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Key Points

• Pralatrexate in
combination with
CHOP (Fol-CHOP)
demonstrated clinically
meaningful efficacy
(ORR, 83.9%) in newly
diagnosed PTCL.

• Fol-CHOP was
reasonably well
tolerated, and toxicities
were clinically
acceptable and
manageable.
52/blooda_adv-2023-01
Pralatrexate is a folate antagonist that selectively enters cells expressing reduced folate

carrier type 1 and competitively inhibits dihydrofolate reductase, leading to interruption of

RNA synthesis, DNA replication, and apoptosis. This phase 1 study was conducted to

evaluate the maximum tolerated dose (MTD) of pralatrexate in combination with

cyclophosphamide, doxorubicin, vincristine, and prednisone (CHOP) regimen (part 1) and

the response and pharmacokinetics of 6 cycles of this combination (CHOP + Folotyn

30 mg/m2 [Fol-CHOP]) in patients with newly diagnosed peripheral T-cell lymphoma (PTCL).

In part 1, on days 1 and 8 of each cycle, patients were treated with 10, 15, 20, 25, or 30 mg/m2

of pralatrexate in combination with CHOP, per dose escalation, in 5 sequential cohorts. No

patients experienced DLTs in cohorts 1, 2, 3, 4, and 5. The pralatrexate dose of 30 mg/m2 was

selected to be combined with CHOP for part 2 and administered to 33 additional patients in

the expansion cohort. At the MTD, the Fol-CHOP regimen was generally well tolerated in

patients with PTCL, with an overall response rate (ORR) of 83.9% (20 complete response and

6 partial response), as assessed by treating investigators. Thirty-five patients (67.3%)

experienced grade 3/4 treatment-emergent adverse events, the most common of which

were anemia (21.2%), neutropenia (19.2%), febrile neutropenia (11.5%), fatigue, mucosal

inflammation, nausea, and vomiting (7.7% each). In conclusion, Fol-CHOP was found to be a

safe and effective treatment for newly diagnosed PTCL and deemed worthy of further

investigation. This trial was registered at www.ClinicalTrials.gov as #NCT02594267.
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Introduction

Peripheral T-cell lymphoma (PTCL) refers to a heterogeneous group of aggressive mature T-cell non-
Hodgkin lymphomas accounting for 10% to 15% of all newly diagnosed non-Hodgkin lymphomas.1,2

Of 28 distinct clinical entities, the most common subtypes of PTCL, representing two-thirds of all
PTCL cases in North America, include PTCL not otherwise specified (PTCL NOS), angioimmuno-
blastic T-cell lymphoma (AITL), and anaplastic large cell lymphoma (ALCL). The median overall survival
(OS) of PTCL is low (<2 years), with a reported 5-year survival for the most common subtypes being
<50%.2-5

Firstline, standard of care (SOC) treatment of PTCL often comprises combination therapy with
cyclophosphamide, doxorubicin, vincristine, and prednisone (CHOP). Despite its widespread use,
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CHOP has not been studied in prospective, randomized studies
and was associated with a dismal 5-year OS of only 37% in a
retrospective meta-analysis of 2912 patients with PTCL treated
with CHOP or CHOP-like regimens.6-8 However, no other single-
agent or combination regimen has demonstrated superior effi-
cacy to CHOP with the exception of brentuximab vedotin (BV) +
cyclophosphamide, doxorubicin, and prednisone (CHP) for CD30+

PTCL, and it, therefore, remains a primary choice for firstline ther-
apy for non-ALCL PTCL. Various strategies to modify the CHOP
regimen have been investigated in an effort to increase response
rates and improve durability of responses, without any clear
improvements to long-term efficacy being observed. Strategies
have included the addition of other agents, including biologics
(“CHOP + X”), more intensive dosing administration, and, for
patients who reach complete remissions, high-dose chemotherapy
using autologous stem cell rescue as consolidation therapy.9-11

Allogeneic stem cell transplantation is also recognized as a
feasible option for patients with PTCL who are candidates for the
procedure, although significant treatment-related toxicity has been
observed.12-14 Although the reported survival outcomes remain
quite poor, response rates for CHOP-based therapies have been
relatively high. As an example, a recent trial comparing CHOP vs
BV-CHP in CD30+ PTCLs showed an overall response rate (ORR)
of 72% for CHOP and complete response (CR) of 56%.15 Overall,
the available data related to PTCL treatment shows that firstline
CHOP can provide an initial response for many patients; however,
fewer are able to achieve CR, and even less achieve durable
remissions.

Pralatrexate monotherapy has demonstrated activity in PTCL and
was the first drug approved in the United States by the US Food
and Drug Administration for treatment of relapsed/refractory (R/R)
PTCL in 2009, based on doses of 30 mg/m2 weekly for 6 weeks of
a 7-week treatment cycle and an ORR of 29% in a heavily pre-
treated population.13,16 In 2016, O’Connor et al presented the
findings of their case match control analysis of 83 patients with R/R
PTCL treated in the PROPEL study, compared with matched
controls.17 Despite the heavily treated PROPEL population, the
median OS of pralatrexate-treated patients was significantly higher
at 16.6 months than of matched controls at 4.0 months (hazard
ratio, 0.426).17 Further evidence for its activity in PTCL was pro-
vided by the phase 3 LUMIERE trial, which randomized patients to
the investigative drug alisertib and SOC comparator (investigator
choice of gemcitabine, romidepsin, or pralatrexate); pralatrexate
was administered to 80 participants (60% of 3 possible controls)
and resulted in a CR rate of 25%, highest of the drugs studied in
the trial (CR for investigative drug, 18%; CR for another SOC
comparator, 6%).18

This single-agent activity provided the rationale for adding prala-
trexate to CHOP in the frontline setting. Pralatrexate and each of
the components of the CHOP regimen target different aspects of
tumor cell growth and proliferation through different mechanisms of
action. This suggests the potential that a new combination regimen
may provide for synergistic antitumor effect and have limited
additive toxicities.

Herein, we describe the results of a phase 1 dose-escalating study
investigating the maximum tolerated dose (MTD) of pralatrexate in
combination with CHOP regimen and associated response rates in
patients with newly diagnosed PTCL.
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Materials and methods

Study design and oversight

This multicenter, open-label, dose-finding, dose-escalation phase 1
trial was conducted in 2 parts: the first with the primary objective to
evaluate the MTD of pralatrexate in combination with CHOP and
the second part with an expansion cohort of 30 patients treated
at the MTD to better characterize safety and efficacy of 6 cycles of
the pralatrexate-CHOP (Folotyn-CHOP [Fol-CHOP]) combination.

The study was reviewed and approved by the institutional review
boards at each of the 4 participating sites and was registered at as
NCT02594267. The study conduct complied with the Declaration
of Helsinki and followed International Conference on Harmoniza-
tion Guidelines for Good Clinical Practice. All participating patients
provided written informed consent and understood that study
participation was voluntary.

Selection of patients

Patients were eligible if they were aged ≥18 years with a newly
diagnosed, untreated, histologically confirmed diagnosis of PTCL
of any stage (I-IV) based on local pathology review and were
eligible for CHOP chemotherapy. PTCL subtypes were classified
based on the 2016 World Health Organization classification and
included ALCL, ALK-positive status; ALCL, ALK-negative status;
ATCL; enteropathy-associated T-cell lymphoma; extranodal natural
killer/T-cell lymphoma, nasal type; hepatosplenic T-cell lymphoma;
PTCL NOS; and subcutaneous panniculitis-like T-cell lymphoma.19

Pathological diagnoses were made by each participating facility.
Patients were required to have adequate cardiac function and
acceptable hematologic, hepatic, and renal functions, as defined by
an absolute neutrophil count ≥ 1.5 × 109/L, platelet count ≥ 100 ×
109/L, bilirubin level ≤ 1.5 mg/dL, aspartate aminotransferase and
alanine aminotransferase levels ≤ 2.5 upper limit of normal, and
creatinine level ≤ 1.5 mg/dL or calculated creatinine clearance ≥
50 mL per minute. Patients also had to have an Eastern Cooper-
ative Oncology Group performance status ≤ 2. Exclusion criteria
included current concurrent malignancy (except nonmelanoma skin
cancer or carcinoma in situ of the cervix) or life-threatening disease.
Those with a history of prior malignancies or life-threatening con-
ditions should have been disease free for ≥5 years. Patients were
also excluded if they had congestive heart failure, uncontrolled
hypertension, central nervous system metastases, uncontrolled
intercurrent illness, or therapy with any investigational therapies
within 30 days of study treatment.

Study treatment

In part 1 of this study, patients were enrolled in a traditional 3 + 3
dose-escalation scheme, starting with dose level 1, with dose
escalation as shown in supplemental Table 1. Pralatrexate was
administered at 10, 15, 20, 25, or 30 mg/m2 as an IV on days 1 and
8 of a standard 21-day CHOP regimen (cyclophosphamide
750 mg/m2, doxorubicin 50 mg/m2, and vincristine 1.4 mg/m2

[maximum, 2 mg] on day 1 and oral prednisone 100 mg on days
1-5).

A DLT was defined as an adverse event (AE) that, because of
its type, severity, or relationship to study drug, must be counted
toward determining the MTD. For purposes of determining the MTD
of pralatrexate (Folotyn; Acrotech Biopharma, East Windsor, NJ)
23 JANUARY 2024 • VOLUME 8, NUMBER 2



Cycle 1

Screening
Period

30 Days

Cyclophosphamide
(750 mg/m2, IV)

Doxorubicin
(50 mg/m2, IV)

Vincristine
(1.4 mg/m2, IV)

Prednisone
(100 mg, PO)

Pralatrexate
(Dose per Cohort - Table 1)

IV: intravenous; PO: by mouth
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Figure 1. Part 2 treatment schedule: six 21-day cycles.
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plus CHOP (Fol-CHOP) treatment, AEs that were considered
DLTs when they occurred during the first treatment cycle
included severe infections (grade 4); grade 4 neutropenia lasting
for ≥7 days despite granulocyte colony-stimulating factor
administration; any grade 4 thrombocytopenia or any grade
thrombocytopenia with clinically significant bleeding (excluding
epistaxis); or grade ≥3 study treatment-related nonhematologic
toxicity, excluding nausea/vomiting in the absence of appropriate
antiemetic therapy that occurred during the first cycle of the
Fol-CHOP therapy.

Once the MTD was established in part 1, an expansion cohort (part
2) applying the MTD was included to allow for better character-
ization of efficacy and safety. (Figure 1) Patients were treated with
the pralatrexate MTD on days 1 and 8 of each 21-day cycle,
administered ~15 minutes after CHOP. Treatment was repeated
every 21 days (1 cycle) for up to 6 cycles.

Patients received prophylaxis with acyclovir and sulfamethoxazole/
trimethoprim during the study as well as primary prophylaxis with
growth factors (filgrastim or pegfilgrastim) starting in cycle 1 (after
the second dose of pralatrexate). All patients were recommended
with initiate vitamin supplementation with folic acid and vitamin
B12, per the currently approved label. Folic acid (1.0 mg by mouth
daily) was initiated at least 10 days before pralatrexate adminis-
tration. Vitamin B12 (1 mg IM) was administered within 10 weeks
before the initiation of pralatrexate and was allowed to be admin-
istered during screening. Subsequent vitamin B12 injections were
administered the same day as treatment with pralatrexate, and
patients received vitamin B12 every 8 to 10 weeks during treat-
ment with pralatrexate.

Patients were instructed to take leucovorin tablets (25 mg) 3 times
a day for 2 days beginning 24 hours after each pralatrexate treat-
ment as mucositis prophylaxis.20 The next dose of pralatrexate
began at least 72 hours after the last dose of leucovorin
administration.

Patients participated in the study for ~26 weeks, which included a
screening period (up to 30 days), up to six 3-week treatment cycles
(18 weeks), and an end-of-study visit, which occurred at least
30 days after the last dose of pralatrexate.
23 JANUARY 2024 • VOLUME 8, NUMBER 2
Safety assessments

All patients who received ≥1 dose of pralatrexate were evaluable
for safety, which was assessed by reported AEs, laboratory
assessments, and physical examinations, and graded according to
the National Cancer Institute Common Terminology Criteria for
Adverse Events scale, version 4.03. AEs were characterized by
intensity (severity), causality, and seriousness by the investigator
and recorded from the first dose of pralatrexate until at least
30 days after the last dose.

PK assessments

Pharmacokinetic (PK) studies were performed during the part 2 of
the study and included collection of blood samples for PK analysis
of pralatrexate for the first 12 patients at before injection, end of
injection, and 0.5, 1, 3, 6, 10, 16, and 24 hours after the end of
pralatrexate injection during cycle 1, dose 1.

Pralatrexate comprised a mixture of R- and S-diastereomeric folate
derivatives and, as folate, has an important role in cell growth and
proliferation.21 The characterization of the plasma concentrations
of pralatrexate (S-Diastereomer [PDX-10a] and R-Diastereomer
[PDX-10b]) was a key secondary objective, determined using a
validated LC-MS/MS bioanalytical method. PK parameters of pra-
latrexate (PDX-10a and PDX-10b) were calculated based on
respective drug concentration–time data by a noncompartmental
method using Phoenix WinNonlin (Certara, Princeton, NJ) version
8.3.1 or higher. The following PK parameters of pralatrexate (PDX-
10a and PDX-10b) were estimated: area under the curve, rate of
absorption, Tmax, total clearance, T1/2, and volume of distribution.

Efficacy assessment

Disease response was determined by investigators at each
participating facility using protocol-specified integrated response
criteria (Cheson classification, per the International Working Group
Criteria).22 Response evaluation recorded and reported every 2
cycles during the course of 6 cycles of Fol-CHOP (end of cycles 2,
4, and 6 and at 6, 9, and 12 months [end-of-study visit]).

The ORR was estimated by a combination of CR + partial
response (PR) based on tumor scan at the end of treatment after 6
FOL-CHOP DOSE-FINDING PHASE 1 TRIAL 355



D
ow

nloaded from
 http://ashpublications.net/bloodadvances/article-pdf/8/2/353/2210452/blooda_adv-2023-011095-m

ain.pdf by guest on 06 M
ay 2024
cycles of Fol-CHOP. Tumor scan performed in this study included
both computed tomography and positron emission tomography–
computed tomography.

Statistical analyses

The primary objectives of the study were to evaluate the MTD of
pralatrexate in combination with CHOP (Fol-CHOP) for newly
diagnosed patients with PTCL in part 1 of the study and evaluate
the ORR after 6 cycles of Fol-CHOP in part 2. Key secondary
objectives included the evaluation of progression-free survival
(PFS) and safety and tolerability of Fol-CHOP as well as the
characterization of PK of pralatrexate in combination with CHOP.

This study was planned to enroll 50 patients, which included a
maximum of 6 patients in each cohort in part 1 until the MTD was
identified and not determined by statistical power considerations.
The decision to include up to 6 patients at each dose level cohort
was based on the following considerations: if 1 DLT is observed
among 6 patients, the estimated DLT rate is 16.7%, with a 90%
confidence interval of 0.9% to 58.2%; and if 2 DLTs are observed
among 6 patients, the estimated DLT rate is 33.3%, with a 90%
confidence interval of 6.3% to 72.9%.

After the MTD had been identified, an additional 30 patients were
planned to be treated to confirm the tolerability and assess efficacy
in part 2. Estimated response rates were calculated along with
corresponding 95% binomial confidence intervals.

Additional patients could be enrolled to replace unevaluable
patients in cases of discontinuations unrelated to treatment-
emergent AEs (TEAEs). Appropriate descriptive statistics were
performed. Statistical analyses were performed using SAS version
9.4.

The extent of the patients’ exposure to pralatrexate and CHOP
were assessed based on 2 variables, cumulative dose received and
relative dose intensity. The incidence of DLTs as well as AEs were
tabulated by dose level. AEs were summarized based on the type
as well as maximum grade and duration across patients for each
dose level, as well as in the part 2 MTD expansion.

The populations presented for analysis included the safety analysis
population, which consisted of all patients who signed informed
consent, enrolled, and received at least 1 dose of the study drug,
and the efficacy was assessed in the evaluable population, which
included all patients who received at least 1 dose of pralatrexate
and had at least 1 postbaseline tumor assessment.

Results

Patient characteristics

A total of 52 patients were screened at the 4 participating insti-
tutions between 2016 and 2018. There were no screen failures;
thus, 52 patients were enrolled and 34 completed the study.
Patient characteristics are shown in Table 1. In part 1, there were 4
patients enrolled at dose level 10 mg/m2; 3 at dose levels 15 mg/
m2, 20 mg/m2, and 25 mg/m2 (1 each); and 6 at dose level 30 mg/
m2. Patient disposition is shown in Figure 2. Although the study
planned to enroll 3 patients in cohort 1, because of a protocol
deviation of a patient enrolled in cohort 5 receiving an incorrect
dose of 10 mg/m2, the dose level specified for cohort 1, the patient
continued treatment and was included in the analysis of that dose
356 IYER et al
level (cohort 1), and a subsequent replacement cohort 5 patient
was enrolled. A summary of pralatrexate exposure, including the
cumulative dose and relative dose intensity of pralatrexate, is
shown in Table 2, and a summary of exposure to pralatrexate,
cyclophosphamide, vincristine doxorubicin, and prednisone is
shown in supplemental Table 3.

At the time of initial diagnosis using the 2016 World Health
Organization criteria, the majority of patients (n = 34 [65.4%]) had
PTCL NOS, 9 (17.3%) had AITL; 7 (13.5%) had ALCL, ALK-
negative status; 1 (1.9%) had ALCL, ALK-positive status; and 1
(1.9%) had hepatosplenic T-cell lymphoma.

Determination of the MTD (part 1)

The primary end point of the study was to determine the MTD of
Fol-CHOP in part 1 of the study, which was completed with 19
patients. In part 1, on days 1 and 8 of each cycle, patients were
treated with 10, 15, 20, 25, and 30 mg/m2 of Fol-CHOP per dose
escalation, in 5 sequential cohorts. No patients experienced DLTs
in cohorts 1, 2, 3, 4, and 5, and the maximum dose administered
was pralatrexate 30 mg/m2, which was declared the MTD and
selected as the dose for part 2.

Efficacy: part 1 and part 2

Of 52 patients enrolled (part 1 + part 2), all were treated with at
least 1 dose of pralatrexate. Of the 52 patients, 50 had at least 1
postbaseline tumor assessment and were included in the efficacy
analysis. The best ORR observed in 50 evaluable patients was
86% (95% CI, 73.26-94.18), which included 33 patients (66.0%)
with CR and 10 (20.0%) with PR. Two patients (4.0%) had a best
overall response of stable disease, and 4 (8.0%) had progressive
disease. The time to median of PFS was not estimable for this
population because of the small sample size. Responses according
to the dose level are shown in Table 3.

Median duration of response was not estimable for all cohorts at
each dose level in part 1 because not enough patients had expe-
rienced an event (progression of disease or death) at the time of
data analysis cutoff (1 patient each had an event at the 10 mg/m2,
15 mg/m2, and 25 mg/m2 dose levels, and 8 patients had an event
in the expansion cohort). Overall, 11 patients (22%) experienced
progressive disease in this study. Time to median of PFS was not
estimable for this population because of a small sample size.

In part 2, a total of 33 patients were treated with 30 mg/m2 of
pralatrexate in combination with CHOP; however, only 31 were
evaluable. Of the 31, the end of treatment ORR (after 6 cycles)
was observed in 26 patients (83.9%), with 20 patients (64.5%)
reporting CR and 6 (19.4%) reporting PR. Four patients (12.9%)
had a best overall response of progressive disease. The 95% CI of
overall response (CR + PR) was found to be 66.27% to 94.55%.

Efficacy according to the PTCL subtype. The response per
PTCL subtype is shown in Table 4. For PTCL NOS (n = 34), the
most common histology, 71% achieved CR and 18% achieved PR
as their best overall response.

Dosing modifications and patient discontinuation

There were pralatrexate dose modifications noted in this study and
included 11 instances of dose delay because of an AE in 9 patients
23 JANUARY 2024 • VOLUME 8, NUMBER 2



Table 1. Summary of patient baseline characteristics

Parameter/statistic, n(%)

Part 1 Part 2

Total

(N = 52)

CHOP + pralatrexate

10 mg/m2 (n = 4)

CHOP + pralatrexate

15 mg/m2 (n = 3)

CHOP + pralatrexate

20 mg/m2 (n = 3)

CHOP + pralatrexate

25 mg/m2 (n = 3)

CHOP + pralatrexate

30 mg/m2 (n = 6)

CHOP + pralatrexate

30 mg/m2 (n = 33)

Age, median (range), y 68.5 (55-74) 60.0 (18-73) 60.0 (53-72) 47.0 (31-58) 66.0 (43-76) 62.0 (19-78) 62.0 (18-78)

Age category, n (%), y

<65 1 (25.0) 2 (66.7) 2 (66.7) 3 (100.0) 2 (33.3) 18 (54.5) 28 (53.8)

65-75 3 (75.0) 1 (33.3) 1 (33.3) 0 3 (50.0) 13 (39.4) 21 (40.4)

>75 0 0 0 0 1 (16.7) 2 (6.1) 3 (5.8)

Sex, n (%)

Male 4 (100.0) 1 (33.3) 2 (66.7) 2 (66.7) 3 (50.0) 18 (54.5) 30 (57.7)

Female 0 2 (66.7) 1 (33.3) 1 (33.3) 3 (50.0) 15 (45.5) 22 (42.3)

Race, n (%)

White or Caucasian 3 (75.0) 3 (100.0) 2 (66.7) 3 (100.0) 6 (100.0) 24 (72.7) 41 (78.8)

Black or African American 0 0 0 0 0 5 (15.2) 5 (9.6)

American Indian or Alaska Native 0 0 0 0 0 1 (3.0) 1 (1.9)

Asian 1 (25.0) 0 1 (33.3) 0 0 2 (6.1) 4 (7.7)

Other 0 0 0 0 0 1 (3.0) 1 (1.9)

Ethnicity, n (%)

Hispanic or Latino 1 (25.0) 1 (33.3) 0 0 0 3 (9.1) 5 (9.6)

Not Hispanic or Latino 3 (75.0) 2 (66.7) 3 (100.0) 3 (100.0) 6 (100.0) 30 (90.9) 47 (90.4)

Subtype of PTCL, n (%)

ALCL, ALK negative 1 (25.0) 2 (66.7) 0 0 0 4 (12.1) 7 (13.5)

ALCL, ALK positive 0 0 0 0 0 1 (3.0) 1 (1.9)

AITL 1 (25.0) 0 1 (33.3) 0 2 (33.3) 5 (15.2) 9 (17.3)

Hepatosplenic T-cell lymphoma 0 0 0 0 0 1 (3.0) 1 (1.9)

PTCL, NOS 2 (50.0) 1 (33.3) 2 (66.7) 3 (100) 4 (66.7) 22 (66.7) 34 (65.4)

Eastern Cooperative Oncology

Group performance status,

n (%)

0 (fully active) 1 (25.0) 2 (66.7) 2 (66.7) 3 (100.0) 3 (50.0) 19 (57.6) 30 (57.7)

1 (restricted in physically
strenuous activity but
ambulatory)

2 (50.0) 0 1 (33.3) 0 2 (33.3) 11 (33.3) 16 (30.8)

2 (ambulatory and capable of all
self-care but unable to carry out
work)

0 1 (33.3) 0 0 1 (16.7) 3 (9.1) 5 (9.6)

Bone marrow finding, n (%)

Lymphoma not present 1 (25.0) 1 (33.3) 1 (33.3) 2 (66.7) 3 (50.0) 17 (51.5) 25 (48.1)

Lymphoma present 2 (50.0) 0 1 (33.3) 1 (33.3) 3 (50.0) 9 (27.3) 16 (30.8)

Not evaluable 0 0 0 0 0 0 0
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52 included in safety analysis population
50 included in efficacy analysis population

14 discontinued treatment

3 withdrawal of consent after cycles 3, 4 & 6
1 investigator decision after cycle 1
6 disease progression after cycles 2, 2, 2, 3, 6 & 6
1 death (abdominal sepsis) after cycle 6
3 adverse event after cycles 1, 1 & 5

19 completed treatment

33 patients assessed for eligibility

33 enrolled and given
CHOP+ Pralatrexate

30 mg/m2

Dose Expansion, Part 2

4 discontinued treatment
at 15 mg/m2

1 disease progression after cycle 4

1 transfer to SCT after cycle 6
2 adverse event after cycles 2 & 5

at 30 mg/m2

19 patients assessed for eligibility

Dose Escalation, Part 1

19 enrolled and given
CHOP+ Pralatrexate

(per 3+3 escalation design)

15 completed treatment

4 at 10 mg/m2

3 at 15 mg/m2

3 at 20 mg/m2

3 at 25 mg/m2

6 at 30 mg/m2

Figure 2. Patient disposition. SCT, stem cell transplant.
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(cohort 2, n = 2; cohort 3, n = 2; cohort 5, n = 2; and expansion,
n = 3) and 6 instances of dose reduction in 6 patients (cohort 5,
n = 1; and expansion, n = 5). Details of the reasons for delay, timing
of delays, and patient characteristics are included in supplemental
Table 2. Two patients in cohort 5 are included in the dose-
reduction and -delay groups. Of those patients who experienced
a dose reduction, the best overall response was CR for 3 and PR
for 2, and 1 patient (had 1 dose delayed and 1 reduced due to
AEs) had progressive disease. Of those patients who had a dose
delayed, the best overall response for 6 was CR and for 2 PR, and
the same patient noted earlier, experiencing dose-reduction delay,
had progressive disease.

A total of 18 patients discontinued from the study before
completing all per protocol dosing and/or follow-up. Of the patients
who discontinued, the best overall response was CR for 6 and PR
for 4, and 2 had stable disease, 4 had progression of disease, and
2 were not evaluable.

Safety

TEAEs were reported for all 52 patients, with the most frequently
reported being fatigue (75.0%), constipation (57.7%), mucosal
inflammation and nausea (51.9% each), anemia (42.3%), vomiting
(28.8%), diarrhea (26.9%), dizziness, neutropenia, and dyspnea
(25.0% each). Thirty-five patients (67.3%) experienced grade 3/4
TEAEs, the most common of which were anemia (21.2%), neu-
tropenia (19.2%), febrile neutropenia (11.5%), fatigue, mucosal
inflammation, nausea, and vomiting (7.7% each).

Forty-nine patients (94.2%) experienced TEAEs considered to
be related to pralatrexate treatment, the most common of which
were fatigue (51.9%), mucosal inflammation (48.1%), nausea
358 IYER et al
(44.2%), constipation (40.4%), anemia (36.5%), and vomiting
(25.0%).

Fifty-one patients (98.1%) experienced TEAEs considered to be
related to CHOP treatment, the most common of which were
fatigue (53.8%), nausea (42.3%), constipation (50.0%), anemia
(36.5%), vomiting (25.0%), mucosal inflammation, and neutropenia
(23.1% each).

A summary of TEAEs by severity experienced by >1 patients is
included in Table 5. A table of all reported TEAEs according to the
severity are detailed in supplemental Table 3.

Because of TEAEs, 9 patients were discontinued from pralatrexate
treatment and 7 from CHOP. The AEs that resulted in discontin-
uation are detailed in Table 6. Eight patients (1 in cohort 5 and 7 in
expansion) required a pralatrexate dose and/or schedule reduction
due to AEs, whereas 4 patients, all in expansion, required a CHOP
dose and/or schedule reduction.

Nineteen patients (36.5%) experienced a total of 35 SAEs. SAEs
reported for >1 patient included febrile neutropenia 6 (11.5%),
anemia 3 (5.8%), nausea, and pneumonia aspiration (3.8% each).
SAEs were considered to be related to pralatrexate for 10 patients
(19.2%), including 3 patients (5.8%) each with SAEs of anemia and
febrile neutropenia; all other pralatrexate-related SAEs were reported
for 1 patient (1.9%) each. SAEs were considered to be related to
CHOP for 12 patients (23.1%), including 4 (7.7%) with febrile
neutropenia, 3 (5.8%) with anemia, and 2 (3.8%) with nausea; all
other CHOP-related SAEs were reported for 1 patient (1.9%) each.

Overall, 1 patient (1.9%) died during the study or within 30 days of
the last dose of the study treatment. The cause of death for the
patient was abdominal sepsis.
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PKs

The PK parameters obtained after the cycle-1 day-1 dose of pra-
latrexate (PDX-10a and PDX-10b) in the plasma are presented in
supplemental Table 5. The rate of absorption for PDX-10b was
found to be 13.4% higher than that of PDX-10a. The extent of
absorption (area under the curve) for PDX-10b was found to be
44.8% higher than that of PDX-10a. T1/2 and Tmax were found to be
similar for both analytes, at ~4.5 hours and 0.1 hour, respectively.
The total clearance for PDX-10a was found to be 47% higher than
that of PDX-10b. The volume of distribution for PDX-10a was found
to be 52% higher than that of PDX-10b.
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Discussion

This was the first prospective study, to our knowledge, to evaluate
the Fol-CHOP for patients with PTCL. A total of 52 patients were
enrolled in the study, and 33 patients in the part 2, expansion,
phase received pralatrexate at dose of 30 mg/m2 in combination
with CHOP every 21 days for up to 6 cycles. The primary objective
of the part 1 of this study was to evaluate the MTD of pralatrexate in
combination with CHOP and, for the part 2, characterize safety and
efficacy of the MTD in an expansion cohort. The Fol-CHOP
regimen was reasonably well tolerated and resulted in an 86%
ORR and 66% CR rate. Median duration of response was not
estimable because not enough patients had experienced an event
(progression of disease or death) at the time of data analysis cutoff,
and time to median of PFS was not estimable for this population
because of the small sample size. We recognize this as a limitation
of these study results; because this is a phase 1 protocol and did
not stipulate long-term follow-up data collection on eCRF; how-
ever, PFS and EFS will be captured in the design of an upcoming
phase 3 study.

The toxicity profile of the combination therapy was manageable; the
most common grade ≥3 AEs were anemia (21.2%), neutropenia
(19.2%), febrile neutropenia (11.5%), fatigue, mucosal inflamma-
tion, nausea, and vomiting (7.7% each).

CHOP has often been used as a comparator in PTCL treatment
trials, with an OS at 24 months of 50% to 76%.23-26 In efforts to
improve outcomes, a number of other agents combined with
CHOP have been evaluated in the past decade, including belino-
stat, romidepsin, and azacitidine. In the Bel-CHOP study, patients
with PTCL, with a median age of 63 years, received belinostat
(1000 mg/m2 once daily) + standard CHOP for 6 cycles, resulting
in an ORR of 86% and CR of 71%.26 All patients experienced AEs,
and serious events occurred in 43%, including febrile neutropenia
(17%) and pyrexia (13%).27 A recent phase 3 trial combining
romidepsin with CHOP reported a median PFS of 12.0 months
compared with 10.2 months for CHOP alone, with an ORR of 63%
vs 60%, respectively.23 Although the addition of romidepsin to
CHOP did not lead to improvements in response rates or OS and
increased the frequency of grade ≥ 3 TEAEs, including thrombo-
cytopenia (50%), neutropenia (49%), anemia (47%), and leuko-
penia (32%), an exploratory analysis of centrally confirmed TFH
lymphomas, such as AITL, did identify extended PFS in the romi-
depsin with CHOP arm (19.5 months) compared with CHOP alone
(10.6 months).23 Oral azacitidine has been previously studied in
AITL but more recently studied in PTCL in addition to standard
CHOP. A phase 2 study of 17 patients with AITL or PTCL-TFH
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Table 3. Tumor responses according to the dose level evaluable population of 50 patients

Part 1 Part 2

Total (N = 50),

n (%)

Cohort 1

10 mg/m2
(n = 4),

n (%)

Cohort 2

15 mg/ m2
(n = 3),

n (%)

Cohort 3

20 mg/ m2
(n = 3),

n (%)

Cohort 4

25 mg/ m2
(n = 3),

n (%)

Cohort 5

30 mg/ m2
(n = 6),

n (%)

Expansion

30 mg/ m2
(n = 31),

n (%)

Overall response per lugano classification

CR 3 (75.0) 1 (33.3) 2 (66.7) 2 (66.7) 5 (83.3) 20 (64.5) 33 (66.0)

PR 1 (25.0) 1 (33.3) 1 (33.3) 1 (33.3) 0 6 (19.4) 10 (20.0)

Stable disease 0 1 (33.3) 0 0 1 (16.7) 0 2 (4.0)

Progressive disease 0 0 0 0 0 4 (12.9) 4 (8.0)

Not evaluable 0 0 0 0 0 1 (3.2) 1 (2.0)

Objective response rate

CR 3 (75.0) 1 (33.3) 2 (66.7) 2 (66.7) 5 (83.3) 20 (64.5) 33 (66.0)

95% CI (%) 19.41, 99.37 0.84, 90.57 9.43, 99.16 9.43, 99.16 35.88, 99.58 45.37, 80.77 51.23, 78.79

Overall response (CR + PR) 4 (100.0) 2 (66.7) 3 (100.0) 3 (100.0) 5 (83.3) 26 (83.9) 43 (86.0)

95% CI (%) 39.76, 100.0 9.43, 99.16 29.24, 100.0 29.24, 100.0 35.88, 99.58 66.27, 94.55 73.26, 94.18
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reported CR rates of 88% for patients with AITL or PTCL-TFH, with
neutropenia (71%) being the most common.28

A recent review of 55 clinical studies that used CHOP or CHOP-
like regimens as comparators for novel combinations concluded
that with only 1 exception (BV + cyclophosphamide, doxorubicin,
and prednisone [A + CHP], as reported in the ECHELON-2 trial),
other combinations showed no statistically significant benefit over
CHOP alone, in terms of OS or PFS in patients with PTCL.15,26,29

Comparison of outcomes in PTCL studies should be made with the
recognition that there are wide variations in the characteristics of
enrolled participants. Median ages that have been reported range
from 33 to 74 years, whereas in this study, the median age was 62
years, gender proportions were variable, and there was a mix of
PTCL subtypes. In our study, the addition of Fol-CHOP resulted in
favorable OR and CR rates. Although pralatrexate led to an ORR of
29% patients with PTCL in the landmark PROPEL study, a lower
response rate in patients with AITL subtype was seen. However,
other studies, including retrospective analyses, found a more
favorable response in AITL. An international case match control
analysis of PROPEL was conducted, reporting superior OS for
patients treated on PROPEL compared with historical controls
from an international PTCL database that were rigorously matched
against PROPEL criteria using propensity score matching algo-
rithm. Notably, the OS estimates for AITL subtype were 5.5 months
for the historical controls and 9.77 months with PROPEL.30
Table 4. Tumor response according to the subtype

Subtype of PTCL ALCL, ALK negative (n = 7) ALCL, ALK positive (n

CR 3 (43%) 1 (100%)

PR 3 (43%) 0

Stable disease 1 (14%) 0

Progressive disease 0 0

Not evaluable 0 0

360 IYER et al
Chihara et al reported a median OS after first, second, and third
relapse for patients with AITL of 15.0, 8.3, and 6.0 months,
respectively.31 Pralatrexate was also evaluated as an investigator-
selected single-agent comparator in the Lumiere Study of ali-
sertib in R/R PTCL, which reported an ORR of 43% for prala-
trexate and 33% for alisertib.18

Within the PTCL trials including pralatrexate, the development of
oral mucositis grade ≥2 has been reported at a rate of 52%.13 The
use of leucovorin (d,l-folinic acid) as an adjunct to pralatrexate
therapy has been studied as a strategy to mitigate mucositis in
patients with PTCL and has demonstrated a significant reduction in
the rates of grade ≥2 and grade ≥3 mucositis.20 To our knowl-
edge, this study was one of the first studies to investigate the
prospective use of calcium leucovorin for mucositis prophylaxis. In
our study, patients were instructed to take leucovorin tablets
(25 mg) 3 times a day for 2 days, beginning 24 hours after each
pralatrexate treatment, as prophylaxis. We reported an overall
incidence of any mucositis of 51.9%: 28.8% with grade 1 severity,
15.4% with grade 2 severity, 7.7% with grade 3 severity, and no
cases of grade 4 mucositis. Comparatively, in the PROPEL trial,
71% experienced any grade of mucositis, with 18% having grade 3
and 4% having grade 4 severity.13

The primary objective of this study was met; the Fol-CHOP
regimen was reasonably well tolerated with an MTD of 30 mg/m2

and demonstrated a promising ORR of 83.9% (20 CRs and 6 PRs)
= 1)

AITL

(n = 9)

Hepatosplenic T-cell

lymphoma (n = 1) PTCL, NOS (n = 34)

5 (56%) 0 24 (71%)

2 (22%) 0 6 (18%)

1 (11%) 0 0

0 0 4 (12%)

1 (11%) 1 (100%) 0
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Table 5. TEAEs according to the severity-safety population (experienced by more than 1 patient)

AE Grade 1 Grade 2 Grade 3 Grade 4 Grade 5 Total

Blood and lymphatic system disorders 3 (5.8%) 9 (17.3%) 19 (36.5%) 6 (11.5%) 0 37 (71.2%)

Anemia 2 (3.8%) 9 (17.3%) 11 (21.2%) 0 0 22 (42.3%)

Febrile Neutropenia 0 1 (1.9%) 6 (11.5%) 0 0 7 (13.5%)

Leukopenia 1 (1.9%) 0 0 1 (1.9%) 0 2 (3.8%)

Lymphopenia 1 (1.9%) 1 (1.9%) 0 0 0 2 (3.8%)

Neutropenia 1 (1.9%) 2 (3.8%) 5 (9.6%) 5 (9.6%) 0 13 (25.0%)

Thrombocytopenia 0 2 (3.8%) 0 1 (1.9%) 0 3 (5.8%)

Cardiac disorders, tachycardia 2 (3.8%) 1 (1.9%) 0 0 0 3 (5.8%)

Ear and labyrinth disorders, ear pain 1 (1.9%) 1 (1.9%) 0 0 0 2 (3.8%)

Eye disorders 11 (21.2%) 2 (3.8%) 0 0 0 13 (25.0%)

Dry eye 6 (11.5%) 0 0 0 0 6 (11.5%)

Lacrimation increased 5 (9.6%) 1 (1.9%) 0 0 0 6 (11.5%)

Vision blurred 8 (15.4%) 1 (1.9%) 0 0 0 9 (17.3%)

Gastrointestinal disorders 20 (38.5%) 18 (34.6%) 8 (15.4%) 0 0 46 (88.5%)

Abdominal pain 2 (3.8%) 2 (3.8%) 1 (1.9%) 0 0 5 (9.6%)

Constipation 18 (34.6%) 10 (19.2%) 2 (3.8%) 0 0 30 (57.7%)

Diarrhea 9 (17.3%) 5 (9.6%) 0 0 0 14 (26.9%)

Dyspepsia 2 (3.8%) 1 (1.9%) 1 (1.9%) 0 0 4 (7.7%)

Gastritis 0 2 (3.8%) 0 0 0 2 (3.8%)

Gastroesophageal reflux disease 4 (7.7%) 4 (7.7%) 1 (1.9%) 0 0 9 (17.3%)

Nausea 12 (23.1%) 10 (19.2%) 4 (7.7%) 0 0 26 (50.0%)

Oral pain 5 (9.6%) 6 (11.5%) 1 (1.9%) 0 0 12 (23.1%)

Stomatitis 5 (9.6%) 4 (7.7%) 2 (3.8%) 0 0 11 (21.2%)

Vomiting 6 (11.5%) 5 (9.6%) 4 (7.7%) 0 0 15 (28.8%)

General disorders and administration site

conditions

16 (30.8%) 23 (44.2%) 8 (15.4%) 1 (1.9%) 0 48 (92.3%)

Chest pain 3 (5.8%) 0 0 0 0 3 (5.8%)

Fatigue 16 (30.8%) 19 (36.5%) 3 (5.8%) 1 (1.9%) 0 39 (75.0%)

Local swelling 2 (3.8%) 1 (1.9%) 1 (1.9%) 0 0 4 (7.7%)

Mucosal inflammation 15 (28.8%) 8 (15.4%) 4 (7.7%) 0 0 27 (51.9%)

Edema peripheral 2 (3.8%) 1 (1.9%) 0 0 0 3 (5.8%)

Pyrexia 5 (9.6%) 4 (7.7%) 0 0 0 9 (17.3%)

Infections and infestations 7 (13.5%) 9 (17.3%) 4 (7.7%) 1 (1.9%) 1 (1.9%) 22 (42.3%)

Candida infection 0 3 (5.8%) 0 0 0 3 (5.8%)

Nasopharyngitis 1 (1.9%) 1 (1.9%) 0 0 0 2 (3.8%)

Pneumonia 0 1 (1.9%) 1 (1.9%) 0 0 2 (3.8%)

Upper respiratory tract infection 1 (1.9%) 1 (1.9%) 0 0 0 2 (3.8%)

Investigations 9 (17.3%) 5 (9.6%) 7 (13.5%) 5 (9.6%) 0 26 (50.0%)

Alanine aminotransferase level increased 6 (11.5%) 0 2 (3.8%) 0 0 8 (15.4%)

Aspartate aminotransferase level increased 5 (9.6%) 1 (1.9%) 1 (1.9%) 1 (1.9%) 0 8 (15.4%)

Blood creatinine level increased 2 (3.8%) 1 (1.9%) 1 (1.9%) 0 0 4 (7.7%)

Hematocrit level decreased 0 2 (3.8%) 0 0 0 2 (3.8%)

Lymphocyte count decreased 1 (1.9%) 1 (1.9%) 2 (3.8%) 1 (1.9%) 0 5 (9.6%)

Neutrophil count decreased 0 0 2 (3.8%) 3 (5.8%) 0 5 (9.6%)

Platelet count decreased 3 (5.8%) 3 (5.8%) 0 1 (1.9%) 0 7 (13.5%)

Weight decreased 5 (9.6%) 0 0 0 0 5 (9.6%)

White blood cell count decreased 0 3 (5.8%) 1 (1.9%) 0 0 4 (7.7%)

Metabolism and nutrition disorders 15 (28.8%) 5 (9.6%) 3 (5.8%) 0 0 23 (44.2%)

23 JANUARY 2024 • VOLUME 8, NUMBER 2 FOL-CHOP DOSE-FINDING PHASE 1 TRIAL 361

D
ow

nloaded from
 http://ashpublications.net/bloodadvances/article-pdf/8/2/353/2210452/blooda_adv-2023-011095-m

ain.pdf by guest on 06 M
ay 2024



Table 5 (continued)

AE Grade 1 Grade 2 Grade 3 Grade 4 Grade 5 Total

Decreased appetite 10 (19.2%) 2 (3.8%) 0 0 0 12 (23.1%)

Dehydration 1 (1.9%) 3 (5.8%) 1 (1.9%) 0 0 5 (9.6%)

Hyperglycemia 2 (3.8%) 0 0 0 0 2 (3.8%)

Hyperuricemia 4 (7.7%) 0 0 0 0 4 (7.7%)

Hypokalemia 5 (9.6%) 1 (1.9%) 0 0 0 6 (11.5%)

Hypomagnesemia 4 (7.7%) 0 0 0 0 4 (7.7%)

Musculoskeletal and connective tissue

disorders

10 (19.2%) 8 (15.4%) 1 (1.9%) 1 (1.9%) 0 20 (38.5%)

Arthralgia 2 (3.8%) 0 0 0 0 2 (3.8%)

Back pain 1 (1.9%) 2 (3.8%) 1 (1.9%) 0 0 4 (7.7%)

Bone pain 2 (3.8%) 3 (5.8%) 0 0 0 5 (9.6%)

Muscle spasms 2 (3.8%) 0 0 0 0 2 (3.8%)

Myalgia 5 (9.6%) 3 (5.8%) 0 0 0 8 (15.4%)

Nervous system disorders 22 (42.3%) 6 (11.5%) 1 (1.9%) 0 0 29 (55.8%)

Dizziness 10 (19.2%) 3 (5.8%) 0 0 0 13 (25.0%)

Headache 5 (9.6%) 0 1 (1.9%) 0 0 6 (11.5%)

Hypoesthesia 3 (5.8%) 0 0 0 0 3 (5.8%)

Memory impairment 5 (9.6%) 2 (3.8%) 0 0 0 7 (13.5%)

Neuropathy peripheral 9 (17.3%) 2 (3.8%) 0 0 0 11 (21.2%)

Peripheral sensory neuropathy 6 (11.5%) 1 (1.9%) 0 0 0 7 (13.5%)

Psychiatric disorders 11 (21.2%) 4 (7.7%) 0 0 0 15 (28.8%)

Anxiety 1 (1.9%) 2 (3.8%) 0 0 0 3 (5.8%)

Depression 1 (1.9%) 1 (1.9%) 0 0 0 2 (3.8%)

Insomnia 8 (15.4%) 2 (3.8%) 0 0 0 10 (19.2%)

Renal and urinary disorders 7 (13.5%) 1 (1.9%) 0 0 0 8 (15.4%)

Dysuria 4 (7.7%) 0 0 0 0 4 (7.7%)

Pollakiuria 3 (5.8%) 0 0 0 0 3 (5.8%)

Respiratory, thoracic, and mediastinal

disorders

23 (44.2%) 4 (7.7%) 3 (5.8%) 0 0 30 (57.7%)

Cough 4 (7.7%) 2 (3.8%) 0 0 0 6 (11.5%)

Dyspnea 12 (23.1%) 1 (1.9%) 0 0 0 13 (25.0%)

Epistaxis 2 (3.8%) 0 0 0 0 2 (3.8%)

Oropharyngeal pain 5 (9.6%) 0 0 0 0 5 (9.6%)

Pneumonia aspiration 0 0 2 (3.8%) 0 0 2 (3.8%)

Rhinorrhea 3 (5.8%) 0 0 0 0 3 (5.8%)

Sinus congestion 2 (3.8%) 0 0 0 0 2 (3.8%)

Skin and subcutaneous tissue disorders 11 (21.2%) 7 (13.5%) 0 0 0 18 (34.6%)

Alopecia 2 (3.8%) 4 (7.7%) 0 0 0 6 (11.5%)

Rash 7 (13.5%) 2 (3.8%) 0 0 0 9 (17.3%)

Skin Exfoliation 2 (3.8%) 0 0 0 0 2 (3.8%)

Vascular disorders 2 (3.8%) 5 (9.6%) 1 (1.9%) 1 (1.9%) 0 9 (17.3%)

Deep vein thrombosis 1 (1.9%) 1 (1.9%) 0 0 0 2 (3.8%)

Embolism 0 2 (3.8%) 0 0 0 2 (3.8%)

Hypertension 1 (1.9%) 1 (1.9%) 0 0 0 2 (3.8%)

Hypotension 1 (1.9%) 1 (1.9%) 0 0 0 2 (3.8%)
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at CHOP + pralatrexate 30 mg/m2, as assessed by treating
investigators. The nature of this being a phase 1 trial, without long-
term survival data to assess durability of responses, precludes any
362 IYER et al
conclusions as to the superiority of particular regimens. The ORR
was encouraging, comparable with the ORR seen in other studies
of CHOP-based regimens in PTCL, and the toxicity profile was
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Table 6. TEAEs leading to dose discontinuation

Dose disruption

Patient number (n = 9)

Treatment group

Cohort no. or expansion (dose) AE term Action taken with pralatrexate Action taken with CHOP

1 Expansion (30 mg/m2) Anemia Drug withdrawn Drug withdrawn

2 Cohort 5 (30 mg/m2) Hypovolemic shock Drug withdrawn Drug withdrawn

3 Expansion (30 mg/m2) Neutrophil count decreased
Aspartate aminotransferase increased

Febrile neutropenia

Drug withdrawn
Drug withdrawn
Drug withdrawn

Drug withdrawn
Drug withdrawn
Drug withdrawn

4 Expansion (30 mg/m2) Mucosal inflammation Drug withdrawn Dose not changed

5 Expansion (30 mg/m2) Abdominal sepsis Drug withdrawn Drug withdrawn

6 Cohort 5 (30 mg/m2) Neutrophil count decreased Drug withdrawn Dose not changed

7 Expansion (30 mg/m2) Neutropenia Drug withdrawn Drug withdrawn

8 Expansion (30 mg/m2) Nausea Drug withdrawn Drug withdrawn

9 Expansion (30 mg/m2) Confusional state
Fatigue

Drug withdrawn Drug withdrawn

D
ow

nloaded from
 http://ashpublications.net/bloodadvances/a
manageable, although dose adjustments for each component of
Fol-CHOP were not infrequent. Other dosing strategies for Fol-
CHOP may need to be explored to allow for a higher dose inten-
sity. These findings have provided supportive evidence toward the
development of an upcoming clinical trial (2024), further investi-
gating the Fol-CHOP treatment regimen as a firstline treatment for
PTCL.
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