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A B S T R A C T

Purpose
To analyze outcomes of hematopoietic cell transplantation (HCT) in T-cell non-Hodgkin lymphoma.

Patients and Methods
Outcomes of 241 patients (112 anaplastic large-cell lymphoma, 102 peripheral T-cell lymphoma
not otherwise specified, 27 angioimmunoblastic T-cell lymphoma) undergoing autologous HCT
(autoHCT; n � 115; median age, 43 years) or allogeneic HCT (alloHCT; n � 126; median age, 38
years) were analyzed. Primary outcomes were nonrelapse mortality (NRM), relapse/progression,
progression-free survival (PFS), and overall survival (OS). Patient, disease, and HCT-related
variables were analyzed in multivariate Cox proportional hazard models to determine association
with outcomes.

Results
AutoHCT recipients were more likely in first complete remission (CR1; 35% v 14%; P � .001) and
with chemotherapy-sensitive disease (86% v 60%; P � .001), anaplastic large-cell histology (53%
v 40%; P � .04), and two or fewer lines of prior therapy (65% v 44%; P � .001) compared with
alloHCT recipients. Three-year PFS and OS of autoHCT recipients beyond CR1 were 42% and
53%, respectively. Among alloHCT recipients who received transplantations beyond CR1, 31%
remained progression-free at 3 years, despite being more heavily pretreated and with more
refractory disease. NRM was 3.5-fold higher (95% CI, 1.80 to 6.99; P � .001) for alloHCT. In
multivariate analysis, chemotherapy sensitivity (hazard ratio [HR], 1.8; 95% CI, 1.16 to 2.87) and
two or fewer lines of pretransplantation therapy (HR, 5.02; 95% CI, 2.15 to 11.72) were prognostic
of survival.

Conclusion
These data describe the roles of autoHCT and alloHCT in T-cell non-Hodgkin lymphoma and
suggest greater effectiveness earlier in the disease course, and limited utility in multiply relapsed
disease. Notably, autoHCT at relapse may be a potential option for select patients, particularly
those with anaplastic large-cell lymphoma histology.

J Clin Oncol 31:3100-3109. © 2013 by American Society of Clinical Oncology

INTRODUCTION

Peripheral T-cell lymphomas such as T-cell non-
Hodgkin lymphoma (T-NHL) are heterogeneous
malignancies sharing common elements of chem-
otherapy resistance and poor outcome with
standard treatments. The International T-Cell
Lymphoma Project highlights that fewer than one
third of patients with T-cell lymphomas survive 5
years, although histology strongly influences sur-
vival.1 Patients with anaplastic lymphoma kinase
(ALK) –positive variants of anaplastic large-cell
lymphoma (ALCL) have better outcomes, with

5-year survival rates of 70%. In contrast, survival
sequentially declines for ALK-negative ALCL
(49%), peripheral T-cell lymphoma not otherwise
specified (PTCL-NOS; 32%), and angioimmuno-
blastic T-cell lymphoma (AITL; 14%). The Ger-
man High Grade Non-Hodgkin’s Lymphoma
Study Group (DSHNHL) similarly reported on
more than 200 patients with T-NHL enrolled
onto prospective trials; 3-year event-free survival
was best for ALK-positive ALCL (75%) and sub-
optimal for all other histologies.2

Attempts to improve outcomes have in-
cluded autologous or allogeneic hematopoietic
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cell transplantation (autoHCT or alloHCT). Single-institution studies
and retrospective analyses suggest that both modalities lead to durable
remissions in recurrent disease settings and might be important in
consolidating first remission.3-6 However, key questions remain, in-
cluding identification of optimal populations, relative efficacy of au-
tologous versus allogeneic approaches, and HCT timing (first-line
consolidation v relapse). Herein, we analyzed outcomes of a large
cohort of autoHCT or alloHCT recipients with the three most com-
mon T-NHL histologies reported to the Center for International
Blood and Marrow Transplant Research (CIBMTR).

PATIENTS AND METHODS

Data Sources

CIBMTR is a voluntary working group of more than 500 transplantation
centers worldwide. Participating centers register basic information on consec-
utive transplantations to a statistical center at the Medical College of
Wisconsin with two levels of data collection. Comprehensive patient- and
disease-related data were collected by using a weighted randomization scheme
in a subset of patients. A larger registration data set consisted of consecutive
data on all transplantations from all centers reporting to the CIBMTR and was
used to estimate transplantation activity. This registration showed 946 auto-
logous transplantations and 346 allogeneic transplantations from US centers
during the period specified. These numbers represent 55% and 95% of all US
auto and allo transplantation activity for T-NHL, corresponding to an esti-
mated 1,048 autoHCTs and 629 alloHCTs performed in the United States. We
compared outcome data for our selected representative cohort with higher-
level data (Case Report Forms) versus the registration data set that included all
patients. Outcomes were similar, confirming that our data set was representa-
tive of HCT outcomes for T-NHL.

Patients Were Followed Longitudinally, With

Annual Follow-Up

Patients with T-NHL age � 60 years who received first autoHCT or
alloHCT between 1996 and 2006 were included. Two hundred forty-one
patients who underwent autoHCT (n � 115) or alloHCT (n � 126) and
restricted to ALCL (n � 112), PTCL-NOS (n � 102), and AITL (n � 27)
histologies were identified. Exclusion criteria were precursor T-cell neoplasms,
primary cutaneous T-cell lymphomas, or second transplantations as well as
identical twin (n � 4), mismatched related donor (n � 13), or cord blood
(n � 8) transplantations. When available, primary pathology reports were

Table 1. Patient Characteristics

Characteristic

Autologous
HCT

Allogeneic
HCT

PNo. % No. %

No. of patients� 115 126
No. of centers 67 72
Age at transplantation, years .10

Median 43 38
Range 4-60 5-60
� 20 11 9 22 17
21-30 18 16 20 16
31-40 24 21 27 21
41-50 21 18 30 24
51-60 41 36 27 21

Male 70 61 91 72 .06
Karnofsky score

pretransplantation .62
� 90 31 27 41 33

Histology† .04
Anaplastic large-cell

lymphoma‡ 61 53 51 40
Peripheral T-cell lymphoma,

unspecified 39 34 63 50
Angioimmunoblastic T-cell

lymphoma 15 13 12 10
B symptoms at diagnosis 67 58 69 55 .13
LDH at diagnosis .15

Normal 19 17 12 10
Increased 26 23 39 31
Unknown 70 61 75 60

No. of lines of therapy prior to
transplantation

Median 2 3 .002
1 19 17 18 14 � .001
2 55 48 38 30
� 3 39 34 55 43
Unknown 2 2 7 6

CNS involvement§ 2 2 6 5 .28
BM involvement at diagnosis 21 18 44 35 .0142
BM involvement at time of

transplantation 1 1 19 15 � .001
Extranodal involvement at

diagnosis 64 56 86 68 .05
PIT at transplantation .02

0 49 43 42 33
1 41 36 42 33
2 3 2 16 13
Unknown 22 19 26 21

Disease stage at diagnosis .28
I 10 9 5 4
II 21 18 15 12
III 32 28 36 28
IV 47 41 64 51
Unknown 5 4 6 5

Time from diagnosis to
transplantation, months

Median 10 11
Range 2-229 3-69
� 6 14 12 22 17 .32
6-12 57 50 53 42
12-18 15 13 26 21
18-24 11 10 9 7
� 24 18 16 16 13

(continued in next column)

Table 1. Patient Characteristics (continued)

Characteristic

Autologous
HCT

Allogeneic
HCT

PNo. % No. %

Follow-up of survivors,
months

Median 71 49
Range 3-167 3-157

NOTE. Completeness index follow-up: 96% at 1 year; 88% at 3 years.
Abbreviations: BM, bone marrow; HCT, hematopoietic cell transplanta-

tion; LDH, lactate dehydrogenase; PIT, prognostic index of T-cell non-
Hodgkin lymphoma.

�Patients who had autologous transplantation followed by allogeneic trans-
plantation (four twins, eight cord blood, 13 other-related) were not included in
allogeneic population.

†Pathology reports were reviewed for 143 patients.
‡Anaplastic lymphoma kinase status: positive, n � 14; negative, n � 8;

unknown, n � 90.
§CNS involvement was at any time prior to transplantation.
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reviewed (n � 143). Patients older than age 60 years were excluded because of
the small number who underwent alloHCT (n � 6).

Definitions of alloHCT Conditioning Regimens

Lower-intensity conditioning regimens were categorized as nonmyelo-
ablative stem-cell transplantation (NST) or reduced-intensity conditioning
(RIC) by using established criteria.7 Previously validated criteria defined
donor-recipient HLA matching quality on the basis of the number of HLA loci
examined and resolution of HLA typing at each locus.8

End Points

Primary outcomes were nonrelapse mortality (NRM), relapse/progres-
sion, progression-free survival (PFS), and overall survival (OS). NRM was
defined as death as a result of any cause in the first 28 days or death without
evidence of lymphoma relapse/progression; progression, increase of � 25% in
lymphoma sites or development of new sites; relapse, recurrence of lymphoma
after complete remission (CR); primary induction failure (PIF) sensitive,
never in CR but with partial remission to treatment; PIF other, never in CR but
with stable or progressive disease on treatment; relapse sensitive, relapsing
from prior remission but with a partial remission to treatment for relapse; and
relapse other, relapsing from prior remission with stable disease or progres-
sion thereafter.

Treatment failure was defined as time of relapse, progression, or death as
a result of any cause. Patients alive without evidence of disease relapse/progres-
sion were censored at last follow-up, and PFS events were summarized by
survival curves. The OS interval variable was time from date of transplantation
to date of death or last contact and was summarized by a survival curve. Other
outcomes included acute and chronic graft-versus-host disease (AGVHD and
CGVHD) and cause of death (COD). AGVHD was defined and graded on the
basis of patterns and severity of organ involvement by using established crite-
ria. CGVHD was defined as the development of any chronic GVHD on the
basis of clinical criteria. Both events were summarized by corresponding cu-
mulative incidence estimates with death without development of GVHD as the
competing risk.

Statistical Analyses

Probabilities of PFS and OS were calculated by using Kaplan-Meier
product limit estimates. Probabilities of NRM, lymphoma relapse/pro-
gression, and AGVHD and CGVHD were calculated by using cumulative
incidence curves to accommodate competing risks. Associations between
patient-, disease-, and transplantation-related factors and primary out-
comes of interest were assessed by using multivariate Cox proportional
hazards regression. Variables in multivariate analyses included the follow-
ing: (1) main effect was autoHCT versus alloHCT; (2) patient-related
variables included age at transplantation (� 20 v 21 to 40 v 41 to 60 years),
sex, Karnofsky performance score (� 90 v � 90); (3) disease-related
variables included histology (ALCL v PTCL v AITL), “B” symptoms, num-
ber of lines of therapy before transplantation (1 v 2 v � 2), disease stage at
diagnosis (stage I to II v III to IV), extranodal involvement at diagnosis,
time from diagnosis to transplantation (� 12 v � 12 months), disease
status before transplantation (CR1 v CR2� v primary induction failure v
relapsed), and chemotherapy sensitivity (sensitive v resistant); and (4)
treatment-related variables include conditioning regimen (total-body
irradiation– containing v no total-body irradiation), graft type (bone mar-
row v peripheral blood stem cells, and year of transplantation (1996 to 1998
v 1999 to 2001 v 2002 to 2004 v 2005 to 2006). AlloHCT recipients had
additional comparisons: impact of conditioning regimen (myeloablative v
NST/RIC), donor-recipient sex match, donor-recipient cytomegalovirus
status, donor type (HLA-identical sibling v matched unrelated v mis-
matched unrelated), and GVHD prophylaxis (T-cell depletion v other). A
stepwise forward selection multivariate model was built to identify covari-
ates that influenced outcomes. Covariates with a P value less than .05 were
considered significant. The main effect studied (ie, autoHCT v alloHCT)
was included in all models. The proportionality assumption for Cox re-
gression was tested by adding time-dependent covariates for each risk
factor and each outcome. All variables met the proportional hazards as-
sumption. Results were expressed as relative risks or relative rate of occur-
rence of the event.

Table 2. Treatment- and Transplantation-Related Characteristics

Characteristic

Autologous
HCT

Allogeneic
HCT

PNo. % No. %

Chemotherapy sensitivity � .001
Sensitive 99 86 75 60
Resistant 9 8 37 29
Untreated 0 2 2
Unknown 7 6 12 10

Disease status at transplantation .001
CR1 40 35 18 14
CR2� 24 21 20 16
PIF, sensitive 16 14 23 18
PIF, other 6 5 23 18
Relapse, sensitive 17 15 21 17
Relapse, other 10 9 18 14
Missing 2 2 3 3

Conditioning regimen (allogeneic) N/A
Myeloablative 74 59
NST/RIC 45 36
Unknown 7 5

Conditioning regimen (autologous) N/A
TBI containing 26 23
BEAM and similar 65 57
Cyclophosphamide or similar 14 12
Busulfan � melphalan/busulfan �

cyclophosphamide 4 3
Other 6 5

Conditioning regimen (allogeneic) N/A
TBI containing 60 48

Donor HLA match N/A
HLA-identical sibling 76 60
Matched unrelated 30 24
Mismatched unrelated 20 16

Donor/recipient cytomegalovirus
status N/A

�/� 39 31
�/– 23 18
�/� 21 17
�/� 38 30
Unknown 5 4

Donor-recipient sex match
Male-male N/A 52 41
Male-female 20 16
Female-male 39 31
Female-female 15 12

Graft type � .001
Bone marrow 10 9 36 29
Peripheral blood 105 91 90 71

Year of transplantation � .001
1996-1998 43 37 16 13
1999-2001 39 34 23 18
2002-2004 22 19 39 31
2005-2006 11 10 48 38

GVHD prophylaxis N/A
T-cell depletion � other 14 11
Methotrexate � cyclosporine �

other 46 37
Cyclosporine � other 28 22
Methotrexate � tacrolimus �

other 23 18
Tacrolimus � other 12 10
Other 3 2

Abbreviations: BEAM, carmustine, etoposide, cytarabine, melphalan; CR1,
first complete remission; CR2, second complete remission; GVHD, graft-
versus-host disease; HCT, hematopoietic cell transplantation; PIF, primary
induction failure; N/A, not applicable; NST, nonmyeloablative stem-cell trans-
plantation; RIC, reduced-intensity conditioning; TBI, total-body irradiation.
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RESULTS

Patient-, Disease-, and

Treatment-Related Characteristics

Table 1 lists patient characteristics, and Table 2 lists treatment- or
transplantation-related features. Most patients in both groups had B
symptoms at diagnosis, had more than one line of therapy before trans-
plantation, lacked bone marrow involvement at transplantation, and had
advanceddiseaseorextranodaldiseaseat timeofdiagnosis.Therewereno
differences in median age, age distribution, sex distribution, disease stage,
or median time from diagnosis to transplantation by HCT type. Auto-
HCT patients had more ALCL histology. AlloHCT recipients had more
bone marrow involvement, more lines of chemotherapy pretransplanta-
tion, extranodal disease at diagnosis, and higher second-line prognostic
index of PTCLs9 at transplantation (P � .02).

AutoHCT recipients were more likely in first complete remission
(CR1; 35% v 14%; P � .001) and with chemotherapy-sensitive disease
(86% v 60%; P � .001). Myeloablative (MA) conditioning was more
common than NST/RIC for alloHCT, although increased use of allo-
HCT was seen in later years (69% of alloHCTs were performed after
2002). Forty percent of alloHCT recipients had unrelated donors.
Peripheral blood was the most common graft source in both groups.

Univariate Analysis of Outcomes

There were no outcome differences between MA and NST/RIC
conditioning (Table 3; Figs 1B and 1C). Both NRM and overall mor-
tality were higher in alloHCT patients (Fig 1). There was no difference
in relapse/progression between autoHCT and alloHCT patients. For
autoHCT patients, the 1- and 3-year PFS rates were 58% and 47%, and
the 1- and 3-year OS rates were 68% and 59%, respectively. For
alloHCT, the 1- and 3-year PFS rates were 42% and 37%, and the 1-
and 3-year OS rates were 55% and 46%, respectively (Fig 1B; Table 3).
Patients in CR1 undergoing autoHCT (n � 40) had 1- and 3-year PFS
rates of 75% and 58%, respectively, whereas OS at 1 year and 3 years
was 80% and 70%, respectively (data not shown). Few patients
(n � 18) underwent alloHCT in CR1.

Univariate outcomes after excluding CR1 patients are listed in
Table 3. NRM at all time points was higher for alloHCT recipients.
Overall NRM for autoHCT recipients was 6% at 3 years compared
with 34% for alloHCT recipients. Unadjusted OS and PFS were simi-
lar for both cohorts. When excluding CR1 patients, relapse was lower
for the alloHCT cohort (53% v 38%; P � .0437), but PFS and OS were
similar (Fig 1D).

Among241patients,33wereyoungerthan21yearsofage, including
11patients(eightALCL,threePTCL-NOS)undergoingautoHCTand22
(20 ALCL, two PTCL-NOS) undergoing alloHCT. When excluding pe-
diatric patients from the overall NRM, PFS and OS at 1 year and 3 years
were similar to those for the entire group (data not shown).

Outcomes by Histology

Subanalyses by histology (ALCL, PTCL-NOS, AITL) were
performed (Appendix Table A1, online only). Patients with ALCL
undergoing autoHCT (n � 61) had superior PFS (55% v 35%;
P � .0319) and OS (68% v 41%; P � .0034), with significantly
reduced NRM and overall mortality compared with alloHCT re-
cipients (n � 51). Even when excluding CR1 patients, autoHCT
recipients had higher 3-year OS (62% v 33%; P � .0088) and lower
transplantation-related mortality (5% v 32%; P � .001), with no
difference in PFS or relapse/progression.

When specifically examining autoHCT recipients beyond CR1
by histology, patients with ALCL (n � 39) had 1-year and 3-year PFS
rates of 53% (95% CI, 37% to 69%) and 50% (95% CI, 34% to 66%)
and 1-year and 3-year OS rates of 74% (95% CI, 59% to 86%) and
65% (95% CI, 49% to 80%), respectively. Patients with PTCL-NOS
(n � 28) had 1-year and 3-year PFS rates of 52% (95% CI, 33% to
71%) and 29% (95% CI, 12% to 50%) and 1-year and 3-year OS rates
of 57% (95% CI, 38% to 75%) and 42% (95% CI, 22% to 62%),
respectively. Only six patients with AITL underwent autoSCT beyond
CR1; they had 1-year PFS and OS rates of 33% (95% CI, 5% to 72%).
Histology was included in multivariate analyses but did not have an
impact on relapse/progression for patients beyond CR1 (Table 4).

Table 3. Univariate Outcomes of Patients With HCT

Variable

All Patients Patients Beyond CR1

AutoHCT Myeloablative NST/RIC

P

AutoHCT Myeloablative NST/RIC

P% 95% CI (%) % 95% CI (%) % 95% CI (%) % 95% CI (%) % 95% CI (%) % 95% CI (%)

Nonrelapse mortality
At 100 days 2 0 to 6 19 11 to 29 18 8 to 30 � .001 3 1 to 8 21 12 to 32 20 9 to 33 � .001
At 1 year 7 3 to 13 29 19 to 40 27 15 to 40 � .001 4 1 to 10 30 19 to 42 27 14 to 41 � .001
At 3 years 11 6 to 17 32 22 to 43 27 15 to 40 � .001 6 2 to 13 34 22 to 46 27 14 to 41 � .001

Relapse/progression
At 1 year 34 26 to 43 29 19 to 40 38 24 to 52 .5694 46 35 to 57 33 22 to 45 39 24 to 53 .2978
At 3 years 43 33 to 52 32 21 to 43 40 26 to 54 .3282 53 41 to 64 37 25 to 49 42 27 to 56 .1627

Progression-free survival
At 1 year 58 49 to 67 42 31 to 53 36 22 to 49 .0113 50 38 to 60 37 25 to 49 34 20 to 49 .1813
At 3 years 47 37 to 56 36 25 to 47 33 20 to 47 .1834 41 29 to 52 29 18 to 41 32 18 to 46 .3449

Overall survival
At 1 year 68 59 to 76 49 37 to 60 59 44 to 72 .0266 62 50 to 72 43 30 to 55 58 41 to 71 .0701
At 3 years 59 49 to 68 39 28 to 51 52 36 to 66 .0356 53 40 to 64 31 20 to 44 50 33 to 64 .0349

Abbreviations: autoHCT, autologous hematopoietic cell transplantation; CR1, first complete remission; NST, nonmyeloablative stem-cell transplantation; RIC,
reduced-intensity conditioning.
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Allogeneic Transplantation

Among alloHCT recipients, there was no difference in AGVHD
or CGVHD relapse/progression, PFS, OS, or overall mortality when
comparing HLA-identical sibling donors (n � 76) and unrelated
donors (n � 50; data not shown). Regimen intensity did not have an
impact on PFS, OS, or NRM between MA and NST/RIC HCT recip-
ients. Neither AGVHD nor CGVHD affected relapse or survival. Only
14 patients had T-cell depletion as part of their transplantation, and
impact on relapse and survival could not be determined.

COD

The most common COD was lymphoma (Appendix Table A2,
online only). Progressive lymphoma leading to death in the three
groups (auto v myeloablative v NST/RIC) was significantly higher in
the autologous cohort (P � .0036).

Multivariate Analysis

In multivariate models (Table 5), alloHCT (hazard ratio [HR],
3.543) or two or more pretransplantation chemotherapy regimens
(HR, 4.059 and HR, 7.035, respectively) were strongly predictive of
worse NRM, with no improvement in relapse/progression. Chemo-
therapy-resistant disease doubled the risk of relapse/progression.

Among alloHCT recipients, risk of overall mortality and treatment
failure was higher in those not in CR or after more than two lines of
chemotherapy (Table 4).

When excluding CR1 patients (Table 4), NRM risk was higher in
alloHCT recipients, in those who experienced PIF, and in those receiv-
ing HCT more than 12 months from diagnosis. Relapse risk was
higher for chemotherapy-resistant disease or relapsed disease at time
of transplantation. Higher number of chemotherapy lines before HCT
correlated with higher risk of mortality and treatment failure.

In multivariate analysis restricted to patients with PTCL-NOS, re-
ceipt of alloHCT remained a significant risk factor for NRM (HR, 3.031;
95% CI, 1.025 to 8.961). Similar to the overall group, chemotherapy
resistancepredicted for increasedrelapse, increasedtreatment failure, and
worse overall mortality. However, the relative risk of relapse/progression
was halved by use of alloHCT (HR, 0.504; P � .04). Transplantation type
(autoHCT v alloHCT) did not have an impact on OS.

DISCUSSION

To the best of our knowledge, this is the largest report on the outcomes
and analyses of patient-, disease-, and treatment-related factors for
patients with systemic T-NHL undergoing HCT. HCT, whether
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Fig 1. (A) Adjusted progression-free survival (PFS), (B) adjusted overall survival (OS), and (C) nonrelapse mortality (NRM) for all patients (n � 241). (D) PFS, (E) OS,
and (F) NRM for patients who underwent nonmyeloablative stem-cell transplantation/reduced-intensity conditioning (RIC) versus myeloablative allogeneic hematopoi-
etic cell transplantation (allo). NS, not significant. (Continued on next page).
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autologous or allogeneic, can benefit a considerable subset of patients
with T-NHL, with few patients relapsing beyond 3 years. Despite
baseline differences in autoHCT and alloHCT recipients, a unifying
finding was that transplantation was often offered late in the disease
course, with 50% of alloHCT and 30% of autoHCT patients receiving
more than two prior treatment regimens. Such late referral was detri-
mental; the use of either modality for patients receiving more than two
lines of therapy was associated with a three-fold increased risk of
relapse, five-fold increased risk of overall mortality, and a seven-fold
increased risk of NRM. A corollary of the number of regimens is
chemotherapy sensitivity; patients with chemotherapy-resistant dis-
ease had essentially a two-fold increased risk of relapse, treatment
failure, and overall mortality. Considering that chemotherapy-
resistant patients more often receive more than two lines of pretrans-
plantation therapy, these findings are likely related. The main
implication is that if transplantation is to be applied, both toxicity and
efficacy are optimized by fewer prior chemotherapy regimens, and
transplantation is most beneficial when offered as part of first- or
second-line therapy.

The initial intent was to compare autoHCT v alloHCT outcomes,
but there were substantially differing baseline characteristics by treat-
ment modality. Patients undergoing autoHCT were more likely to be
in CR1, have chemotherapy-sensitive disease, have ALCL subtype,
and have two or fewer lines of prior therapy. To account for these

differences, an adjusted model was used in multivariate analysis to
assess the relative risk of autoHCT v alloHCT and evaluate prognostic
factors. This model did not find a difference in relapse/progression
between autoHCT and alloHCT, although the latter significantly in-
creased NRM (HR, 3.543).

An intriguing finding is that high-dose chemotherapy as part of
autoHCT can be beneficial at relapse, which conflicts with several
prior reports.10-13 When excluding patients in first remission, the
aggregate group of autoHCT recipients had 3-year PFS and OS rates of
41% and 53%, respectively, with a robust median follow-up time of 73
months. In particular, patients with ALCL undergoing autoHCT at
relapse had superior overall survival compared with alloHCT recipi-
ents; similar conclusions for other histologies is precluded by small
numbers. NRM, although higher than that reported in many B-cell
lymphoma series, was 4% at 1 year and 6% at 3 years. These findings
along with the results of the multivariate analysis (Table 4) suggest
that, despite discouraging retrospective reports previously discussed, a
subset of relapsed patients with T-NHL can benefit from effective
salvage treatment with autoHCT, particularly if performed as part of
second-line therapy and if chemotherapy sensitivity is demonstrated.
Given that half the pool of patients undergoing autoSCT beyond CR1
had ALCL histology, this likely influences the results of the multivar-
iate analysis; however, histology did not specifically emerge as a signif-
icant factor.
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AlloHCT has been proposed as an alternative to autoHCT, given
the potential for graft-versus-leukemia effects and reports of durable
remissions and few late relapses.14-17 Among 126 patients undergoing
alloHCT in our series, we did not find differences in outcome on the
basis of either donor type (related v unrelated) or regimen intensity
(myeloablative v NST/RIC). When considering regimen intensity,
there are few comparative reports, but La Société Française de Greffe
de Moëlle et de Thérapie Cellulaire (SFGM-TC) found no difference
in either toxicity or survival between MA and NST regimens; the
impact of regimen intensity on relapse was not reported.18 Of note, a
single-center review of 52 patients found that RIC regimens conferred
a seven-fold increased risk of relapse but no difference in either PFS or
OS.19 Our series found no difference in 3-year transplantation-related
mortality, PFS, OS, or risk of relapse/progression by alloHCT regimen
intensity. In addition, neither AGVHD nor CGVHD correlated with
outcome, although patients not in remission at time of transplanta-
tion had a four-fold increased risk of CGVHD.

A limitation of this analysis was lack of central pathology review
for all patients. For example, the WHO defines two distinct subsets of
ALCL on the basis of ALK status that differ by age. ALK-positive ALCL
occurs primarily in males younger than age 30 years, and many con-
sider this a pediatric disease. In contrast, ALK-negative ALCL is more
common beyond age 40. Despite the impact of ALK on response to
initial treatment, we were unable to include ALK status in our analysis
because of unavailable data. Several lines of evidence suggest that
higher International Prognostic Index and increased age are powerful
surrogates for ALK, with high-risk patients faring poorly, independent
of ALK status.20 A subanalysis of the International T-Cell Lymphoma
Project observed that patients older than age 40 years had no differen-
tial outcome (PFS or OS) on the basis of ALK positivity.21 In our
analysis, the median age of patients was 43 years for autoHCT and 38
years for alloHCT recipients, making a high proportion of ALK-
positive patients unlikely. Furthermore, the significance of ALK status
at relapse is unknown, suggesting an attenuated impact of ALK status
in this setting that hopefully limits the impact of this deficiency.

Another issue inherent to transplantation registries is that only
patients undergoing transplantation are included, with no data re-
garding patients unable to receive HCT because of refractory disease,
age, comorbidities, or other factors. In light of the advanced median
age of patients with T-NHL, clearly only a portion of them undergo
transplantation. Furthermore, there is keen awareness of inade-
quate first-line regimens, with primary refractory disease often
precluding transplantation. A Spanish intent-to-treat analysis
found that only 40% of patients undergoing induction underwent
autoHCT because of primary treatment failure,22 although other
prospective trials show that higher proportions of patients (66% to
80%) of patients can proceed.

Despite these caveats, this large series shows that HCT can benefit
patients with T-NHL in both relapsed and first-line settings, and with
both autoHCT and alloHCT approaches. Importantly, approximately
40% of patients undergoing autoHCT at the time of relapse attain
long-term benefit and disease control, particularly for ALCL histol-
ogy. One-third of alloHCT recipients remain progression-free at 3
years, despite being more heavily pretreated and having more
refractory disease. Our results suggest that if HCT is considered,
outcomes are best in chemotherapy-sensitive patients at the time of
first- or second-line therapy, perhaps supporting evolving treat-
ment paradigms in T-NHL in which HCT is considered earlier in
overall management.
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Appendix

Table A1. Subset Analysis by Histology: Univariate Probabilities of Outcome for ALCL, PTCL, and AITL

Outcome Event

ALCL PTCL AITL

AutoHCT
(n � 61)

AlloHCT
(n � 51)

P

AutoHCT
(n � 39)

AlloHCT
(n � 63)

P

AutoHCT
(n � 15)

AlloHCT
(n � 12)

P% 95% CI (%) % 95% CI (%) % 95% CI (%) % 95% CI (%) % 95% CI (%) % 95% CI (%)

Acute GVHD, grades 2 to 4
At 100 days 18 9 to 30 10 4 to 19 8 0 to 30

Chronic GVHD
At 1 year 20 10 to 32 41 28 to 53 27 6 to 56
At 3 years 22 12 to 34 43 30 to 55 27 6 to 56

Nonrelapse mortality
At 100 days 2 0 to 8 22 12 to 34 � .001 3 0 to 12 16 8 to 26 .0115 0 8 1 to 31
At 1 year 10 4 to 19 29 18 to 42 .0093 3 0 to 12 28 17 to 39 � .001 7 0 to 26 8 1 to 31 .8709
At 3 years 10 4 to 19 31 19 to 44 .0046 15 5 to 31 29 19 to 41 .1164 7 0 to 26 8 1 to 31 .8709

Relapse/progression
At 1 year 31 20 to 43 31 19 to 44 .9989 37 22 to 52 32 21 to 44 .6399 40 16 to 63 25 6 to 50 .399
At 3 years 35 23 to 47 33 21 to 46 .8679 56 37 to 71 38 26 to 50 .098 47 21 to 69 25 6 to 50 .2274

Progression-free survival
At 1 year 59 45 to 70 39 26 to 52 .0376 60 43 to 74 40 28 to 52 .045 53 26 to 74 67 34 to 86 .4767
At 3 years 55 42 to 67 35 22 to 48 .0319 29 14 to 47 33 22 to 45 .7188 47 21 to 69 67 34 to 86 .2858

Overall survival
At 1 year 73 60 to 83 49 35 to 62 .0072 64 46 to 77 52 38 to 64 .25 60 35 to 82 92 70 to 100 .034
At 3 years 68 54 to 78 41 27 to 54 .0034 45 27 to 62 42 30 to 55 .7979 51 26 to 76 83 56 to 98 .077

Overall mortality
At 30 days 0 8 3 to 20 0 2 0 to 11 7 1 to 39 8 1 to 46 .87
At 100 days 7 3 to 17 33 22 to 48 � .001 8 3 to 22 22 14 to 35 .0315 13 4 to 44 8 1 to 46 .67

Abbreviations: AITL, angioimmunoblastic T-cell lymphoma; ALCL, anaplastic large-cell lymphoma; alloHCT, allogeneic hematopoietic cell transplantation; autoHCT,
autologous HCT; GVHD, graft-versus-host disease; PTCL, peripheral T-cell lymphoma.

Table A2. Cause of Death by Transplantation Modality

Cause of Death

AutoHCT Myeloablative NST/RIC

No. of Patients No. % No. of Patients No. % No. of Patients No. %

No. of patients 115 74 45
No. of deaths 51 45 24

Primary disease 37 73 18 40 11 46
Infection 4 8 2 4 3 13
IPn 0 4 9 2 8
ARDS 2 4 2 4 0
Organ failure 4 8 10 22 3 13
Accidental death 1 2 0 0
Graft failure 1 2 0 0
Hemorrhage 0 3 7 1 4
GVHD 0 3 7 2 8
Pulmonary toxicity 0 2 4 0
Vascular (cardiac or

cerebral)
0 1 2 1 4

Other, not specified 2 4 0 1 4

Abbreviations: ARDS, acute respiratory disease syndrome; autoHCT, autologous hematopoietic cell transplantation; GVHD, graft-versus-host disease; IPn,
interstitial pneumonitis; NST, nonmyeloablative stem-cell transplantation; RIC, reduced-intensity conditioning.
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