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Key Points

• Pooled analysis
confirms pralatrexate
clinical activity in
heavily pretreated
patients with R/R
PTCL.

• Exploratory analyses
suggest that certain
populations of patients
might derive more
benefit from
pralatrexate therapy.
Patients with relapsed or refractory (R/R) mature natural killer cell and T-cell lymphoma

have limited treatment options. To evaluate pralatrexate’s performance and factors

influencing its safety and efficacy in R/R peripheral T-cell lymphoma (PTCL), we performed

a pooled analysis of data from 4 similarly designed, regulatory-mandated prospective

clinical trials. Of 221 patients (median age, 59 years; 67.0% male) in the study population,

48.9% had PTCL not otherwise specified (PTCL-NOS), 21.3% angioimmunoblastic T-cell

lymphoma, and 11.8% ALK-negative anaplastic large cell lymphoma (ALCL). Patients

received pralatrexate for a median of 2.56 months (range, 0.03-24.18) and had a 40.7%

objective response rate with a median duration of response of 9.1 months, progression-free

survival 4.6 months, and overall survival 16.3 months. The most common treatment-related

all-grade adverse events were stomatitis, thrombocytopenia, white blood cell count

decrease, pyrexia, and vomiting. Subgroup exploratory analyses suggest improved efficacy

with 1 prior line of chemotherapy vs 2 or ≥4 prior lines; PTCL-NOS or ALCL vs transformed

mycosis fungoides; chemotherapy and transplant before pralatrexate vs chemotherapy

alone or chemotherapy with other nontransplant treatments. In conclusion, these pooled

analysis results further support using pralatrexate in patients with R/R PTCL. Prospective

studies are needed to confirm the findings of subgroups analyses.

Introduction

Peripheral T-cell lymphomas (PTCLs), a category of rare non-Hodgkin lymphomas, also referred to as
mature natural killer (NK) cell and T-cell lymphoma, include 29 subtypes.1,2 The estimated US annual
incidence of the 2 most common forms of PTCL is 2500 cases of PTCL not otherwise specified
(PTCL-NOS) and 1800 cases of angioimmunoblastic T-cell lymphoma (AITL).2 There is no widely
accepted standard of care for patients with these diseases due to limited and inconclusive data from
mostly small noncomparative studies and a few randomized prospective trials. Patients eligible for
anthracycline with PTCL-NOS, AITL, and other aggressive PTCLs often receive firstline chemotherapy
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with cyclophosphamide, doxorubicin, vincristine, prednisone, and
with or without etoposide.3 Despite inconclusive data, many phy-
sicians in Western countries recommend consolidation therapy
with autologous stem cell transplantation (SCT) for patients with
PTCL who achieve first remission.2 Patients with PTCL-NOS and
AITL have a 32% estimated 5-year overall survival (OS).4

Patients with relapsed or refractory (R/R) PTCL marginally benefit
from traditional chemotherapy.5 A registry data analysis reported a
median OS of 29.1 months for relapsed disease and 12.3 months
for refractory disease.6 Another analysis from this registry noted
longer OS and progression-free survival (PFS) with monotherapies
(ie, pralatrexate, romidepsin, belinostat, brentuximab vedotin,
bendamustine, alisertib, denileukin diftitox, and lenalidomide) than
with combination chemotherapy in R/R PTCL.7 A large cohort
study reported median 4-month event-free survival, 9.1-month OS,
and 34% 3-year OS in patients with R/R PTCL and disease
progression.8

There is no consensus on a standard of care for patients with R/R
PTCL, and there is a lack of comparative effectiveness data for
monotherapies.2 Studies on patients with R/R PTCL are difficult to
perform and interpret because these diseases are rare with nearly
30 distinct subtypes. Patients who are not eligible for SCT or
unable to participate in a clinical trial are candidates for palliative
chemotherapy, typically as a monotherapy to reduce untoward
toxicity and attempt to control disease-related symptoms.2 Com-
bination chemotherapy is typically associated with more toxicity,
which can limit the number of cycles that can be administered, and
short duration of benefit. Chemotherapy agents such as gemcita-
bine and, to a lesser extent, bortezomib, bendamustine, lenalido-
mide, and etoposide have all been used off-label in R/R PTCL,
despite limited data supporting their use.2

To date, 4 drugs have been approved by the US Food and Drug
Administration for patients with R/R PTCL. These include the
antifolate pralatrexate, the histone deacetylase inhibitors belinostat
and romidepsin (recently withdrawn secondary to a negative phase
4 clinical trial9), and the anti-CD30 monoclonal antibody brentux-
imab vedotin, which was only approved in the R/R setting for
patients with anaplastic large T-cell lymphoma.2 The histone
deacetylase inhibitor chidamide (also called tucidinostat) was
approved in China for the treatment of R/R PTCL.10,11 Tucidinostat
was approved in Japan for R/R PTCL12 and R/R adult T-cell leu-
kemia-lymphoma.13,14 The defucosylated anti-CCR4 monoclonal
antibody mogamulizumab has approval in Japan for previously
untreated and R/R adult T-cell leukemia-lymphoma15-17 and for R/R
PTCL.18 These approved monotherapies for R/R PTCL have
distinct advantages and limitations. Without comparative studies,
medical oncologists/hematologists must critically assess the
limited available data to individualize treatment recommendations.

Pralatrexate was the first drug approved in the United States for R/
R PTCL, based on data from the single-arm, phase 2, multicenter
PROPEL trial including patients from Canada, Europe, and the
United States.19 Subsequently, pralatrexate attained drug regis-
tration/regulatory approval in other countries based on results from
PROPEL19 and the following locally mandated, single-arm regula-
tory studies: a confirmatory phase 3 trial (FOT12-CN-301) con-
ducted in China20; a phase 4 trial (FOT14-TW-401) conducted in
Taiwan21; and a phase 1/2 trial (PDX-JP1) conducted in Japan.22

Here, we have performed a pooled analysis of the PROPEL,
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FOT12-CN-301, FOT14-TW-401, and PDX-JP1 (only phase 2
part) trials to generate a more robust data set for evaluating pra-
latrexate’s performance and factors influencing its safety and effi-
cacy in R/R PTCL.

Methods

Clinical trials

We analyzed pooled patient-level or summary-level data from the
clinical study reports of 4 prospective clinical trials of pralatrexate
monotherapy in patients with R/R PTCL (supplemental Figure 1).19-22

Of 231 patients in the safety analysis set (defined as all patients who
received ≥1 pralatrexate dose), 221 were deemed evaluable for
efficacy. Data were collected in accordance with the original protocol
for each study and, when available, updated with longer survival
follow-up. The institutional review boards or ethics committees at the
participating centers approved the respective studies, which were
conducted in accordance with the Declaration of Helsinki and its
relevant amendments and with the International Conference on
Harmonization Guidelines for Good Clinical Practice.

Patients

The 4 pooled studies had very similar inclusion and exclusion
criteria (supplemental Table 1).19-22 In each study, the PTCL his-
tologic subtypes were confirmed by central review. All participating
patients provided written informed consent.

The PROPEL study19 required that patients have a diagnosis of
PTCL per the 2000 Revised European Lymphoma (REAL) and
World Health Organization (WHO) classification of lymphoid
neoplasm criteria,23 with documented disease progression after
≥1 prior treatment. The FOT12-CN-301 study20 required patients
have a PTCL WHO 2008 diagnosis,24 with disease progression
after ≥1 prior systemic therapy and with an enlarged lymph node or
extranodal mass 1.5 cm. The FOT14-TW-401 study21 required
patients have a PTCL diagnosis per National Comprehensive
Cancer Center diagnosis criteria, revised REAL, and WHO clas-
sification with documented disease progression after prior therapy.
The PDX-JP1 study22 required that patients have PTCL per
2008 WHO classification24 after ≥1 prior antitumor therapy (not
including systemic corticosteroid monotherapy).

Treatments and assessments

In all 4 trials, patients received pralatrexate at a dose of 30 mg/m2

IV over 3 to 5 minutes, weekly for 6 weeks every 7 weeks (1 week
off), and started vitamin B12 and folic acid supplementation
≥10 days before the first dose of pralatrexate.19-22 All 4 studies
assessed patients every 2 cycles. In the PROPEL19 and FOT12-
CN-30120 studies, response assessments were performed within
7 days before the first dose of every even-numbered subsequent
cycle. In the FOT14-TW-401 study,21 response assessments were
performed at the end of cycles 1 (week 7), 3 (week 21), and 5
(week 35) and after the last dose of treatment beyond cycle 5. In
the PDX-JP1 study,22 response assessments were performed at
week 7 of odd-numbered cycles.

The PROPEL19 and the PDX-JP122 studies graded adverse events
(AEs) using the National Cancer Institute Common Toxicity Criteria
for Adverse Events version 3.0. The FOT12-CN-30120 and FOT14-
TW-40121 studies used the National Cancer Institute Common
Toxicity Criteria for Adverse Events version 4.03.
11 JUNE 2024 • VOLUME 8, NUMBER 11



Table 1. Baseline demographic and disease characteristics

Characteristic N = 221

Age, median (range), y 59.0 (21-89)

Age group, n (%)

<65 y 145 (65.6)

≥65 y 76 (34.4)

Gender, n (%)

Female 73 (33.0)

Male 148 (67.0)

Histologic subtype, n (%)

PTCL-NOS 108 (48.9)

AITL 47 (21.3)

ALCL, ALK negative 26 (11.8)

tMF 12 (5.4)

ENKTCL nasal type 7 (3.2)

Blastic NK lymphoma 4 (1.8)

Adult TCL/leukemia HTLV1+ 2 (0.9)

Subcutaneous panniculitis-like TCL 2 (0.9)

Enteropathy-associated TCL 1 (0.5)

Extranodal peripheral NK/T-cell lymphoma
unspecified

1 (0.5)

Missing 11 (5.0)

Time from most recent therapy for MTCL, median
(range), mo

2.0 (0.03-89.2)

Lines of prior systemic regimens, median (range) 2.0 (1-14)

Number of lines of prior systemic regimens, n

(%)

1 76 (34.4)

2 60 (27.1)

3 38 (17.2)

4 20 (9.0)

≥5 27 (12.2)

R/R at most recent prior therapy,* n (%)

Relapsed 54 (24.4)

Refractory 119 (53.8)

Missing 48 (21.7)

Prior treatment for MTCL, n (%)

Chemotherapy 221 (100.0)

SCT 29 (13.1)

Radiation therapy 49 (22.2)

Systemic investigational agents 7 (3.2)

Monoclonal antibody therapy 3 (1.4)

Resection 2 (0.9)

Other therapy 22 (10.0)

Type of prior chemotherapy for MTCL, n (%)

Anthracycline 198 (89.6)

Platinum agents 90 (40.7)

Gemcitabine 67 (30.3)

Methotrexate 37 (16.7)

Novel agents 27 (12.2)

Others 99 (44.8)

Table 1 (continued)

Characteristic N = 221

Best response to most recent prior regimen,

n (%)

CR 44 (19.9)

CRu 1 (0.5)

PR 39 (17.6)

SD 23 (10.4)

PD 66 (29.9)

Not available/not evaluable 48 (21.7)

ECOG performance status, n (%)

0 79 (35.7)

1 118 (53.4)

2 24 (10.9)

ALK, anaplastic lymphoma kinase; ECOG, Eastern Cooperative Oncology Group;
ENKTCL, extranodal NK cell/T-cell lymphoma; HTLV, human T-cell leukemia virus; MTCL,
mature NK cell and T-cell lymphoma; SD, stable disease; tMF, transformed mycosis
fungoides; u, unconfirmed.
*Relapsed was defined as on prior therapy achieving a CR or PR lasting for ≥3 months,

and refractory was defined as stable disease or PD on prior therapy or relapsed disease
<3 months of achieving CR or PR.
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Statistical analysis

The primary efficacy end point across all trials was the objective
response rate (ORR), assessed by central review using the Inter-
national Working Group criteria.19-22,25,26 Secondary efficacy end
points included duration of response (DoR), PFS, OS, and
responses in patients who had undergone SCT after pralatrexate
treatment. DoR was assessed from the first day of documented
response until progressive disease (PD) or death and PFS and OS
from the first treatment day until an event or censoring in the
PROPEL study.19

Data from the studies were combined and reported as observed.
Assessments of the heterogeneity between the studies indicated
that there was some variability in the observed treatment effects in
the studies.

ORR, PFS, and OS were analyzed for the following subgroups: R/
R status at most recent treatment, number of lines of prior
chemotherapy, type of prior chemotherapy, and histologic subtype.
Relapse was defined as achieving a complete response (CR) or
partial response (PR) on prior therapy lasting for ≥3 months.
Refractory was defined as stable disease or PD on prior therapy or
relapsed disease <3 months of achieving CR or PR. These ana-
lyses considered fixed and random effects models.

Results

Patient characteristics

The pooled efficacy population (n = 221) had a median age of 59
years (range, 21-89) and was predominantly male (67.0%) (Table 1).
Most patients (89%) had an Eastern Cooperative Oncology Group
performance status of <2. The 3 most common PTCL histologic
subtypes were PTCL-NOS (48.9%), AITL (21.3%), and
ALK-negative anaplastic large cell lymphoma (ALCL; 11.8%).
Patients had received a median of 2.0 (range, 1-14) prior systemic
regimens, and most patients had received 1 (34.4%) or 2 prior lines
POOLED ANALYSIS OF PRALATREXATE STUDIES IN PTCL 2603



of systemic therapy (27.1%). At the most recent prior therapy,
53.9% of patients had refractory disease, and 24.4% had relapsed.
Among the types of prior treatment for PTCL, all patients had
received chemotherapy, 22.2% radiation therapy, and 13.1% SCT.
The most commonly used types of prior chemotherapy were
anthracycline (89.6%), platinum agents (40.7%), and gemcitabine
(30.3%). As the best response to their most recent prior regimen,
19.9% of patients had a CR and 17.6%, a PR. Baseline patient
characteristics in the individual studies are shown in supplemental
Table 2.

Exposure and safety

The median pralatrexate treatment duration was 2.56 months
(range, 0.03-24.18), with a median dose intensity of 25.8 mg/m2

per week (range, 11.7-31.7). Table 2 lists treatment-emergent AEs
(TEAEs) reported in ≥10% of the total safety population from the 4
studies. The most frequently reported all-grade TEAEs were sto-
matitis (65.8%), anemia (39.8%), nausea (33.8%), thrombocyto-
penia (32.9%), and pyrexia (30.3%).

The safety analyses by worst grade severity (grades 3-5; shown in
Table 2) and by relationship to study treatment excluded patients in
Table 2. TEAEs by preferred term reported in 10% or more patients

TEAE, n (%) All grades (N = 231) Gra

Any TEAE 230 (99.6)

Hematologic

Anemia 92 (39.8)

Thrombocytopenia 76 (32.9)

Neutropenia 56 (24.2)

Leukopenia 35 (15.2)

White blood cell count decrease 41 (17.8)

Neutrophil count decrease 35 (15.2)

Nonhematologic

Stomatitis 152 (65.8)

Nausea 78 (33.8)

Pyrexia 70 (30.3)

Vomiting 56 (24.2)

Constipation 55 (23.8)

Fatigue 52 (22.5)

Rash 48 (20.8)

Cough 47 (20.4)

Edema peripheral 47 (20.4)

Diarrhea 45 (19.5)

Hypokalemia 41 (17.8)

Alanine aminotransferase increase 40 (17.3)

Epistaxis 39 (16.9)

Upper respiratory tract infection 35 (15.2)

Mucosal inflammation 30 (13.0)

Aspartate aminotransferase increase 27 (11.7)

Pruritus 25 (10.8)

Decreased appetite 24 (10.4)

Patients could have >1 TEAE in any category.
*Excludes study PDX-JP121 due to lack of accessible data.
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the PDX-JP1 study21 due to a lack of accessible data from that
study. Among the safety population of 209 patients from the
PROPEL, FOT12-CN-301, and FOT14-TW-401 studies, the most
common grade 3 and 4 TEAEs were thrombocytopenia (18.2%
and 12.9%), stomatitis (17.7% and 1.9%), anemia (16.3% and
2.9%), and neutropenia (12.9% and 6.7%). The most frequently
(ie, ≥10%) reported all-grade TEAEs related to study treatment
were stomatitis (35.4%), thrombocytopenia (26.3%), white blood
cell count decrease (18.2%), pyrexia (17.2%), vomiting (16.3%),
anemia (11.0%), nausea (11.0%), and epistaxis, fatigue, mucosal
inflammation, and rash (10.0%, each). The 4 pooled studies were
conducted before the implementation of leucovorin prophylaxis to
mitigate stomatitis and oral mucositis.

Serious TEAEs occurred in 110 patients (47.6%). Of the 6 patients
(2.6%) who had TEAEs leading to death, 1 patient had infectious
diarrhea, pneumonia, and sepsis, and 1 patient each had pneu-
monia, febrile neutropenia, lung infection, septic shock, or acute
hepatic failure.

In the PROPEL study,19 23% of patients had a dose reduction for
mucositis and withdrew from treatment due to AEs, primarily
mucositis and thrombocytopenia. In FOT12-CN-301,20 46% of
de 3 (n = 209),* Grade 4 (n = 209),* Grade 5 (n = 209),*

156 (74.6) 73 (34.9) 11 (5.3)

34 (16.3) 6 (2.9) 0

38 (18.2) 27 (12.9) 0

27 (12.9) 14 (6.7) 0

11 (5.3) 10 (4.8) 0

16 (7.7) 6 (2.9) 0

13 (6.2) 11 (5.3) 0

37 (17.7) 4 (1.9) 0

4 (1.9) 0 0

4 (1.9) 0 1 (0.5)

2 (1.0) 0 0

0 0 0

9 (4.3) 2 (1.0) 0

4 (1.9) 0 0

2 (1.0) 0 0

0 0 0

3 (1.4) 0 0

13 (6.2) 4 (1.9) 0

7 (3.4) 0 0

0 0 0

5 (2.4) 0 0

6 (2.9) 1 (0.5) 0

3 (1.4) 0 0

4 (1.9) 0 0

0 0 0
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patients had dose reductions, primarily due to mucositis. In PDX-
JP1,22 28% of patients had dose reductions, primarily due to
mucositis, and 24% had AEs leading to treatment discontinuation.
In FOT14-TW-401,21 22.2% of patients had dose reductions,
primarily due to mucositis, neutropenia, and thrombocytopenia.

Efficacy

Among the pooled efficacy population of 221 patients, 10.0% had
a CR, 3.6% had a CR unconfirmed (CRu), and 27.1% had a PR as
their best overall response determined by central review, leading to
a 40.7% ORR (95% confidence interval [CI], 34.2-47.5) (Table 3).
The 90 responders with a CR, CRu, or PR had a median DoR of
9.1 months (95% CI, 7.4-10.8). The median PFS was 4.6 months
(95% CI, 3.2-5.6), and the median OS was 16.3 months (95% CI,
13.1-22.6) (Figure 1A-B).

Fourteen patients (6.3%) underwent autologous (n = 6) or allo-
geneic SCT (n = 8) after pralatrexate treatment. The best overall
responses reported in these patients were 5 CRs (35.7%), 6 PRs
(42.9%), 1 stable disease (7.1%), and 2 PD (14.3%). This sub-
group of patients had 78.6% ORR. The swimmer plot in Figure 2
illustrates the timeline of events for this group of patients.

Subgroup analyses

Exploratory subgroup analyses showed nonstatically significant
trends favoring certain subgroups (Table 4; Figure 3). In the sub-
group analysis by R/R status at most recent treatment, the relapse
subgroup had numerically higher ORR (48% vs 38%), median PFS
(8.0 vs 3.2 months), and median OS (22.9 vs 14.7 months) than
the refractory subgroup, respectively. In the subgroup analysis by
prior chemotherapy lines, the 1 prior line subgroup had higher ORR
(55%), PFS (6.7 months), and OS (24.2 months) than the 2 prior
lines (ORR, 32%; PFS, 3.1 months; OS, 12.0 months) and ≥4
prior lines (ORR, 21%; PFS, 3.0 months; OS, 10.0 months) sub-
groups. The efficacy outcomes of the 1 prior line subgroup were
similar to the 3 prior line subgroup (ORR, 50%; PFS, 4.6 months;
OS, 22.5 months). In the subgroup analysis by the type of prior
chemotherapy, the anthracycline-based chemotherapy only
Table 3. Antitumor activity in evaluable patients

Characteristic Total (N = 221)

Best overall response by central review, n (%)

CR 22 (10.0)

CRu 8 (3.6)

PR 60 (27.1)

Stable disease 38 (17.2)

PD 64 (29.0)

Not evaluable 2 (0.9)

Not available 9 (4.1)

Unknown (missing or no response assessment) 18 (8.1)

ORR (CR + CRu + PR) by central review, n (%) 90 (40.7); (95% CI, 34.2-47.5)

DoR, median (95% CI), mo 9.1 (7.4-10.8)

PFS, median (95% CI), mo 4.6 (3.2-5.6)

OS, median (95% CI), mo 16.3 (13.1-22.6)

Kaplan-Meier OS estimates at 12 mo (95% CI) 0.58 (0.51-0.64)

Kaplan-Meier OS estimates at 24 mo (95% CI) 0.39 (0.32-0.46)
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subgroup (ORR, 50%; PFS, 4.8 months; OS, 20.5 months) and
the no anthracycline or platinum or gemcitabine-based chemo-
therapy subgroup (ORR, 50%; PFS, 7.8 months; OS,
17.0 months) had numerically higher ORR, PFS, and OS than the
other subgroups. In the histology subtype analysis, the PTCL-NOS
(ORR, 41%; PFS, 4.8 months; OS, 15.4 months) and ALCL (ORR,
46%; PFS, 4.8 months; OS, 19.3 months) subgroups had
numerically higher efficacy outcomes than the transformed mycosis
(ORR, 25%; PFS, 1.7 months; OS, 13.6 months) subgroup. The
AITL (ORR, 43%; PFS, 1.9 months; OS, 18 months) subgroup had
similar ORR but shorter PFS and OS than the PTCL-NOS and
ALCL subgroups.

Regarding therapies before initiation of pralatrexate (Table 4;
Figure 3), the prior chemotherapy and transplant subgroup had
higher ORR, median PFS, and median OS (50%, 10.6 months, and
23.6 months, respectively) than the chemotherapy alone (43%,
4.7 months, and 18.2 months, respectively) or chemotherapy and
other agents (31%, 1.6 months, and 10.0 months, respectively)
subgroups.

Discussion

Before the availability of novel drugs, there had been little guidance
on treatment for PTCL, and clinicians had to extrapolate treatments
based on their experience treating patients with B-cell lymphomas,
with minimal recognition that T-cell malignancies are different from
B-cell neoplasms. PTCLs are very aggressive and heterogenous
lymphoid malignancies recognized for their relative resistance to
traditional chemotherapy. Extrapolation of treatments from B-cell
lymphoma experiences often failed to recognize the paucity of data
for a treatment in patients with PTCL, which has substantially
greater unmet medical need. In fact, early phase experiences with
pralatrexate demonstrated sharply greater activity in patients with
PTCL than those with B-cell lymphomas, hence the basis for
PROPEL. Our data provide insights into the activity of pralatrexate
in this heterogeneous R/R population from the global clinical trial
experience and provide substantially more data for pralatrexate
across not only a more diverse population of patients but also in
some of the rarer PTCL subtypes.

The results of our pooled analysis confirm the marked clinical
activity of pralatrexate in heavily pretreated patients with R/R PTCL,
with a 40.7% ORR and a median DoR of 9.1 months, PFS
4.6 months, and OS 16.3 months. Patients who received SCT after
pralatrexate had 78.6% ORR. The most frequently reported,
treatment-related all-grade TEAEs were stomatitis, thrombocyto-
penia, white blood cell count decrease, pyrexia, and vomiting.

The 4 analyzed pralatrexate monotherapy studies reported variable
ORRs of 29% (CR, 10%; CRu, 1%; PR, 18%) in PROPEL,19 52%
(CR, 9%; CRu, 11%; PR, 32%) in FOT12-CN-31,20 71% (CR,
14%; OR, 57%) in FOT14-TW-401,21 and 45% (CR, 10%; PR,
35%) in PDX-JP1.22 Study sample size and differences in the
number of lines of prior therapy are the most likely reasons for this
wide variation in ORR. FOT14-TW-40121 and PDX-JP122 only
included 20 to 21 patients compared with 109 patients in PRO-
PEL19 and 71 patients in FOT12-CN-31.20

Results of our pooled subgroup exploratory analyses suggest that
certain populations of patients with R/R T-cell lymphoma may
derive the most benefit from pralatrexate therapy. Numerically
POOLED ANALYSIS OF PRALATREXATE STUDIES IN PTCL 2605
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Figure 1. Kaplan-Meier plots of PFS (A) and OS (B).
higher ORR, PFS, and OS were seen among patients with only 1
prior line of chemotherapy vs 2 and ≥4 prior lines, patients with
PTCL-NOS or ALCL vs transformed mycosis, and patients who
had received chemotherapy and transplant before pralatrexate vs
chemotherapy alone or chemotherapy with other nontransplant
treatments. Interestingly, patients with AITL exhibited similar ORR
to patients with PTCL-NOS and ALCL.

The subgroup of 47 patients with R/R AITL had an ORR of 43%
(95% CI, 28%-58%), which is lower than the ORR of 52%
(95% CI, 34-70) reported in a pooled subset analysis27 of data
from 29 patients with R/R AITL treated with single-agent prala-
trexate in the FOT12-CN-301 and PDX-JP1. This discrepancy is
likely attributed to smaller patient numbers and may be influenced
by the lower 8% ORR (95% CI, 0-36) in the 13 patients with R/R
AITL in PROPEL.19 Interestingly, the ORR was 55% (95% CI, 32-
77) among 20 patients with R/R AITL in FOT12-CN-301,20 71%
among 5 patients with R/R AITL in FOT14-TW-401,21 and 44%
(90% CI, 17-75) among 9 patients with R/R AITL in PDX-JP1.22

Given the rarity of AITL and the need to conduct subset analysis
2606 O’CONNOR et al
to tease out these effects, results of individual trials are not pow-
ered to adequately define the “real”ORR in AITL or any other PTCL
subtype. Studies that include real-world data provide some further
evidence of pralatrexates’ activity in AITL. For example, a retro-
spective real-world analysis that reported a 41% ORR (95% CI,
21-64) among 27 patients with R/R PTCL-NOS or AITL treated
with pralatrexate noted no significant differences in ORR between
the 2 small subgroups, albeit there was 1 CR among patients with
AITL and 4 among patients with PTCL-NOS.28 A propensity score
case-matched analysis reported a median OS of 9.8 months
(95% CI, 2.2-10.2) for 12 patients with R/R AITL treated with
pralatrexate in the PROPEL study and 5.5 months (95% CI, 0.4-
8.2) for 12 patients with R/R AITL treated with other therapies.29 In
contrast, the 47 patients with R/R AITL included in our pooled
analysis had a median OS of 18 months (95% CI, 11.9-28.2).

The 4 pooled studies shared a very similar design, and patient
inclusion/exclusion circumvented some common limitations of
pooled analyses such as heterogeneity in study methodology and
patient populations. However, there were some differences in the
11 JUNE 2024 • VOLUME 8, NUMBER 11



–2 –1 0 1 2 3 4

Time from start to end of pralatrexate (months)

Pa
tie

nt
s w

ith
 a

 st
em

 c
ell

 tr
an

sp
lan

t
po

st 
pr

ala
tre

xa
te

5 6 7 8 9 10 11

Allogeneic Stem Cell Transplant

Study ID

FOT12-CN-301

FOT14-TW-401

PROPEL

PDX-JP1

Autologous Stem Cell Transplant
PD
PR
CR
SD

AITL

ENKT

ENKT

ENKT

PTCL-NOS

ENKT

ALCL

PTCL-NOS

PTCL-NOS

ALCL

PTCL-NOS

PTCL-NOS

AITL

PTCL-NOS

Figure 2. Response in patients with SCT after pralatrexate treatment. AITL, angioimmunoblastic T-cell lymphoma; ENKT, extranodal NK/T-cell lymphoma; PTCL-NOS,

peripheral T-cell lymphoma, not otherwise specified; ALCL, analplastic large T-cell lymphoma.

Table 4. Efficacy by subgroup

Subgroup ORR (CR + CRu + PR), % (95% CI) PFS, median (95% CI), mo OS, median (95% CI), mo

Overall (N = 221) 40.7 (34.2-47.5) 4.6 (3.2-5.6) 16.3 (13.1-22.6)

R/R status at most recent treatment

Relapse (n = 54) 48.1 (34.3-62.2) 8.0 (4.6-11.1) 22.9 (14.6 to NE)

Refractory (n = 119) 37.8 (29.1-47.2) 3.2 (2.5-4.6) 14.6 (10.3-23.6)

Number of prior chemotherapy lines

1 (n = 76) 55.3 (43.4-66.7) 6.7 (4.4-10.7) 24.2 (17.0 to NE)

2 (n = 60) 31.7 (20.3-45.0) 3.1 (1.7-7.7) 12.0 (9.0-22.9)

3 (n = 38) 50.0 (33.4-66.6) 4.6 (1.6-8.5) 22.5 (9.6-28.2)

≥4 (n = 47) 21.3 (10.7-35.7) 3.0 (1.4-4.9) 10.0 (6.1-15.2)

Type of prior chemotherapy

Anthracycline-based only (n = 102) 50.0 (39.9-60.1) 4.8 (3.2-7.8) 20.5 (14.4-26.7)

Anthracycline, platinum, gemcitabine-based (n = 53) 32.1 (19.9-46.3) 4.2 (1.6-7.7) 11.2 (6.8-23.4)

Anthracycline, platinum-based (n = 33) 27.3 (13.3-45.5) 3.0 (1.4-10.6) 10.4 (3.8-23.6)

Not anthracycline or platinum or gemcitabine-based
(n = 18)

50.0 (26.0-74.0) 7.8 (3.9-14.1) 17.0 (10.6 to NE)

PTCL histological subtype by central review

PTCL-NOS (n = 108) 40.7 (31.4-50.6) 4.8 (3.3-6.7) 15.4 (10.5-24.2)

AITL (n = 47) 42.6 (28.3-57.8) 1.9 (1.5-6.0) 18 (11.9-28.2)

ALCL, ALK negative (n = 26) 46.2 (26.6-66.6) 4.8 (1.4 to NE) 19.3 (4.2 to NE)

tMF (n = 12) 25.0 (5.5-57.2) 1.7 (1.4-8.1) 13.6 (1.7-NE)

Type of prior systemic therapy

Chemotherapy only (n = 162) 42.6 (34.9-50.6) 4.7 (3.3-6.6) 18.3 (14.4-24.2)

Chemotherapy and transplant (n = 26) 50.0 (29.9-70.1) 10.6 (1.4 to NE) 23.6 (8.2 to NE)

Chemotherapy and other (n = 16) 31.3 (11.0-58.7) 1.6 (0.6-3.5) 10.0 (3.2-13.1)

ALK, anaplastic lymphoma kinase; NE, not estimable; tMF, transformed mycosis fungoides; u, unconfirmed.
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Figure 3. Forest plots for subgroup analyses of ORR (A), PFS (B), and OS (C).
included histologic subtypes. For example, the PROPEL study19

allowed the inclusion of patients with extranodal NK cell/T-cell
lymphoma unspecified, whereas the 3 other studies20-22 allowed
the inclusion of only patients with extranodal NK cell/T-cell lym-
phoma nasal type. Interpretation of our analysis is limited by the fact
2608 O’CONNOR et al
that pralatrexate clinical trials were designed before the availability
of other novel single agents for R/R PTCL. Despite this, our pooled
analysis provides clinically applicable insights, considering the
current lack of consistency in the use of monotherapies for patients
with most types of R/R PTCL. After the clinical development and
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Figure 3 (continued)
approval of pralatrexate, researchers have tried to limit their study
populations to include fewer PTCL subtypes, reducing heteroge-
neity at the expense of limiting availability of data for underrepre-
sented subtypes. Despite the small numbers in individual studies,
our pooled analysis captures the broader R/R PTCL population
and provides some insights on pralatrexate activity in this difficult-
to-treat population.

Pralatrexate is being studied in combination regimens in patients
with PTCL. A phase 1 trial of romidepsin plus pralatrexate reported
a 71% ORR (including 4 CRs) and a median PFS of 4.4 months
(95% CI, 1.2 to not achieved) in 14 patients with PTCL.30 The
ongoing NCT03240211 phase 1b study is testing pembrolizumab
with decitabine and/or pralatrexate in patients with PTCL or cuta-
neous T-cell lymphoma. The ongoing NCT03598998 phase 1/2
trial is studying the combination of pembrolizumab and pralatrexate
in patients with R/R PTCL.

In conclusion, data from 3 additional regulatory-mandated clinical
studies meaningfully augment the US registration PROPEL data
supporting the use of pralatrexate in patients with R/R PTCL.
Furthermore, results from pooled subgroup exploratory analyses
suggest that certain populations of patients with R/R PTCL might
derive more benefit from pralatrexate therapy. Prospective studies
in these subgroups are needed to confirm these findings.
Acknowledgments

The authors thank the patients who participated in the included
studies. The authors also thank Diep Gray, Pia Patron, and Monica
Araujo for support in data collection and statistical analyses.
11 JUNE 2024 • VOLUME 8, NUMBER 11
This research was funded by Mundipharma Singapore Holdings
Pte Ltd. O.A.O. is an American Cancer Society research professor.
Medical writing assistance was provided by Phillips Gilmore
Oncology Communications, Inc, and funded by Mundipharma
Singapore Holdings Pte Ltd.

Authorship

Contribution: O.A.O. and E.-M.Y. designed and planned the study;
O.A.O., B.-S.K., M.-C.W., D.M., Y.S., and K.T., who were also
investigators of the individual country studies, acquired and
analyzed the data; O.A.O. and E.-M.Y. interpreted the data; and all
authors wrote, reviewed, and/or revised the manuscript and read
and approved the final manuscript.

Conflict-of-interest disclosure: O.A.O. has received research
support from Merck and Astex; and is on the board of directors for
Kymera, Myeloid Therapeutics, and Dren Pharmaceuticals, for
which he receives an honorarium and is an equity holder. D.M.
receives research funding from Astellas Pharma, Celgene, Novar-
tis, Chugai, Ono, Takeda, Janssen, Sanofi, MSD, Otsuka, Eisai,
AbbVie, Amgen, and BMS; and receives honoraria from Celgene,
Chugai, Ono, Takeda, Janssen, Sanofi, MSD, Eisai, AbbVie, BMS,
Mundipharma, Kyowa Kirin, Zenyaku, AstraZeneca, Nippon, and
SymBio. E.-M.Y. is employed by Mundipharma Singapore Holdings
Pte Ltd. N.M. is employed by Mundipharma Research Limited. K.T.
receives honoraria from Celgene, Chugai, Eisai, Daiichi Sankyo,
HUYA Bioscience International, Kyowa Kirin, Mundipharma, Ono
Pharmaceutical, Solasia Pharma, Takeda, Yakult, and Zen-
yakuKogyo; and consults for Celgene, Daiichi Sankyo, HUYA
Bioscience International, Mundipharma, Ono Pharmaceutical,
POOLED ANALYSIS OF PRALATREXATE STUDIES IN PTCL 2609



Takeda, and Zenyaku Kogyo. The remaining authors declare no
competing financial interests.

ORCID profiles: B.-S.K., 0000-0002-7965-7579; D.M., 0000-
0003-0654-6920; E.-M.Y., 0000-0001-8687-5120; N.M., 0009-
0003-9325-0323.
2610 O’CONNOR et al
Correspondence: Owen A. O’Connor, Division of Hematology-
Oncology, Translational Orphan Blood Cancer Research Center,
University of Virginia Comprehensive Cancer Center, 1300 Jeffer-
son Park Ave, MSB, Room 6002, Charlottesville, VA 22908-0716;
email: owenaoconnor27@gmail.com.
References

1. Swerdlow SH, Campo E, Pileri SA, et al. The 2016 revision of the World Health Organization classification of lymphoid neoplasms. Blood. 2016;
127(20):2375-2390.

2. Marchi E, O’Connor OA. The rapidly changing landscape in mature T-cell lymphoma (MTCL) biology and management. CA Cancer J Clin. 2020;70(1):
47-70.

3. Mehta-Shah N. Emerging strategies in peripheral T-cell lymphoma. Hematology Am Soc Hematol Educ Program. 2019;2019(1):41-46.

4. International T-Cell Lymphoma Project, Armitage J, Weisenburger D. International peripheral T-cell and natural killer/T-cell lymphoma study: pathology
findings and clinical outcomes. J Clin Oncol. 2008;26(25):4124-4130.

5. Mak V, Hamm J, Chhanabhai M, et al. Survival of patients with peripheral T-cell lymphoma after first relapse or progression: spectrum of disease and rare
long-term survivors. J Clin Oncol. 2013;31(16):1970-1976.

6. Lansigan F, Horwitz SM, Pinter-Brown LC, et al. Outcomes for relapsed and refractory peripheral T-cell lymphoma patients after front-line therapy from
the COMPLETE registry. Acta Haematol. 2020;143(1):40-50.

7. Stuver RN, Khan N, Schwartz M, et al. Single agents vs combination chemotherapy in relapsed and refractory peripheral T-cell lymphoma: results from
the comprehensive oncology measures for peripheral T-cell lymphoma treatment (COMPLETE) registry. Am J Hematol. 2019;94(6):641-649.

8. Zhang JY, Briski R, Devata S, et al. Survival following salvage therapy for primary refractory peripheral T-cell lymphomas (PTCL). Am J Hematol. 2018;
93(3):394-400.

9. Food and Drug Administration, HHS. Celgene Corporation and Teva Pharmaceutical Industries Ltd.; Withdrawal of Approval of Peripheral T-Cell
Lymphoma Indication for ISTODAX (Romidepsin) for Injection and Romidepsin Injection. Accessed 26 January 2023. https://www.federalregister.gov/
d/2022-09889

10. Shi Y, Dong M, Hong X, et al. Results from a multicenter, open-label, pivotal phase II study of chidamide in relapsed or refractory peripheral T-cell
lymphoma. Ann Oncol. 2015;26(8):1766-1771.

11. Chan TS, Tse E, Kwong YL. Chidamide in the treatment of peripheral T-cell lymphoma. OncoTargets Ther. 2017;10:347-352.

12. Rai S, Kim WS, Ando K, et al. Oral HDAC inhibitor tucidinostat in patients with relapsed or refractory peripheral T-cell lymphoma: phase IIb results.
Haematologica. 2023;108(3):811-821.

13. Yoshimitsu M, Ando K, Ishida T, et al. Oral histone deacetylase inhibitor HBI-8000 (tucidinostat) in Japanese patients with relapsed or refractory non-
Hodgkin’s lymphoma: phase I safety and efficacy. Jpn J Clin Oncol. 2022;52(9):1014-1020.

14. Utsunomiya A, Izutsu K, Jo T, et al. Oral histone deacetylase inhibitor tucidinostat (HBI-8000) in patients with relapsed or refractory adult T-cell leukemia/
lymphoma: phase IIb results. Cancer Sci. 2022;113(8):2778-2787.

15. Ishida T, Jo T, Takemoto S, et al. Dose-intensified chemotherapy alone or in combination with mogamulizumab in newly diagnosed aggressive adult T-cell
leukaemia-lymphoma: a randomized phase II study. Br J Haematol. 2015;169(5):672-682.

16. Ishida T, Joh T, Uike N, et al. Defucosylated anti-CCR4 monoclonal antibody (KW-0761) for relapsed adult T-cell leukemia-lymphoma: a multicenter
phase II study. J Clin Oncol. 2012;30(8):837-842.

17. Ishida T, Utsunomiya A, Jo T, et al. Mogamulizumab for relapsed adult T-cell leukemia-lymphoma: updated follow-up analysis of phase I and II studies.
Cancer Sci. 2017;108(10):2022-2029.

18. Ogura M, Ishida T, Hatake K, et al. Multicenter phase II study of mogamulizumab (KW-0761), a defucosylated anti-cc chemokine receptor 4 antibody, in
patients with relapsed peripheral T-cell lymphoma and cutaneous T-cell lymphoma. J Clin Oncol. 2014;32(11):1157-1163.

19. O’Connor OA, Pro B, Pinter-Brown L, et al. Pralatrexate in patients with relapsed or refractory peripheral T-cell lymphoma: results from the pivotal
PROPEL study. J Clin Oncol. 2011;29(9):1182-1189.

20. Hong X, Song Y, Huang H, et al. Pralatrexate in Chinese patients with relapsed or refractory peripheral T-cell lymphoma: a single-arm, multicenter study.
Target Oncol. 2019;14(2):149-158.

21. Wang M-C, Ko B-S, Chiou T-J, et al. Interim update from a multi-center study of pralatrexate in Asian patients with relapsed or refractory (R/R)
peripheral T-cell lymphoma (PTCL). Paper presented at: 24th European Hematology Association Congress. 15 June 2019. Madrid, Spain.

22. Maruyama D, Nagai H, Maeda Y, et al. Phase I/II study of pralatrexate in Japanese patients with relapsed or refractory peripheral T-cell lymphoma.
Cancer Sci. 2017;108(10):2061-2068.

23. Harris NL, Jaffe ES, Diebold J, Flandrin G, Muller-Hermelink HK, Vardiman J. Lymphoma classification–from controversy to consensus: the R.E.A.L. and
WHO Classification of lymphoid neoplasms. Ann Oncol. 2000;11(suppl 1):3-10.
11 JUNE 2024 • VOLUME 8, NUMBER 11

https://orcid.org/0000-0002-7965-7579
https://orcid.org/0000-0003-0654-6920
https://orcid.org/0000-0003-0654-6920
https://orcid.org/0000-0001-8687-5120
https://orcid.org/0009-0003-9325-0323
https://orcid.org/0009-0003-9325-0323
mailto:owenaoconnorgmailcom
http://refhub.elsevier.com/S2473-9529(24)00124-1/sref1
http://refhub.elsevier.com/S2473-9529(24)00124-1/sref1
http://refhub.elsevier.com/S2473-9529(24)00124-1/sref2
http://refhub.elsevier.com/S2473-9529(24)00124-1/sref2
http://refhub.elsevier.com/S2473-9529(24)00124-1/sref3
http://refhub.elsevier.com/S2473-9529(24)00124-1/sref4
http://refhub.elsevier.com/S2473-9529(24)00124-1/sref4
http://refhub.elsevier.com/S2473-9529(24)00124-1/sref5
http://refhub.elsevier.com/S2473-9529(24)00124-1/sref5
http://refhub.elsevier.com/S2473-9529(24)00124-1/sref6
http://refhub.elsevier.com/S2473-9529(24)00124-1/sref6
http://refhub.elsevier.com/S2473-9529(24)00124-1/sref7
http://refhub.elsevier.com/S2473-9529(24)00124-1/sref7
http://refhub.elsevier.com/S2473-9529(24)00124-1/sref8
http://refhub.elsevier.com/S2473-9529(24)00124-1/sref8
https://www.federalregister.gov/d/2022-09889
https://www.federalregister.gov/d/2022-09889
http://refhub.elsevier.com/S2473-9529(24)00124-1/sref10
http://refhub.elsevier.com/S2473-9529(24)00124-1/sref10
http://refhub.elsevier.com/S2473-9529(24)00124-1/sref11
http://refhub.elsevier.com/S2473-9529(24)00124-1/sref12
http://refhub.elsevier.com/S2473-9529(24)00124-1/sref12
http://refhub.elsevier.com/S2473-9529(24)00124-1/sref13
http://refhub.elsevier.com/S2473-9529(24)00124-1/sref13
http://refhub.elsevier.com/S2473-9529(24)00124-1/sref14
http://refhub.elsevier.com/S2473-9529(24)00124-1/sref14
http://refhub.elsevier.com/S2473-9529(24)00124-1/sref15
http://refhub.elsevier.com/S2473-9529(24)00124-1/sref15
http://refhub.elsevier.com/S2473-9529(24)00124-1/sref16
http://refhub.elsevier.com/S2473-9529(24)00124-1/sref16
http://refhub.elsevier.com/S2473-9529(24)00124-1/sref17
http://refhub.elsevier.com/S2473-9529(24)00124-1/sref17
http://refhub.elsevier.com/S2473-9529(24)00124-1/sref18
http://refhub.elsevier.com/S2473-9529(24)00124-1/sref18
http://refhub.elsevier.com/S2473-9529(24)00124-1/sref19
http://refhub.elsevier.com/S2473-9529(24)00124-1/sref19
http://refhub.elsevier.com/S2473-9529(24)00124-1/sref20
http://refhub.elsevier.com/S2473-9529(24)00124-1/sref20
http://refhub.elsevier.com/S2473-9529(24)00124-1/sref21
http://refhub.elsevier.com/S2473-9529(24)00124-1/sref21
http://refhub.elsevier.com/S2473-9529(24)00124-1/sref22
http://refhub.elsevier.com/S2473-9529(24)00124-1/sref22
http://refhub.elsevier.com/S2473-9529(24)00124-1/sref23
http://refhub.elsevier.com/S2473-9529(24)00124-1/sref23


24. Swerdlow SH, Campo E, Harris NL, et al, eds. WHO Classification of Tumours of Haematopoietic and Lymphoid Tissues. 4th ed. IARC Press; 2008.

25. Cheson BD, Horning SJ, Coiffier B, et al. Report of an international workshop to standardize response criteria for non-Hodgkin’s lymphomas. NCI
Sponsored International Working Group. J Clin Oncol. 1999;17(4):1244-1253.

26. Cheson BD, Pfistner B, Juweid ME, et al. Revised response criteria for malignant lymphoma. J Clin Oncol. 2007;25(5):579-586.

27. Zhu J, Yeoh EM, Maeda Y, Tobinai K. Efficacy and safety of single-agent pralatrexate for treatment of angioimmunoblastic T-cell lymphoma after failure of
first line therapy: a pooled analysis. Leuk Lymphoma. 2020;61(9):2145-2152.

28. Chihara D, Fanale MA, Miranda RN, et al. The survival outcome of patients with relapsed/refractory peripheral T-cell lymphoma-not otherwise specified
and angioimmunoblastic T-cell lymphoma. Br J Haematol. 2017;176(5):750-758.

29. O’Connor OA, Marchi E, Volinn W, Shi J, Mehrling T, Kim WS. Strategy for assessing new drug value in orphan diseases: an international case match
control analysis of the PROPEL study. JNCI Cancer Spectr. 2018;2(4):pky038.

30. Amengual JE, Lichtenstein R, Lue J, et al. A phase 1 study of romidepsin and pralatrexate reveals marked activity in relapsed and refractory T-cell
lymphoma. Blood. 2018;131(4):397-407.
11 JUNE 2024 • VOLUME 8, NUMBER 11 POOLED ANALYSIS OF PRALATREXATE STUDIES IN PTCL 2611

http://refhub.elsevier.com/S2473-9529(24)00124-1/sref24
http://refhub.elsevier.com/S2473-9529(24)00124-1/sref25
http://refhub.elsevier.com/S2473-9529(24)00124-1/sref25
http://refhub.elsevier.com/S2473-9529(24)00124-1/sref26
http://refhub.elsevier.com/S2473-9529(24)00124-1/sref27
http://refhub.elsevier.com/S2473-9529(24)00124-1/sref27
http://refhub.elsevier.com/S2473-9529(24)00124-1/sref28
http://refhub.elsevier.com/S2473-9529(24)00124-1/sref28
http://refhub.elsevier.com/S2473-9529(24)00124-1/sref29
http://refhub.elsevier.com/S2473-9529(24)00124-1/sref29
http://refhub.elsevier.com/S2473-9529(24)00124-1/sref30
http://refhub.elsevier.com/S2473-9529(24)00124-1/sref30

	Pooled analysis of pralatrexate single-agent studies in patients with relapsed/refractory peripheral T-cell lymphoma
	Introduction
	Methods
	Clinical trials
	Patients
	Treatments and assessments
	Statistical analysis

	Results
	Patient characteristics
	Exposure and safety
	Efficacy
	Subgroup analyses

	Discussion
	Authorship
	References


