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Abstract

The role of autologous stem cell transplantation (autoSCT) as consolidating treatment for peripheral T-cell lymphoma (PTCL) is
unsettled. The aim of this analysis was to investigate the impact of autoSCT in the upfront setting by intent-to-treat and to study
salvage strategies after relapse. Retrospective follow-up of all patients aged 18—70 years and treated at our institution for ALK-
PTCL diagnosed between 2001 and 2014. Of 117 eligible patients, diagnosis was PTCL-NOS in 34, ALCL ALK—in 31, AITL in
28, and other PTCL in 24 patients. Disregarding 20 patients who received first-line treatment externally, upfront autoSCT was not
intended in 34 due to comorbidity, higher age, low IPI, physician’s decision or unknown reasons (nITT), while intent-to-
transplant (ITT) was documented in 63 patients. ITT was not associated with significant benefits for 5-year progression-free
survival (PFS) and overall survival (OS) with 46 and 23% in the ITT group vs. 42 and 25% in the nITT group, even after
multivariate adjustment for confounders. Altogether, 91 of all 117 patients relapsed or progressed. Thirty-one patients managed
to proceed to salvage allografting and achieved a 5-year OS of 52%. In contrast, all 7 patients receiving salvage autoSCT relapsed
and died, and only 3 of the 51 patients not eligible for SCT salvage survived. In this study, a significant benefit of intending first-
line autoSCT over non-transplant induction in patients with ALK-PTCL did not emerge. Most patients fail first-line treatment and
have a poor outlook if salvage alloSCT cannot be performed.

Keywords Peripheral T-cell lymphoma - Hematopoietic stem cell transplantation - Salvage therapy - Antineoplastic combined
chemotherapy protocols - Adults - Treatment outcome

Introduction

Peripheral T-cell lymphomas (PTCLs) are a rare and heteroge-
neous group of generally aggressive non-Hodgkin’s lymphomas
(NHLs) [1]. In comparison to aggressive B-cell lymphomas, the
prognosis of PTCL is poor, except for anaplastic lymphoma
kinase-positive ALCL (ALCL ALK+) [1]. With standard
CHOP (cyclophosphamide, doxorubicin, vincristine,
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prednisone) or CHOEP (CHOP plus etoposide)-based first-line
therapy, the 3-year progression-free survival (PFS) ranged from
21 to 61% in patients with PTCL not otherwise specified (PTCL-
NOS), anaplastic lymphoma kinase-negative ALCL (ALCL
ALK-), and angioimmunoblastic T-cell lymphoma (AITL), de-
pending on the patient’s IPI (International Prognostic Index)
[2-4]. More intensive chemotherapy regimens do not appear to
improve the prognosis of patients with PTCL [5, 6]. Moreover,
consolidation of first-line responses with autologous stem cell
transplantation (autoSCT) has been evaluated in PTCL [6-15].
However, in the absence of comparative trials, the role of
autoSCT for early consolidation in PTCL remains unclear [2].

In case of relapse, the outcome has been found to be ex-
tremely dismal with median survival times of only a few
months in unselected population-based studies [7, 16, 17]. In
contrast, most studies restricted to patients selected for trans-
plantation actually performed reported a substantial propor-
tion of long-term survivors both after autoSCT and allogeneic
stem cell transplantation (alloSCT) [10, 18-25].
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The aim of the present study was to investigate the feasi-
bility and efficacy of autoSCT in the upfront setting and the
impact of stem cell transplantation on the outcome of relapsed
or refractory PTCL in an unselected population.

Patients and methods
Study design and patient eligibility

Eligible for this retrospective single-center analysis were
all consecutive patients aged 18-70 years who were

referred to the University of Heidelberg for treatment
of PTCL between 2001 and 2014. All diagnoses were
made or confirmed by an experienced hematopathologist.
ALCL ALK+ and primary cutaneous lymphomas except
ALCL ALK- with systemic manifestations were exclud-
ed as well as T-cell leukemias. The primary objective of
the first part of the study was to analyze the impact of
an intent-to-autoSCT strategy in first-line treatment on
outcome. The primary objective of the second part of
the study was to investigate the impact of autologous
and allogeneic transplantation on survival after PTCL
relapse.

Fig. 1 Flow diagram of first-line
treatment of all patients with
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All patients gave written informed consent to data collec-
tion and scientific evaluation. Data analysis was approved by
the Institutional Review Board (Approval S-200/2010).

Definitions

Disease response was defined according to the response
criteria for lymphomas [26]. If the intention to autoSCT or
alloSCT for consolidation after first-line treatment was docu-
mented and/or a stem cell mobilization attempt planned and/or
a donor search initiated, patients were assigned to the intent-
to-transplant group (ITT), whereas all other patients were con-
sidered as not intended to be transplanted (nITT).

Statistical analysis

Co-primary endpoints for the first part of the study were PFS
and overall survival (OS) calculated from start of therapy.
Primary endpoint of the second part of the study was OS from
first relapse. PFS-defining events were relapse/disease progres-
sion or death from any cause. The OS-defining event was death
from any cause. Survival times were calculated by the Kaplan-
Meier method and compared using the log-rank test. Median
survival and p values are presented. The median follow-up (FU)
was calculated by reversed Kaplan-Meier estimate. Categorical
variables were described by absolute and relative frequencies.
Quantitative variables were summarized by median and

Table 1 Patient characteristics

Variable ITT (n=63) No ITT (n=34) Extern (1 =20) All (n=117)
First-line treatment
Age, median (range) *52 (20-69) *57 (30-70) 59 (30-70) 54 (20-70)
Male sex, n (%) 41 (65%) 26 (76%) 19 (95%) 86 (76%)
B-Symptoms, 1 (%) 34 (54%) 15 (44%) 10 (50%) 59 (50%)
ECOG =2, n (%) 21 (33%) 12 (35%) 1 (5%) 34 (29%)
Stage III/IV, n (%) 43 (68%) 21 (62%) 11 (55%) 75 (64%)
LDH, n (%)
> Normal *44 (70%) *15 (44%) 6 (30%) 65 (56%)
missing value 2 (3%) 3 (9%) 10 (50%) 15 (13%)
IPL 1 (%)
Low 10 (16%) 7 (21%) 3 (15%) 20 (17%)
Low-intermediate 10 (16%) 9 (26%) 1 (5%) 20 (17%)
High-intermediate 25 (40%) 8 (24%) 4 (20%) 37 (32%)
High 16 (25%) 7 (21%) 2 (10%) 25 21%)
Low/Low-intermediate 22 (35%) 17 (50%) 8 (40%) 47 (40%)
High/High-intermediate 41 (65%) 15 (44%) 6 (30%) 62 (53%)
Not evaluable (missing LDH) 2 (6%) 6 (30%) 8 (T%)
PTCL subtype, n (%)
NOS 20 (32%) 6 (18%) 8 (40%) 34 (29%)
ALCL Alk— 18 (29%) 9 (26%) 4 (20%) 31 26%)
AITL 14 (22%) 8 (24%) 6 (30%) 28 (24%)
NKTL 5 (8%) 5 (15%) 1 (5%) 11 9%)
EATCL 5 (8%) 4 (12%) 1 (5%) 10 9%)
HSTL 1 2%) 2 (6%) 0 3 (3%)
First-line treatment, n (%)
CHOP 38 (60%) 20 (59%) 14 (70%) 72 (62%)
CHOEP 17 27%) 3 (9%) 4 (20%) 24 (21%)
MTX containing 6 (10%) 4 (12%) 1 (5%) 11 (9%)
Other *2 (3%) *7 (21%) 1 (5%) 10 (9%)

AITL angioimmunoblastic T-cell lymphoma, ALCL Alk— anaplastic large cell lymphoma kinase-negative,
CHOEP CHOP plus etoposide, CHOP cyclophosphamide doxorubicin vincristine prednisone, FATCL
enteropathy-associated T-cell lymphoma, ECOG performance score of the Eastern Cooperative Oncology
Group, HSTL hepatosplenic T-cell lymphoma, /P International Prognostic Index, /77 intent to transplant, LDH
lactate dehydrogenase, MTX methotrexate, NKTL NK/T-cell lymphoma, NOS not other specified, PTCL periph-

eral T-cell lymphoma
*p <0.05 (ITT vs nITT)
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interquartile range. The Fisher’s exact test was used for testing
associations between qualitative variables, Mann-Whitney test
was used to compare quantitative variables between two
groups, respectively. Statistical analyses were done with
GraphPad Prism (release 5.0; San Diego, CA, USA); multivar-
iate analysis for OS and PFS was made by Cox regression using
IBM SPPS Statistics (release 24.0; Armonk, NY, USA).

Results
Patients

Overall, 119 patients met the inclusion criteria. Two of them
with a very aggressive course were diagnosed only after death
and excluded from further analysis. In 20 patients, first-line
treatment had been performed externally. Nineteen of these
were referred to us with refractory disease or relapse; 2 of
them after first-line autoSCT. The remaining patient was re-
ferred in complete remission (CR) after autoSCT performed
externally. The other 97 patients were referred before or dur-
ing first-line treatment without a preceding relapse or refrac-
tory disease (Fig. 1).

Patient characteristics and outcome
by intent-to-transplantation

Disregarding the 20 patients who had received first-line treat-
ment externally, autoSCT in first remission was intended in 63
patients (ITT), while 34 patients were not intended to be
transplanted because of comorbidity, higher age, low IPI, phy-
sician’s decision, or unknown reasons (nITT). Also, three pa-
tients who died within 2 weeks after starting therapy were
assigned to the nITT group.

In the nITT group, median age was slightly higher, but a
significantly smaller proportion of patients had an elevated
LDH (although not translating into a significant IPI differ-
ence), and a significantly higher fraction of patients received
induction other than CHOP/CHOEP. Detailed patient charac-
teristics are listed in Table 1.

Both 5-year OS and PFS were not statistically different
with 46 and 23% in the ITT group vs. 42 and 25% in the
nITT group, respectively (Fig. 2).

By multivariate analysis adjusting for gender, age, IPI,
PTCL subtype, and ITT, only younger age was associated
with significant benefits for OS but not for PFS (Table 2).

Autologous transplantation in first remission
In the ITT group, transplantation was actually performed in 34
patients (54%). Thirty-two patients underwent autoSCT and 2

an allograft. Disease status at SCT was chemorefractory in two
patients (one each in the autoSCT and alloSCT group), whereas
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Fig.2 Intended autologous transplantation (ITT) for consolidation in first
remission versus no intent to transplantation (nITT) was not associated
with significant benefits for a overall survival (OS) and b progression-
free survival (PFS)

all other patients proceeding to SCT had chemosensitive dis-
ease. Reasons for not undergoing transplantation though
intended are detailed in Fig. 1.

Altogether, 72 of the 117 patients (62%) achieved at
least partial remission (PR) after induction therapy.
Thirty-four (47%) of them received an autoSCT for con-
solidation, while 38 patients (53%) with a response dura-
tion of at least 2 months did not because transplant was
not intended or not possible due to the reasons listed in
Fig. 1. Consolidation with autologous transplantation in
first remission was not associated with a significant ben-
efit compared to non-transplanted patients (5-year PFS 35
vs 27%, p =0.96; 5-year OS 58 vs 47%, p=0.39).

Relapse and outcome by secondary treatment
strategies

Altogether, 91 of the 117 eligible patients (78 %) were primary
refractory (n =47, 40%) or relapsed within (n=19, 16%) or
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Table2 Multivariate analysis
(a) For OS and PFS from start of therapy
(6N PES
Variable p value HR (95% CI) p value HR (95% CI)
Gender (reference category: male) 0.13 0.64 (0.36-1.14) 0.23 0.74 (0.45-1.21)
Age (per year) 0.01 1.03 (1.01-1.06) 0.77 1.00 (0.98-1.03)
IPI (reference category: low/low-intermediate) 0.06 1.82 (0.98-3.41) 0.16 1.50 (0.86-2.62)
PTCL subtype (reference category: ALCL ALK-) 0.26 0.35
AITL 0.52 0.77 (0.34-1.73) 0.54 0.81 (0.40-1.61)
NOS 0.69 1.16 (0.57-2.35) 0.62 1.17 (0.63-2.18)
Other 0.16 1.71 (0.81-3.61) 0.20 1.54 (0.79-2.98)
ITT (reference category: ITT) 0.43 0.37
nlITT 0.33 1.36 (0.74-2.50) 0.79 1.08 (0.62—-1.87)
First-line extern 0.25 1.55(0.73-3.28) 0.16 1.62 (0.83-3.15)
(b) For OS from first relapse
Variable p value HR (95% CI)
Gender (reference category: male) 0.62 0.85 (0.46-1.59)
Age at relapse (per year) 0.002 1.04 (1.02-1.07)
IPI (reference category: low/low-intermediate) 0.37 1.41 (0.76-2.63)
PTCL subtype (reference category: ALCL ALK-) 0.45
AITL 0.75 0.87 (0.35-2.11)
NOS 0.86 1.07 (0.50-2.27)
other 0.21 1.64 (0.76-3.57)
Time to relapse (reference category <2 months) 0.36
2-6 months 0.57 0.83 (0.43-1.60)
> 6 months 0.15 0.60 (0.30-1.21)

AITL angioimmunoblastic T-cell lymphoma, ALCL Alk— anaplastic large cell lymphoma kinase-negative, CI confidence interval, HR hazard ratio, [P/
International Prognostic Index, /77 intent to transplant, n/77T no intent to transplant, NOS not other specified, OS overall survival, PFS progression-free

survival, PTCL peripheral T-cell lymphoma

beyond 6 months after end of first-line therapy (n =25, 21%).
Two patients died within 2 weeks after starting first-line ther-
apy due to a very aggressive course of disease and were there-
fore excluded from further analysis regarding relapse manage-
ment (Fig. 3).

Primary relapse treatment policy in eligible patients was
attempting alloSCT after re-induction with salvage chemother-
apy. Patients not eligible for alloSCT who had not undergone
autoSCT as part of first-line therapy were considered for sal-
vage autoSCT. DHAP (dexamethasone, cytarabine, cisplatin)
was the most frequently used chemotherapy for re-induction
(n=139), followed by high-dose methotrexate (n=7) and
DexaBEAM (dexamethasone, carmustine, etoposide,
cytarabine, melphalan; n=4). Seven patients received other
poly-chemotherapy protocols, 16 patients obtained mono-che-
motherapy, 2 underwent a radiation for local disease control,
and 9 patients got steroid monotherapy only. Brentuximab was
used for first salvage therapy in 4 and for subsequent-line
therapy in 6 further patients.

Median second PFS and OS after relapse/progression was
only 3 and 7 months, respectively, resulting in a 5-year OS of

20% (95% confidence interval (95%CI) 12-30%). Time of
relapse after induction therapy did not predict the post-
relapse outcome (Fig. 4).

Overall, 51 patients (57%) could not proceed to SCT gen-
erally because of progressive disease (38%), poor perfor-
mance status (43%), or advanced age (8%). Of these, only
three patients were alive at the time of data cut-off, two of
them with a very short follow-up, translating into a median
OS after relapse of 3 months. Of the 38 patients who managed
to proceed to SCT, 31 underwent an alloSCT, 7 of them (23 %)
with chemorefractory disease (Table 3).

While 14 allografted patients died of progressive disease
(n="7) or non-relapse mortality (NRM; n =7), 17 patients live
disease-free at a median follow-up of 5.8 years (1.4—12.3)
after relapse, corresponding to an estimated 5-year OS of
52% (95%CI1 32—-68%) (Fig. 5). In contrast, all seven patients
who received an autoSCT as only salvage transplant strategy
died of progressive disease, with a median OS of 10 months
(Fig. 3). Relapsed patients from the ITT group underwent an
alloSCT (43%) more frequently than patients in the nITT
group (20%).
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Fig. 3 Flow diagram of all
patients with peripheral T-cell
lymphoma (PTCL) with
refractory or relapsed disease
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Moreover, only younger age, but neither time to relapse nor
PTCL subset or IPI had a significant impact on survival after
relapse by multivariate analysis (Table 2).

Discussion

The aim of this study was to investigate the natural course of
ALK—PTCL in an unselected population with particular focus
on transplant strategies in the first-line and salvage settings. In
patients scheduled for upfront autoSCT, transplantation was

100
Time of relapse after end of induction

80 —— <2 months (n=45)

= >2-6 months (n=19)
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(2}
o
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Fig. 4 Time to relapse (<2 months versus 2—6 months versus >
6 months) after end of induction therapy did not predict the post-relapse
overall survival (OS)
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feasible only in 54% of the patients. The most frequent reason
for failure was primary refractory disease. On intent-to-treat
analysis, the estimated 5-year PFS was less than 25% irrespec-
tive of intent-to-transplant. These results appear to be worse
than those of the prospective trials of the German High-Grade
Non-Hodgkin Lymphoma Study Group (DSHNHL), where a
3-year PFS of 41 to 50% in patients with PTCL-NOS, ALCL
ALK—, and AITL could be obtained [3]. Selection bias in the
prospective trials may contribute to this difference. In
population-based studies, 5-year PFS was about 20-30% [1,
7, 27] and therefore comparable to our study.

The impact of upfront autoSCT has been investigated in a
few prospective and some retrospective studies [6—15]. In the
largest prospective series, a phase II trial of the Nordic
Lymphoma Group, 160 patients with untreated PTCL except
ALCL ALK+ were intended to undergo autoSCT after stan-
dard CHOP-based induction. Early failures occurred in 26%,
but 72% of patients underwent transplantation leading to a 5-
year PFS of 44% [9]. Similar results have been reported in a
German intent-to-transplant trial on 111 patients [8]. In these
two prospective studies, however, only patients who were con-
sidered to tolerate autoSCT were included. Selection bias might
be even stronger in retrospective studies on upfront autoSCT
selecting for patients actually transplanted [6, 10, 11, 14],
where 5-year PFS rates of up to 80% have been reported [10].

Similarly, a 5-year PFS of 41% was observed in the ITT
group of a large population-based retrospective study from
Sweden [7], with 68% of 128 patients planned for upfront
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Table 3 Patient and transplant

characteristics of patients Variable

AlloSCT (n=31) AutoSCT (n="7)

undergoing transplantation in the
salvage setting
Male sex, n (%)
PTCL subtype, n (%)
NOS
ALCL ALK-
AITL
Other
Type of resistance, n (%)
Primary refractory

Relapse > 2 and < 6 months after end of induction
Relapse > 6 months after end of induction

Prior autoSCT, n (%)
As part of first-line therapy
As part of salvage therapy

Time from relapse to SCT, median (range); months

Disease status at SCT, n (%)
Chemosensitive
Chemorefractory

Donor, n (%)

Matched related

Unrelated

Conditioning intensity, n (%)
Myeloablative

Reduced

Unknown

Conditioning TBI-based, n (%)
Yes

No

Unknown

Age at SCT, median (range); years

51 (21-65) 63 (44-72)
21 (68%) 6 (86%)
4 (13%) 4 (57%)
13 (42%) 1 (14%)
9 (29%) 1 (14%)
5 (16%) 1 (14%)
17 (55%) 5(71%)
7 (23%) 1 (14%)
7 (23%) 1 (14%)
15 (48%) 0

12 (39%)

3 (10%)

4(1-17) 4 (3-11)
24 (77%) 4 (57%)
7 (23%) 3 (43%)
17 (55%)

14 (45%)

18 (58%)

12 39%)

1 3%)

19 (61%)

11 35%)

1 3%)

AITL angioimmunoblastic T-cell lymphoma, ALCL Alk— anaplastic large cell lymphoma kinase-negative,
AlloSCT allogeneic stem cell transplantation, AutoSCT autologous stem cell transplantation, NOS not other
specified, PTCL peripheral T-cell lymphoma, SCT stem cell transplantation, 7B/ total body irradiation

autoSCT actually receiving a transplant. This was significant-
ly better than the 5-year PFS of 20% in 124 comparable pa-
tients who were not planned to be transplanted. One caveat
raised by the investigators of the Swedish study was a possible
selection bias caused by early treatment failures who may not
been included in the ITT-autoSCT group. In keeping with this
hypothesis, the overall response rate (ORR) to first-line treat-
ment was lower in the present study with only 62%, partly
explaining why the proportion of patients proceeding to a
planned autoSCT was smaller (54%), and contributing to the
comparably poor 5-year PFS of only 23%.

However, even when restricting the analysis to those 72
patients who actually responded to induction, we were not able
to show a significant benefit of a consolidative autoSCT. This
finding is in line with two recent retrospective studies includ-
ing only patients with PTCL in first remission who underwent
or did not undergo autoSCT consolidation [28, 29].

In case of relapse, alloSCT appears to be the most potent
tool for achieving durable disease control [30]. In our study,
sustained remissions and long-term survival were only ob-
served after allogeneic transplantation, even though 23% of
the patients underwent alloSCT in a chemorefractory disease
status. NRM and death due to progression were each 23%,
which is similar to results reported previously [18-21].
Patients intended to upfront autoSCT underwent more often
an alloSCT in case of relapse than those not scheduled for
initial transplantation, which may have contributed to the
trend for better OS in patients intended to transplant first line.
In contrast, none of the patients who were unable to proceed to
alloSCT in case of relapse enjoyed durable disease control, if
any. Notably, this included patients who underwent salvage
autoSCT. This is in contradiction to a variety of registry stud-
ies which suggest 3-year PFS rates of up to 42% in patients
undergoing autoSCT in chemosensitive relapse [10, 11, 25,
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Fig. 5 In case of relapse, only allogeneic transplantation (alloSCT) could
achieve sustained remission with a 5-year overall survival (OS) of 52%,
whereas no transplant salvage strategies (noSCT) and autologous
transplantation (autoSCT) achieved only a short median OS

31]. However, the number of patients receiving autoSCT was
small in our study, and the non-alloSCT group represents a
negative selection by including all patients who were too pro-
gressive, too sick, or for other reasons ineligible for alloSCT.

The results of alloSCT observed in the present study are
comparable to recent findings by Chihara et al. who investi-
gated the outcome of 321 patients with PTCL-NOS or AITL
failing first-line therapy. In their analysis, 5-year OS of the 31
patients who proceeded to alloSCT was 52%. Although in that
study the proportion of patients actually receiving alloSCT
was < 10% and thus much smaller than in the present study
(35%), the global OS was similar with 24% at 5 years [32].
The reason for this is that the 5-year OS of patients treated
with autoSCT only (n = 36,) and of patients never transplanted
was better than in the present study with 32 and 10%, respec-
tively. Nevertheless, the results of our study strongly suggest
that early alloSCT should be attempted in patients with
relapsed/refractory PTCL if ever possible, especially given
the fact that at every line of relapse/progression a large fraction
of patients with PTCL will be unable to undergo any further
treatment [7, 16, 17, 32].

With the recent advent of novel therapeutic options, such as
brentuximab vedotin and checkpoint inhibitors, the outlook in
particular of relapsed ALCL may dramatically improve [33,
34]. However, these agents were unavailable for the patients
analyzed here except for brentuximab in a few patients with
ALCL treated from 2012 onwards.

Interestingly, our data showed that time of relapse after
induction therapy does not appear to predict the post-
relapse outcome. This is in contrast to experience in pa-
tients with diffuse large B-cell lymphoma who have a
worse outcome if relapse occurred within 12 months after
diagnosis [35], just as in patients with mantle cell lym-
phoma [36] and follicular lymphoma [37] relapsing within
1 year after upfront autoSCT.

@ Springer

In conclusion, a significant benefit of intending first-line
autoSCT over non-transplant induction in patients with ALK—
PTCL did not emerge in this study. More than three quarters of
all patients will fail first-line treatment irrespective of
autoSCT intention. These patients have a very poor outlook
regardless of duration of first remission if salvage alloSCT
cannot be performed, giving a rationale for using this modality
early in patients with PTCL relapse.
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