restricted to the patients with PET-based response at allo-SCT. Patients allografted in
partial response (PR) or SD/PD still achieved long-term survival with a 3-year PFS/OS of 46%/53.7% and 39.6%/43.6%,
respectively.

Conclusion Allo-SCT is a valid treatment option in relapsed/refractory PTCL where targeted therapies still play
a limited role. Patients with AITL survived significantly better than patients with PTCL NOS or ALK-negative ALCL
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following a significantly lower RI, also when comparing CR/complete metabolic response (CMR) and PR patients
separately. Higher age and non-CR at allo-SCT are associated with worse outcomes.

Keywords PTCL NOS, AITL, ALK-negative ALCL, Allogeneic stem cell transplantation, EBMT

Background

T-cell lymphomas comprise a heterogeneous group of
malignancies derived from mature T-cells accounting
for around 10% of all lymphomas diagnosed in the West-
ern world [1]. The most frequent non-cutaneous, non-
leukemic T-cell lymphoma entities are peripheral T-cell
lymphoma not otherwise specified (PTCL NOS), angio-
immunoblastic T-cell lymphoma (AITL), anaplastic large
cell lymphoma (ALCL), anaplastic lymphoma kinase
(ALK)-negative, and ALCL, ALK-positive. While patients
with ALK-positive ALCL carry a significantly better
prognosis [2], the other entities mostly show an aggres-
sive clinical course with 5-year overall survival (OS) rates
between 30-50% [3-5].

Relapsed/refractory (r/r) T-cell lymphoma remains
particularly challenging to treat with a median OS of
less than6 months [6-8]. Although multiple drugs
and modalities such as histone deacetylase inhibitors,
pathway inhibitors, antibody drug conjugates (ADC),
checkpoint inhibitors, and chimeric antigen receptor -T
(CAR-T) cells have been investigated, only brentuximab
vedotin (BV) targeting the CD30 antigen frequently pres-
ent on ALCL cells found its way into clinical routine and
international guidelines [9, 10].

The graft-versus lymphoma (GvL) effect exerted by
allogeneic stem cell transplantation (allo-SCT) seems
particularly strong in T-cell lymphoma [11, 12] making
allo-SCT the preferred modality to treat transplant-eligi-
ble patients with r/r T-cell lymphoma.

Due to numerous improvements including better
donor selection, conditioning, graft-versus-host disease
(GvHD) prophylaxis, and supportive care, the mortal-
ity and morbidity associated with allo-SCT considerably
decreased over the past decades, allowing transplants
to be offered also to older and comorbid patients with
PTCL.

We performed a detailed analysis of large numbers
of patients evaluating recent outcomes of allo-SCT for
major T-cell lymphoma entities as reported to the Euro-
pean Society for Blood and Marrow Transplantation
(EBMT) registry.

Methods

Study design and data collection

This is a retrospective registry-based, multi-center study.
Data were provided by the Lymphoma Working Party
(LWP) of the EBMT. EBMT is a voluntary group of trans-
plant centers requiring to report all consecutive SCTs
and follow-ups once a year. All participating institutions

are required to obtain written informed consent from
patients prior to registration with the EBMT, follow-
ing the Helsinki Declaration guidelines. We included
adult patients (> 18 years) transplanted with PTCL NOS,
AITL, and ALK-negative ALCL between January 2010
and December 2022 who had received allo-SCT either
up-front or in r/r disease as first SCT or after a preced-
ing autologous SCT (auto-SCT). We retained the diag-
nosis of AITL, as re-naming of the entity to follicular
helper T-cell lymphoma with AITL remaining the most
prevalent subgroup was introduced in 2022 only. Patients
with ALK-positive ALCL were not included in this anal-
ysis because these patients show a significantly better
prognosis than other major entities even before BV was
introduced and their treatment before transplantation is
different with first-line therapy often including etoposide
[2], BV [9] or both. Baseline and transplantation char-
acteristics as well as outcomes of eligible patients were
retrieved from the EBMT registry. The present study has
been approved by the EBMT Lymphoma Working Party,
and all accredited EBMT centers obtained informed con-
sent before data registration with EBMT, in accordance
with the Helsinki Declaration of 1975.

Definitions

Diagnosis was based on local pathology reports. Patients
were staged according to the Ann-Arbor system. Disease
status at transplantation was assessed by local investiga-
tors according to standard criteria [(CR (complete remis-
sion), PR (partial remission), SD (stable disease) and PD
(progressive disease)] and classified as chemosensitive
(CR/PR), or chemorefractory disease (SD/PD). While
computed tomography (CT) was the standard imaging
procedure in earlier years, this was replaced by positron
emission tomography (PET) in recent years. PET data
were analyzed for a subgroup of patients with available
data. Myeloablative conditioning (MAC) was defined as
a regimen containing either TBI with a dose greater than
6 Gy, a total dose of oral BU greater than 8 mg/kg, or a
total dose of intravenous BU greater than 6.4 mg/kg or
melphalan at doses>140 mg/m? All other regimens are
defined as reduced intensity conditioning (RIC) [13]. The
diagnosis and grading of acute GvHD (aGVHD) [14] and
chronic GVHD (cGvHD) [15] was performed by trans-
plant centers using standard criteria.

Statistics
Endpoints analyzed were progression-free survival (PES;
survival without lymphoma relapse or progression), OS
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(time from transplantation to death from any cause),
non-relapse mortality (NRM) (death without previous
relapse) and relapse incidence (RI) (disease recurrence).
GvHD-free, relapse-free survival (GRFS) was calculated
using the EBMT definition for registry- based analyses
where the time to first event of the following is recorded:
severe grade III or IV acute GvHD, severe chronic GvHD,
relapse, death. All outcomes were measured from the
day of transplantation. Surviving patients were cen-
sored at the time of last contact. Probabilities of OS and
PES were calculated using the Kaplan—Meier method.
Cumulative incidences for RI and NRM were calculated
using a competing risk model, where death was treated
as a competing event. Death and relapse were consid-
ered as competing events for calculations of aGvHD
and cGvHD. Follow-up was calculated from the time of
SCT to death or the last follow-up report. Median fol-
low up was calculated by using the reverse Kaplan Meier
method. Demographics were compared between groups
using the chi-squared test or Fisher’s exact test for cat-
egorical variables and the Mann—Whitney U test for con-
tinuous variables. Univariate analyses were performed
using the log-rank test for PES and OS, while Gray’s test
was used for competing risk outcome data. Multivariate
analyses were performed using the Cox proportional-
hazards regression model. Results are reported as hazard
ratios (HR) with a 95% confidence interval (95% CI). All
statistical tests were two-sided with a type I error fixed at
0.05 for factors associated with time-to-event outcomes.
All analyses were performed using R version 4.3.3 with
the R packages survival version 3.5-8, cmprsk version
2.2—-11 and Hmisc version 5.1-2. (R Core Team. R: a lan-
guage for statistical computing. 2014. R Foundation for
Statistical Computing, Vienna, Austria).

Results

Patient characteristics

The study population consisted of 1958 patients receiv-
ing allo-SCT between 2010 and 2022. Major patient- and
procedure-related characteristics are shown in Table 1.
The population included patients with PTCL-NOS
(n=949; 48.5%), AITL (n=762; 38.9%), and ALK-negative
ALCL (n=247; 17.7%). Two thirds of the patients were
male, their median age was 54 years, and 69% had a Kar-
nofsky performance score (KPS)>90% at allo-SCT. 23%
of patients had received one line (1L), 32.9% two (2L),
and 44.1% three or more lines (3L +) of therapy prior to
allo-SCT. 43.7% of patients (n=856) had received a prior
auto-SCT. The median time from diagnosis to allo-SCT
was 15.5 months. Disease status at the time of allo-SCT
was CR in 52.2%, PR in 27.7%, and SD/PD in 20.2%. Met-
abolic remission status at allo-SCT by PET was available
for 814 patients (41.6%) with 458 of them (56.3%) being
in complete metabolic remission (CMR). Most patients
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had an unrelated donor or a matched related donor
(53.4% and 33.8% of the cases, respectively). Of note, 250
patients (12.8%) received a haplo-identical graft. Of 241
patients with available information, 221 patients (91.7%)
received post-transplant cyclophosphamide (PTCY) for
GvHD prophylaxis. RIC or MAC was used in 60.2% and
39.8% of cases, respectively. Four hundred ninety-nine
patients (25.6%) had TBI as part of the conditioning.
The numbers and the percentage of patients allografted
in CR increased from 18.4% in 2010-2012 to 36.9% in
2019-2022. (Supplemental Table S1). The characteris-
tics of patients undergoing allo-SCT after only one line
of therapy or being transplanted in SD/PD are presented
Supplemental Table S3 and S4.

Transplantation outcomes

Major outcomes of patients receiving allo-SCT are shown
in Figs. 1, 2 and Table 2. With a median follow-up of
3.1 years (95% CI: 3.0-3.4 years), RI was 21.0% (95% CL:
19.1-23.0%) and 25.1% (95% CI: 22.9-27.3%) at 1 and
3 years; NRM was 19.5% (95% CI: 17.6-21.4%) and 24.1%
(95% CI: 21.9-26.3%) at 1 and 3 years, respectively. The
rates of PFS and OS were 59.6% (95% CI: 57.1-61.9%)
and 66.7% (95% CI: 64.5-68.9%) at one year, and 50.9%
(95% CI: 48.3-53.4%) and 56.8% (95% CIL: 54.3—59.2%)
at 3 years, respectively. The incidence of aGvHD grades
II-IV at day 100 was 31.1% (95% CI: 29.0-33.3%), while
the cumulative incidences of ¢cGVHD at 1 year and
3 years posttransplant were reported as 26.3% (95% ClI:
24.1-28.5%) and 33.9% (95% CIL: 31.4-36.3%), respec-
tively. Extensive cGvHD was reported as 11.5% (95% CI:
10.0-13.2%) and 15.8% (95% CI: 13.9-17.8%) at 1 year
and 3 years after allo-SCT. The rates of GRES were 44.7%
(95% CI: 42.3-47.1%) at one year, and 35.8% (95% CI:
33.4-38.2%) at 3 years, respectively. At last follow-up, 780
patients (39.8%) had died with allo-SCT-related death
(including GvHD and infectious complications) being the
most frequent cause in 374 patients (50.2%), followed by
lymphoma in 289 patients (38.8%), secondary malignancy
in 66 patients (8.8%), or other causes (n=16; 2.1%).

Univariate analyses in patients with allo-SCT

OS, PFES, RI, and NRM across subgroups are shown in
Tables 2, 3, Figs. 2, 3 and Supplemental Fig. S1-6. Patients
aged <53 years survived better than those aged >53 years
due to a lower 3-year NRM [18.6% (95% CI: 15.8-21.5%)
vs. 28.9% (95% CL: 25.7-32.0%) (p<0.0001)] while the
rate of RI was similar (Table 3). Patients undergoing allo-
SCT in CR demonstrated significantly better PFS and
OS than PR and SD/PD patients following significantly
lower 3-year RI: 20.2% (95% CIL: 17.4-23.1%) vs. 26.5%
(95% CIL: 22.3-30.9%) vs. 35.3% (95% CI: 29.9-40.7%)
(p<0.0001) (Table 3, Fig. 2). Notably, no significant dif-
ferences in survival were documented between CR and
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Table 1 Major characteristics of patients undergoing allo-SCT

Variable Total PTCL NOS AITL ALK-neg. ALCL p-value
n=1958 (100%) n=949 (48.5%) n=762(38.9%) n=247 (17.7%)

Median age at allo-SCT (range) [IQR] 544 (18-78.5) 527 (18-785) 56.3 (19-75.9) 526 (19.9-73.3) <0.0001
[45.7-60.6] [42.8-59.7] [49.5-62.1] [43.2-59.2]

Time from diagnosis to allo-SCT <0.0001

Median (range) [IQR] 15.5 (2-389.1) 15.2 (2-264) 14.6 (2.7-318.2) 19.3 (3-389.1)
[9.8-26.9] [9.2-27.7] [9.8-23.4] [12.9-31.1]

<12 months 697 (35.6) 366 (38.6) 278 (36.5) 53(21.5) -

>12 months 1260 (64.4) 582 (614) 484 (63.5) 194 (78.5) -

Sex patient 0.14

Female 655 (33.5) 307 (324) 274 (36) 74 (30)

Male 1302 (66.5) 641 (67.6) 488 (64) 173 (70)

Unknown 1 1 0 0

Sex donor 043

Female 654 (33.9) 307 (32.9) 268 (35.6) 79(32.2)

Male 1278 (66.1) 627 (67.1) 485 (64.4) 166 (67.8)

Unknown 26 15 9 2

Female to male donor combination 0.54

No 1561 (80.3) 761 (80.7) 599 (79.1) 201 (82)

Yes 384 (19.7) 182(19.3) 158 (20.9) 44 (18)

Unknown 13 6 5 2

Type of donor 0.36

Haploidentical 250(12.8) 117(12.3) 94(12.3) 39(15.8)

Matched related donor 662 (33.8) 335(35.3) 245 (32.2) 82(33.2)

Unrelated donor 1046 (53.4) 497 (52.4) 423 (55.5) 126 (51)

CMV status/patient 0.05

Negative 721(37.7) 323(35) 304 (40.7) 94 (38.8)

Positive 1192 (62.3) 601 (65) 443 (59.3) 148 (61.2)

Unknown 45 25 15 5

CMV status/donor 0.31

Negative 939 (48.9) 452 (48.8) 378(50.3) 109 (44.7)

Positive 982 (51.1) 474 (51.2) 373 (49.7) 135(55.3)

Unknown 37 23 11 3

CMV status donor to patient 0.05

Negative to negative 539 (28.5) 240 (26.4) 226 (30.5) 73 (30.4)

Negative to posistive 384 (20.3) 204 (22.4) 145 (19.6) 35(14.6)

Positive to negative 174 (9.2) 78 (8.6) 76 (10.3) 20(8.3)

Positive to positive 792 (41.9) 387 (42.6) 293 (39.6) 112 (46.7)

Unknown 69 40 22 7

In vivo T-cell depletion 0.30

No 849 (44) 413 (44.3) 318 (42.4) 118 (48)

Yes 1080 (56) 520 (55.7) 432 (57.6) 128 (52)

Unknown 29 16 12 1

In vivo T-cell depletion

ATG 833 (43.2) 398 (42.7) 338 (45.1) 97 (394) -

ATG+alemtuzumab 7(04) 5(0.5) 2(03) 0(0) -

Alemtuzumab 240 (12.4) 117 (12.5) 92 (12.3) 31(12.6) -

No T-cell depletion 849 (44) 413 (44.3) 318 (42.4) 118 (48) -

Unknown 29 16 12 1 -

Conditioning regimen 0.012

RIC 1160 (60.2) 533(57.1) 465 (61.9) 162 (66.7)

MAC 767 (39.8) 400 (42.9) 286 (38.1) 81(333)

Missing 31 16 1 4
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Table 1 (continued)

Variable Total PTCL NOS AITL ALK-neg. ALCL p-value
PTCY 0.239
No 1518 (79.7) 736 (79.9) 598 (80.7) 184 (75.7)

Yes 387(20.3) 185 (20.1) 143(19.3) 59 (24.3)

Unknown 53 28 21 4

Ann Arbor stage at diagnosis <0.0001
-1l 56 (12.4) 30 (15.5) 9(4.7) 17 (25)

I 128 (28.3) 44 (22.8) 73 (38) 11(16.2)

\% 269 (59.4) 119 (61.7) 110 (57.3) 40 (58.8)

Unknown 1505 756 570 179

Performed CT scan at allo-SCT 0.52
No 162 (15.4) 75 (16.4) 57(13.8) 30(16.2)

Yes 892 (84.6) 381 (83.6) 356 (86.2) 155 (83.8)

Unknown 904 493 349 62

Performed PET scan at allo-SCT 0.18
Negative 458 (56.3) 192 (53.3) 175 (56.8) 91 (62.3)

Positive 356 (43.7) 168 (46.7) 133 (43.2) 55(37.7)

Missing 1144 589 454 101

Number of lines prior to allo-SCT 0.92

1 301 (23) 134 (23.1) 116 (22.6) 51(23.6)

2 431 (32.9) 196 (33.8) 163 (31.7) 72 (33.3)

3 or more 578 (44.1) 250 (43.1) 235 (45.7) 93 (43.1)

Unknown 648 369 248 31

Disease status at allo-SCT 0.0117
CR/PR 1480 (79.8) 707 (78) 568 (79.6) 205 (86.9)

Progressive or stable disease 374 (20.2) 198 (21.9) 145 (20.3) 31(13.1)

Unknown 104 44 49 11

Remission status at allo-SCT 0.0061
CR 967 (52.2) 441 (48.5) 384 (53.9) 142 (60.2)

PR 513(27.7) 266 (29.4) 184 (25.8) 63 (26.7)

Progressive or stable disease 374 (20.2) 198 (21.9) 145 (20.3) 31(13.1)

Unknown 104 44 49 11

International Prognostic Index at first <0.0001
diagnosis

Low risk (0-1) 92 (15.8) 36 (15.5) 20 (8.5) 36 (30.8)

Low-intermediate risk (2) 153 (26.2) 62 (26.7) 60 (25.5) 31(26.5)

High-intermediate risk (3) 208 (35.6) 73(31.5) 102 (43.4) 33(28.2)

High risk (4 or 5) 131 (22.4) 61 (26.3) 53(226) 17 (14.5)

Unknown 1374 717 527 130

Karnofsky Index at allo-SCT 0.68
<90 570 (31) 285(31.8) 219 (30.7) 66 (28.9)

>=90 1267 (69) 610 (68.2) 495 (69.3) 162 (71.1)

Unknown 121 54 48 19

Sorror (HCT-Cl) index 0.17
0 697 (53.7) 322 (53.1) 275 (55.2) 100 (51.5)

1t02 288(22.2) 148 (24.4) 93(18.7) 47 (24.2)

3+ 313 (24.1) 136 (22.4) 130 (26.1) 47 (24.2)

Unknown 660 343 264 53
TBI 0.29
No 1454 (74.4) 690 (73.1) 572 (75.1) 192 (77.7)

Yes 499 (25.6) 254 (26.9) 190 (24.9) 55(22.3)

Unknown 5 5 0 0
Conditioning

BEAM 37(1.9) 13(1.4) 21(28) 3(1.2) -
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Table 1 (continued)

Variable Total PTCL NOS AITL ALK-neg. ALCL p-value
BuCy/BuCyFlu based 239(12.3) 117 (12.6) 99 (13) 23(94)

BuFlu based 502 (25.9) 224 (24.0) 205 (26.9) 73(29.8)

CyFlu 145 (7.5) 70 (7.5) 52 (6.8) 23(94)

FluMel based 341(17.6) 167 (18) 131(17.2) 43(17.6)

Other 84 (4.3) 45 (4.8) 29(3.8) ( 1)

TBI based 499 (25.8) 254 (27.3) 190 (25) 5(224)

Treo based 89 (4.6) 40 (4.3) 34 (4.5) ( 1)

Unknown 22 19 1 2

GvHD prophylaxis

CSA based 305 (15.8) 145 (15.6) 119 (15.9) 41(16.7)

CSA MMF based 466 (24.2) 194 (20.8) 217 (28.9) 55(22.4)

CSA MTX/ MMF + MTX based 487 (25.3) 258(27.7) 166 (22.1) 63 (25.6)

MMF/ MTX based 202 (10.5) 109 (11.7) 72 (9.6) 21(8.5)

Other 81(4.2) 41 (44) 33(44) 7(2.8)

PTCY based 387 (20.1) 185(19.8) 143 (19.1) 59 (24)

Unknown 30 17 12 1

Previous auto-SCT 0.0453
No 1102 (56.3) 559 (58.9) 417 (54.7) 126 (51)

Yes 856 (43.7) 390 (41.1) 345 (45.3) 121 (49)

Up-front 264 (30.8) 107 (61.1) 115(73.2) 42 (57.5)

Salvage 41 (16.5) 68 (38.8) 42 (26.8) 31(425)

Unknown 451 (52.7) 215 (55.1) 188 (54.5) 48 (25.6)

Allo-SCT, allogeneic stem cell transplantation; IQR, interquartile range; ALK-negative ALCL, anaplastic lymphoma kinase-negative anaplastic large cell ymphoma;
AITL, angioimmunoblastic T-cell lymphoma; PTCL NOS, peripheral T-cell ymphoma not otherwise specified; ATG, anti-thymocyte globulin; RIC, reduced-intensity
conditioning; MAC, myeloablative conditioning; PTCY, post-transplant cyclophosphamide; CT, computed tomography; PET, positron emission tomography; CR,
complete remission; PR, partial remission; SD/PD, stable disease/progressive disease; IPI, international prognostic index; GvHD, graft-versus-host disease; CSA,
cyclosporine; MMF, mycophenolate mofetil; MTX, methotrexate; auto-SCT, autologous stem cell transplantation; Results expressed as n (%) unless otherwise stated

CMR, as well as PR and non-CMR patients (Supplemen-
tal Fig. S1-2). Patients undergoing allo-SCT after only
1L of treatment demonstrated significantly better OS
than those receiving allo-SCT in 2L or later (3L +): 68.1%
(95% CI: 61.7-73.7%) vs. 56.7% (95% CI: 51.2—-61.9%) vs.
55.0% (95% CI: 50.3-59.5%) (p <0.0001). This was partly
due to a significantly lower 3-year NRM in comparison
to 2L and 3L+ groups [14.6% (95% CI: 10.4—19.4%) vs.
26.7% (95% CIL: 21.9-31.7%) vs. 25.3% (95% CI: 21.3—
29.5%) (p=0.0007)] while 3-year PFS and RI did not dif-
fer significantly among these patients (p=0.09 for both)
(Table 3 and Supplemental Fig. S3). Auto-SCT preceding
allo-SCT in 43.7% of patients did not have a significant
impact on any outcomes after allo-SCT including NRM
(Table 3, Supplemental Fig. S4).

Different outcomes in major entities

OS, PFES, RI, and NRM for the major entities are shown
in Fig. 4, Supplemental Fig. S5-6 and Table 2. While the
3-year NRM rate did not differ significantly across all
three entities (24.1%, range, 21.9-26.3%) (p = 0.08), 3-year
RI was significantly lower in AITL [(RI: 17.4% (95% CI:
14.5-20.5%)] in comparison to PTCL NOS [(RI: 29.8%
(95% CI: 26.5-33.1%)] and ALK-negative ALCL [(RI:
30.9% (95% CI: 24.4-37.6%)] (p <0.0001). Entity-specific
analyses showed the highest 3-year PFS-rates in patients

with AITL [(PES 57.2% (95% CI, 53.1%—61.1%). 3-year
PFS rates were 46.1% (95% CI, 42.4%—-49.7%), and 49.5%
(95% CI, 45.8%—-54.5%) in PTCL NOS and ALK-negative
ALCL, respectively (p=0.004). The highest 3-year OS
rates were observed in AITL and ALK-negative ALCL
[(60.7% (95% CI: 56.7—64.4%), and 59.7% (95% CI: 52.0—
66.6%)], and the lowest in PTCL NOS [(52.9% (95% CI:
49.3-56.3%)] (p<0.0001) (Table 2, Fig. 4). 3-year GRFS
was similar among all three entities: 39% (95% CI: 35.1—
42.2%), 35.6% (95% CI: 28.8—42.5%), and 33.4% (95% CI:
30.1-36.8%) for patients with AITL, ALK-neg. ALCL
and PTCL NOS, accordingly (p >0.05) (Table 2). Notably,
3-year GRFS was almost identical in patients allografted
from haploidentical donors [34.6% (95% CI: 27.8—41.4%)],
matched related [35.5% (95% CI: 31.5-39.6%)] and unre-
lated donors [36.2% (95% CI: 32.9-39.5%)] (Fig. 2).
Patients with ALK-negative ALCL or AITL showed
better survival and lower RI compared to patients with
PTCL NOS when undergoing allo-SCT in CR/CMR
(Supplemental Fig. S5). As expected, outcomes were
worse in patients allografted with PR or non-CMR (Sup-
plemental Fig. S6). Major outcomes were numerically
better for patients undergoing allo-SCT with SD than
with PD: 3-year PFS was 50.2% (95% CI: 31.7-66.1%) vs.
38.2% (95% CI: 32.1-44%) (p=0.16) and 3-year OS 52.2%
(95% CIL: 35.1-66.7%) vs. 42.4% (95% CI: 36.5-48.3%)
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Fig. 1 Outcomes of all study patients undergoing allo-SCT. Allo-SCT, allogeneic stem cell transplantation

(p=0.2). Three-year RI was 27.3% (95% CI: 12.9-44%) vs.
36.4% (95% CI: 30.6-42.2%) (p =0.14), 3-year NRM 22.5%
(95% CI: 10.3-37.7%) vs. 36.4% (95% CIL: 30.6—42.2%)
(p=0.996) (Supplemental Fig. S7). Notably, patients
with AITL showed a significantly lower RI [26.1% (95%
CI: 18.1-34.8)] compared to patients with PTCL NOS
[39.1% (95% CI: 31.6-46.5)] or ALK-neg. ALCL [52.8%
(95% CI: 31.6—-70.1] when undergoing allo-SCT in SD/PD
(p=0.002) (Supplemental Fig. S8).

Prognostic factors in patients undergoing allo-SCT
To investigate factors influencing major outcomes of allo-
SCT, a multivariate model was used which included the

following variables: lymphoma histology, time period
of SCT (2010-2015 vs. 2016—2022), patient age, type of
donor, KPS, number of prior therapy lines at SCT, remis-
sion status at SCT, in vivo T-cell depletion, and condi-
tioning (Fig. 5A, B; Supplemental Tables S5A-B).

Progression Free Survival

Increased age (HR 1.14, 95% CI 1.04—1.24, p=0.005), and
no CR at allo-SCT (HR 1.37, 95% CI 1.11-1.71, p=0.004
for PR; HR 1.66, 95% CI 1.3-2.13, p<0.001 for SD/PD)
were associated with lower PFS. Patients with PTCL
NOS (HR 1.38, 95% CI 1.12-1.7, p=0.002) and ALK-neg-
ative ALCL (HR 1.36, 95% CI 1.03-1.8, p=0.03) showed
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Fig. 2 Graft-versus-host disease—free, relapse-free survival (GRFS) of all study patients undergoing allo-SCT and depending on donor type. Allo-SCT, al-
logeneic stem cell transplantation. Haplo, haploidentical; PTCY, post-transplant cyclophosphamide; MRD, matched-related donor; UD, unrelated donor

a lower PFS when compared to patients with AITL
(Fig. 5A).

Overall survival

On multivariate analysis, KPS>90% (HR 0.78, 95% CI
0.63-0.96, p=0.02), having a matched related (HR 0.67,
95% CI 0.49-0.92, p=0.01) or matched unrelated donor
(HR 0.66, 95% CI 0.48-0.9, p=0.01) were associated with
significantly better OS. Increased age (HR 1.28, 95% CI
1.16-1.41, p<0.001), PR at allo-SCT (HR 1.30, 95% CI
1.03-1.65, p=0.030), SD/PD at allo-SCT (HR 1.84, 95%
CI 1.42-2.39, p<0.001) were associated with lower OS.
When compared with AITL as the reference group,
patients with PTCL NOS (HR 1.43, 95% CI 1.16-1.177,
p<0.001) showed a lower OS while the difference to
ALK-negative ALCL was not statistically significant (HR
1.24,95% CI 0.91-1.67, p=0.17) (Fig. 5A).

Relapse incidence

Multivariate analysis showed that no CR at allo-SCT
(PR: 1.65, 95% CI 1.22-2.25, p<0.001; SD/PD: HR 2.25,
95% CI 1.6-3.16, p<0.001) and histology other than
AITL (HR 1.76, 95% CI 1.18-2.61, p=0.005 for ALK-
negative ALCL; HR 1.75, 95% CI 1.29-2.38, p<0.001 for
PTCL NOS) were associated with an increased risk of RI
(Fig. 5B).

Non-relapse mortality

Age (by ten year increments) at allo-SCT (HR 1.37, 95%
CI 1.19-1.57, p<0.001), female to male donor (HR 1.41,
95% CI 1.03-1.93, p=0.03), and having a haploidenti-
cal donor was associated with an increased risk of NRM
(matched related donor: HR 0.60, 95% CI 0.40-0.90,
p=0.01; unrelated donor: HR 0.66, 95% CI 0.45-0.97,
p=0.04). Patients allografted in 2L (HR 1.65, 95% CI
1.12-2.45, p=0.01) or with 3 or more previous treat-
ment lines (HR 1.58, 95% CI 1.07-2.32, p=0.02) showed
a higher risk of NRM compared to patients allografted
after 1L (Fig. 5B).

Discussion

This study reports outcomes of large numbers of patients
with any of the major T-cell lymphoma entities (PTCL
NOS, AILT, ALK-negative ALCL) and allografted in
recent years. Overall, allo-SCT resulted in 3-year GRFS-,
PES-, and OS-rates of 39%, 50.9% and 56.8%; 3-year RI
and NRM was 25.1% and 24.1%, respectively. These data
match very well the long-term outcomes reported for the
AATT study, a randomized phase III study, comparing
up-front auto- and allo-SCT in patients with T-cell lym-
phoma [12]. Because of the large patient numbers inves-
tigated, in this study we were able to separately analyse
survival, RI, and NRM in patients with different histolo-
gies, having failed different lines of therapy, having differ-
ent donors, presenting with differing disease status prior
to transplantation, receiving various conditioning, and
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Table 2 Post-transplantation outcomes for patients with major T-cell lymphomas

Total PTCL NOS AITL ALK-neg. ALCL P-value
Outcomes Estimation (95% Cl) Estimation (95% Cl) Estimation (95% Cl) Estimation (95% Cl)
Median FU, y (range) 3.1(3—34) 36(3—4.) 3.1(29—-36) 2.1(1.8—2.9)
OS(1y) 66.7 (64.5—68.9) 64.2 (60.9—67.3) 68.8 (65.2—72.1) 70 (63.4—75.7) 0.02
0S(2y) 60 (57.6—62.3) 55.5 (52—58.9) 63.9 (60.1—67.4) 65.8 (589—71.9)
0S@3y) 56.8 (54.3—59.2) 529 (49.3—56.3) 60.7 (56.7—64.4) 59.7 (52—66.6)
PES(1y) 596 (57.1—61.9) 56.6 (53—60) 63.1 (59.2—66.7) 59.7 (52.7—66.1) 0.004
PFS(2y) 53.5(51—56) 48.8 (45.1—52.4) 594 (554—63.2) 53.2 (45.9—60)
PFS(3y) 509 (483—534) 46.1 (424—49.7) 57.2(53.1—61.1) 495 (41.8—56.7)
RI(Ty) 21(19.1—23) 24.1 (21.2—27.1) 15.7 (13—18.6) 254 (19.7—31.5) <0.0001
RIQ2y) 24.1 (22—26.3) 285 (25.3—31.7) 16.9 (14.1—19.9) 30(23.7—36.5)
RI3Y) 1(229—273) 298(265 33.0) 174 (14.5—20.5) 30.9 (244—37.6)
NRM (1'y) 195(176 21.4) 3(16.6—22.1) 21.2(181—244) 14.9 (104—20.1) 0.08
NRM (2 y) 224(203 24.5) 227(198 25.8) 23.7 (204—27.1) 16.8 (11.9—22.3)
NRM (3'y) 1(21.9—26.3) 24.1 (21.1—27.3) 255 (22—29) 196(14 25.9)
aGVHD-II/IV (100 d) 1(29—333) 283 (25 3—314) 325(29—36.1) 374(31.1—437) 0.02
aGvHD-III/IV (100 d) 4(9.9—13) 9.9 (8—12.1) 123 (10—14.9) 14 (9‘8—1 8.9) 012
cGVHD (1Y) 263 (24.1—28.5) 214 (185—24.4) 313 (27.6— 35) 29.5(23.2—36.2) 0.0001
cGvHD (2y) 32(29.7—344) 27.3 (24.1—30.6) 374 (334—413) 33.6 (26.8—40.5)
cGvHD (3y) 339(314—363) 289 (25.6—323) 39.8(35.7—43.8) 34.5(27.6—415)
cGvHD ext (1) 5(10—13.2) 96 (7.6—11.9) 13.2(106—16.1) 13.7(9.2—19) 0.08
cGvHD ext (2y) 146(12.8—16.5) W24(101—15) 169 (13.9— 201) 15.7 (10.8—214)
cGvHD ext (3y) 15.8(13.9—17.8) 6(11.1—16.3) 179 (14.8—213) 17.6 (12.2—23.8)
GRFS (1y) 447 (423—47.1) 43.8(404-472) 464 (42.5—50.1) 43.2 (36.5—49.8) 0.08
GRFS (2y) 38.3(35.9-40.7) 364(330 39.7) 1(37.2—449) 374 (30.6-44.1)
GRFS (3y) 35.8(334—38.2) 334 (30.1—36.8) 390(35 1—42.8) 35.6 (28.8—42.5)
Death at last 780 (39.8) 413 (435) 283 (37.1) 84 (24.2) -
follow-up, n (%)
Cause of death
allo-SCT-related 374 (50.2) 185 (46.8) 157 (584) 32(39.5) -
Lymphoma-related 289 (38.8) 176 (44.6) 73 (27.1) 40 (49.4)
Secondary malignancy 66 (8.8) 28(7.1) 29(10.8) 9(11.1)
Other 16 (2.1) 6(1.5) 10(3.7) 0(0)
Unknown 35 18 14 3

Allo-SCT, allogeneic stem cell transplantation; ALK-negative ALCL, anaplastic lymphoma kinase-negative anaplastic large cell ymphoma; AITL, angioimmunoblastic
T-cell ymphoma; PTCL NOS, peripheral T-cell lymphoma not otherwise specified; FU, follow-up; y, year(s); d, days; OS, overall survival; PFS, progression-free survival;
RI, relapse incidence; NRM, non-relapse mortality; aGvHD, acute graft-versus-host disease; cGvHD, chronic graft-versus-host disease; ext, extensive

identify prognostic factors important for patients under-
going allo-SCT.

Surprisingly, the survival after allo-SCT differed sig-
nificantly between major entities with the lowest risk of
relapse and best progression-free survival seen in AITL
patients. This finding is in line with reports investigat-
ing targeted therapies as first- and second-line therapies
[16, 17], analyses of auto-SCT [18] and three larger retro-
spective analyses after allo-SCT [19-21]. Importantly, we
show that the better survival of AITL patients is driven
by a significantly lower RI, also when comparing CR/
CMR, PR and SD/PD patients separately.

The number of patients receiving allo-SCT after one
line of therapy only increased over recent years and
showed the most favorable survival mostly because of
the significantly lower NRM compared to patients allo-
grafted in second or later line of therapy. The French

transplantation society (SFGM-TC) also reported lower
NRM in patients undergoing allo-SCT up-front as com-
pared to second-line allo-SCT (24% vs. 30%) [22]. None-
theless, following the results of the AATT study and
recent international guidelines, allo-SCT is generally not
recommended for consolidation of remission after one
line of therapy only [3, 10, 12, 23, 24]. Autologous trans-
plantation remains the preferred option in such cases
[18]. In the large retrospective analysis by Hamadani
et al., survival after allo-SCT significantly decreased in
patients with >3 lines of therapy, but not when one and
two prior lines of treatment were compared [20]. The
improved OS after early allo-SCT seen in this cohort
may reflect changing transplant modalities but selection
and immortal-time bias represent other possibilities to
explain the difference.
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Table 3 Univariate analysis of factors influencing OS, PFS, RI, and NRM post-allo-SCT

Outcome 3-year probability [95% Cl] P-value
Sex
Male Female -
(&N 56.3% [53.3-59.3] 57.8% [53.5-61.9] - 043
PFS 50.3% [47.1-53.4] 52% [47.5-56.4] - 0.335
RI 26.3% [23.6-29] 22.7% [19.2-26.4] - 0.1
NRM 23.4% [20.8-26.1] 252% [21.5-29.1] - 0.588
Age at allo-SCT (years)
18to 53 >53 -
(6N 61.4% [57.8-64.9] 52.7% [49.2-56.1] - <0.0001
PFS 53.4% [49.5-57] 48.7% [45.1-52.2] - 0.023
RI 28.1% [24.8-31.4] 224% [19.7-25.3] - 0.018
NRM 18.6% [15.8-21.5] 28.9% [25.7-32] - <0.0001
IPI score at diagnosis
Low-intermediate (0-2 points) Intermediate-high (3-5 points) -
(0N 63.1% [55.7-69.7] 59.9% [53.7-65.6] - 0.464
PFS 55.7% [47.9-62.8] 524% [46.1-584] - 0.553
RI 25.9% [19.6-32.6] 24% [19.1-29.3] - 0.769
NRM 18.4% [13.1-24.4] 23.6% [18.6-28.9] - 0.249
Delay diagnosis to allo-SCT in months
<12 months >12 months -
oS 554% [51.3-59.3] 57.6% [54.4-60.6] - 0.0511
PFS 50.4% [46.2-54.5] 51.1% [47.8-54.3] - 0.206
RI 25.7% [22.2-29.3] 24.8% [22.1-27.5] - 0424
NRM 23.9% [20.5-27.4] 24.19% [21.4-26.9] - 0.669
Prior auto-SCT
Yes No -
oS 58.1% [54.3-61.7] 55.7% [52.4-58.9] - 0.121
PFS 50.9% [46.9-54.6] 50.9% [47.4-54.3] - 0.788
RI 27.1% [23.8-30.5] 23.5% [20.7-26.4] - 0.116
NRM 22% [19-25.3] 25.6% [22.7-28.6] - 0.062
Disease status at allo-SCT
CR PR SD/PD
oS 65.2% [61.7-68.5] 53.7% [48.6-584] 43.6% [38-49.1] <0.0001
PFS 57.8% [54.2-61.3] 46% [40.9-51] 39.6% [33.9-45.3] <0.0001
RI 20.2% [17.4-23.1] 26.5% [22.3-30.9] 35.3% [29.9-40.7] <0.0001
NRM 22% [19.1-25] 27.5% [23.2-32] 25.1% [20.3-30.3] 0.0214
Number of lines prior to allo-SCT
1 2 3 or more
(0N 68.1% [61.7-73.7] 56.7% [51.2-61.9] 55% [50.3-59.5] 0.0002
PFS 57.3% [50.6-63.4] 50.8% [45.1-56.3] 48.6% [43.7-53.4] 0.0898
RI 28.2% [22.6-34.1] 22.5% [18.2-27.1] 26.1% [22-30.2] 0359
NRM 14.6% [10.4-194] 26.7% [21.9-31.7] 25.3% [21.3-29.5] 0.0007
Myeloablative regimen
No Yes -
oS 58.3% [55.1-614] 54.7% [50.6-58.6] - 0.0769
PFS 53.4% [50.1-56.6] 46.9% [42.7-51] - 0.0147
RI 23% [20.4-25.8] 27.8% [24.2-31.5] - 0.0626
NRM 23.6% [20.9-264] 25.3% [21.8-28.9] - 0336
Use of TBI
No Yes -
(&) 56.7% [53.8-59.5] 56.9% [51.9-61.6] - 0.683
PFS 50.6% [47.6-53.5] 52% [46.9-56.8] - 0.878
RI 25.3% [22.8-27.9] 23.8% [19.8-28] - 0.659
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Outcome 3-year probability [95% Cl] P-value
NRM 24.1% [21.6-26.6] 24.2% [20.1-28.6] - 0.784
Type of donor
Haploidentical MRD ub
0S 55.8% [48.8-62.3] 59.8% [55.5-63.9] 55.2% [51.7-58.5] 0.012
PFS 52.5% [45.2-59.3] 52.7% [48.3-56.9] 49.4% [45.8-52.9] 0439
RI 18.7% [13.5-24.6] 28.9% [25.1-32.8] 24.1% [21.2-27] 0.009
NRM 28.8% [22.7-35.2] 18.3% [15.1-21.8] 26.5% [23.5-29.7] <0.0001

Allo-SCT, allogeneic stem cell transplantation; OS, overall survival; PFS, progression-free survival; Rl, relapse incidence; NRM, non-relapse mortality; IPI, international

prognostic index; CR, complete remission; TBI, total body irradiation; MRD, matched related donor; UD, unrelated donor

Relapse rates in all major entities were generally low
confirming the existence of a particularly strong GvL
effect in T-cell lymphomas [11, 12, 25].

In multivariate analysis, higher age, being not in CR,
and having a haploidentical donor were associated with
worse outcomes. Higher age has been repeatedly identi-
fied as risk factor for poor survival in many reports on
allo-SCT not only in lymphoma [19, 20]. As expected,
CR at transplant was the most favorable remission sta-
tus prior to transplantation. However, patients in PR
still experienced a 3-year PFS and OS of 46% and 53.7%,
respectively, suggesting that allo-SCT can also provide
durable remissions among these patients. Outcomes
were less encouraging in patients who were not in remis-
sion before allo-SCT; however, more than one-third of
such patients still can expect to survive long-term (3-year
PES 39.6% and OS 43.6%). This is in line with published
data from registry and single center analyses as well as
long-term follow up of AATT patients [12, 20, 26—28].
Nonetheless, transplant candidates before undergo-
ing allo-SCT in SD/PD should be evaluated carefully.
Younger patients presenting with a good performance
status and limited activity of the lymphoma (as evidenced
e.g. by moderate LDH levels and total metabolic volume),
even if documented as SD or PD, should not be refused
to go to allo-SCT, in particular, as promising alternative
modalities for such patients are missing.

We compared the disease status reported by CT- and
PET-CT scan before allo-SCT without finding signifi-
cant differences in outcomes, regardless of whether CT
or PET-CT had been used for imaging prior to transplan-
tation. Similar observations were reported for patients
undergoing auto-SCT [18]. This finding is important
because the comparison of transplant outcomes docu-
mented by different imaging techniques has repeatedly
been questioned. If identification of patients refractory to
conventional first-line therapy by early interim PET scan
(iPET2 or 3) [29, 30] will help bringing more patients
to allo-SCT with more favorable results is addressed by
a Chinese study the final results of which are pending
(NCT06509945).

As mentioned above, the GvL-effect exerted by donor
T-cells seems particularly strong in T-cell lymphoma and
it may be less important than in other entities to destroy
as many lymphoma cells as possible by conditioning.
While others reported that in patients with PTCL, MAC
is associated with worse outcomes than RIC, mainly due
to increased NRM [11, 22, 31, 32], we could not con-
firm this finding. In this study, NRM was generally lower
(around 20% at one year) than reported for recent pro-
spective studies [3, 25] which used only MAC, but we
were unable to confirm favorable outcomes after RIC
as compared to MAC. Among others, the good perfor-
mance status of our patients, their relatively young age,
and the fact that many patients were not in CR at allo-
SCT may have contributed to this finding. In the prospec-
tive AATT study, NRM was 31% following myeloablative
conditioning even in the up-front setting [12]. In another
prospective study, investigating another myeloablative
conditioning regimen in patients with aggressive lym-
phoma NRM was as high as 35% [25]. Thus, NRM after
MAC is unacceptably high and we recommend to use
RIC in all patients with the possible exception of those
transplanted with SD/PD [23].

Over recent years, the number of haploidentical
transplants has significantly increased in most entities
including lymphoma. In this analysis, haplo-identical
transplantation was an independent unfavorable prog-
nostic factor for survival post-allo-SCT. This finding con-
tradicts data published by Hamadani et al. demonstrating
comparable outcomes after PTCY-based haplo-SCT and
matched donor transplants across major T-cell lym-
phoma entities [20]. The fact that details of conditioning
and GvHD prophylaxis were not fully available in this
analysis may partly explain the discrepant findings. Other
factors such as selection bias, evolving haploidentical
platforms, and differences in regional practice might have
contributed to this discrepancy. Of note, 3-year GFRS
was similar between haploidentical and matched related/
unrelated donor transplants also in our analysis. In prac-
tical terms, for patients with T-cell lymphoma, a haplo-
identical donor should be accepted whenever a matched
related donor and/or matched unrelated donor is not
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Fig. 3 Outcomes of allo-SCT according to remission status at SCT (CR vs. PR vs. SD/PD). Allo-SCT, allogeneic stem cell transplantation; CR, complete remis-

sion; PR, partial remission; SD/PD, stable disease/progressive disease

available [23]. This holds true particularly because prom-
ising alternatives to allo-SCT are largely missing.

The present study has limitations inherent to any ret-
rospective analysis. Most importantly, we cannot know
how many patients initially deemed transplant candi-
dates could not proceed to transplantation because of
disease progression or toxicity of induction and salvage

therapies. Other limitations are the lack of a centralized
pathological review, and the categorization of disease
status and treatment response by local investigators.
Outcomes may also vary country by country because of
differences in pretreatment and supportive care of trans-
plant recipients. These aspects may have implications
for generalizability of the results reported here. Data
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Fig. 4 Outcomes of allo-SCT depending on histology. Allo-SCT, allogeneic stem cell transplantation; ALK-negative ALCL, anaplastic lymphoma kinase-
negative anaplastic large cell lymphoma; PTCL NOS, peripheral T-cell lymphoma not otherwise specified; AITL, angioimmunoblastic T-cell lymphoma

further characterizing our patients allografted with SD/
PD such as patterns of progression, details of salvage
therapies, and tumor burden present before allo-SCT
were not available for this analysis. However, with the
large numbers of patients investigated, these shortcom-
ings had to be tolerated and should not change the major
conclusions.

Conclusions

In summary, this analysis of a large international cohort
of patients diagnosed with AITL, PTCL NOS, and ALK-
negative ALCL demonstrates that allo-SCT provides an
unsurpassed high rate of sustainable remissions for such
patients. Best results can be expected for patients allo-
grafted in chemosensitive disease from a matched related
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Fig. 5 Prognostic factors influencing the outcomes of allo-SCT (A: PFS/OS; B: RI/NRM) in a multivariate cox-regression model. Allo-SCT, allogeneic stem
cell transplantation. AITL, angioimmunoblastic T-cell lymphoma; ALK-negative ALCL, anaplastic lymphoma kinase-negative anaplastic large cell lym-
phoma; PTCL NOS, peripheral T-cell lymphoma not otherwise specified; CR, complete remission; PR, partial remission; SD/PD, stable disease/progressive
disease; BEAM, carmustine, etoposide, cytarabine, melphalan
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Fig. 5 (continued)

or unrelated donor. However, one-third of patients
transplanted in PR or with refractory disease, still can
achieve long-term survival after allo-SCT. Therefore,
such patients as patients with haplo-identical donors
should not be excluded from allo-SCT as long as viable
alternatives to allo-SCT are virtually absent. Consistently,
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patients with AITL showed the most favorable outcomes.
The development of targeted agents and immunothera-
peutic strategies including chimeric antigen receptor
T-cells deserves further attention and may challenge
transplantation in the future.
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