
A phase I study of romidepsin and ifosfamide, 
carboplatin, etoposide for the treatment of patients
with relapsed or refractory peripheral T-cell 
lymphoma

The survival outcome of patients with peripheral T-cell
lymphoma (PTCL) who experience relapse or progression
following first-line treatment is generally very poor.1 It
can improve for patients who are able to receive stem cell
transplantation (SCT), particularly if remission prior to
transplant is achieved.2 Currently, there is no one stan-
dard salvage therapy for PTCL, except brentuximab
vedotin (BV) for patients with anaplastic large cell lym-
phoma (ALCL), and either combination chemotherapies
or targeted agent monotherapies, such as romidepsin, are
commonly used.3-5 Such combinations offer the potential
of improving outcomes for patients with PTCL by increas-
ing complete remission (CR) rates and durability of remis-
sions.6 Here we report an open-label single institute
phase I study I clinical trial combining romidepsin and
ifosfamide, carboplatin, etoposide (ICE) in patients with
relapsed/refractory PTCL. (This trial is registered at clini-
caltrials.gov identifier: 01590732.) 
The study was conducted in accordance with the prin-

ciples of the Declaration of Helsinki and the protocol was
approved by the institutional review boards of the centers
involved. The primary objective of the study was to assess
the safety profile of this combination and to determine
the maximum tolerated dose (MTD). 
Patients with Eastern Cooperative Oncology Group

(ECOG) performance status ≤2 and adequate renal and
hepatic function were included in the study. Patients with
central nervous involvement were excluded. 
Romidepsin was given intravenously (IV) on days 1 and

4 at 8 mg/m2 (dose level 1), 10 mg/m2 (level 2), or 12
mg/m2 (level 3). ICE consisted of: ifosfamide IV 5 g/m2 on
day 1, mesna IV 5 g/m2 on day 1, carboplatin IV with an
area under the curve (AUC) of 5 on day 1, and etoposide
IV 100 mg/m2 on days 1-3. A Bayesian method was used
to assign patients to each dose level. Cycles were repeated
every 14 days with growth factor support, for up to 6
cycles. Toxicity was graded using the Common
Terminology Criteria for Adverse Events v.4.0. Dose lim-
iting toxicity (DLT) was only assessed during cycle 1, and
defined as any grade 3 or 4 non-hematologic toxicity
attributed to romidepsin that could not be controlled or
prevented by supportive care, or as grade 4 neutropenia or
thrombocytopenia lasting longer than 14 days. The MTD
was defined as the dose at which 20% of the patients
experienced a DLT.  
Eighteen patients were enrolled between February 2013

and April 2016. Baseline characteristics are shown in
Table 1. Two patients were enrolled at dose level 1 of
romidepsin (8 mg/m2), 15 at dose level 2 (10 mg/m2), and
one at dose level 3 (12 mg/m2). The number of total cycles
provided for each level was 7, 39, and 1, respectively.
Median number of cycles per patient was 3 (range, 1-5
cycles), and the median time interval between subsequent
cycles was 21 days (range, 14-33 days).
Median time on study was two months (range, 1-13

months). Reasons for study discontinuation were: indica-
tion for SCT in 12 patients, lack of response in one, con-
sent withdrawal in one, and toxicity in 4 patients (allergy,
ototoxicity, thrombocytopenia, and renal insufficiency).
Two patients were enrolled on dose level 1, and no

dose-limiting toxicities (DLTs) were observed. Two
patients were enrolled at dose level 2, as per study design,
and no DLTs were observed. One patient was enrolled at

dose level 3; this patient had a persistent grade 4 throm-
bocytopenia which was considered a DLT. Thus, as per
study design, dose level 2 was expanded to include an
additional 13 patients. Of these, one patient had an
episode of acute renal failure, which was considered a
DLT, but per study design the cohort expansion was con-
tinued and no additional DLT was observed. So, dose
level 2 was identified as MTD for future phase II studies.
Among all enrolled patients, the most common (>10%

of patients) grade 3-4 toxicities were thrombocytopenia
(83%), anemia (50%), neutropenia (44%), fatigue (33%),
nausea/vomiting (33%), infections (28%), dyspnea (17%),
and transaminitis (11%).
Fifteen out of 18 treated patients were evaluable for

response: 3 patients stopped treatment after 1 cycle
before first response evaluation because of toxicity (aller-
gy, ototoxicity, and thrombocytopenia).
Overall response rate (ORR) was 93%: 12 (80%)
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Table 1. Patients’ baseline characteristics.
Patients (n=18) Number (%), 

median [range]

Median time from diagnosis (months) 5 [2-45]
Age (years) 59 [21-68]
Age > 65 years 3 (17)
Males 13 (72)
Diagnosis: PTCL-NOS 7 (39)
AITL 7 (39)
ALK+ ALCL 1 (5.5)
ALK- ALCL 1 (5.5)
NK/TCL 1 (5.5)
HSTL 1 (5.5)
Ann Arbor stage I 0 (0)
II 3 (17)
III 5 (28)
IV 10 (55)
Previous regimens (n) 1 [1-2]
Previous regimen > 1 1 (5.5)
Latest regimen: CHOP 8 (44.5)
CHOEP 5 (28)
EPOCH 1 (5.5)
HCVAD/ MTX-Ara-C 2 (11)
BV-CHP 2 (11)

Previous autologous SCT 1 (5.5)
Previous radiation therapy 1 (5.5)
Response to previous regimen: CR 4 (22)
PR 0 (0)
SD 2 (11)
PD 12 (67)
Relapsed < 6 months 16 (89)
n: number; PTCL-NOS: peripheral T-cell lymphoma not otherwise specified; AITL:
angioimmunoblastic T-cell lymphoma; ALK: anaplastic lymphoma kinase; ALCL:
anaplastic large cell lymphoma; NK/TCL: natural killer T-cell lymphoma; HSTL:
hepatosplenic gamma-delta T-cell lymphoma; CHOP: cyclophosphamide, doxoru-
bicin, vincristine, prednisone; CHOEP: cyclophosphamide, doxorubicin, vincristine,
etoposide, prednisone; EPOCH: etoposide, prednisone, vincristine, cyclophos-
phamide, doxorubicin; HCVAD: hyperfractionated cyclophosphamide, vincristine,
doxorubicin, and dexamethasone/methotrexate, cytarabine; BV-CHP: brentuximab,
cyclophosphamide, doxorubicin, prednisone; SCT: stem cell transplant; CR: com-
plete remission; PR: partial remission; SD: stable disease; PD: progressive disease.



patients achieved CR and 2 patients achieved (13%) par-
tial remission (PR); one (7%) patient achieved stable dis-
ease (SD). Of interest, among rare subtypes, one patient
with ALK negative ALCL achieved CR, one with ALK
positive ALCL achieved PR, one patient with HSTL
achieved PR, and one patient with NK/TCL achieved CR.
Median reduction in tumor burden was 65% (range, 0-
100%) (Figure 1).
Nine (50%) patients proceeded to SCT (5 allogeneic, 4

autologous) after treatment, after a median time of three
months (range, 2-4 months); one additional patient pro-
ceeded to allogeneic SCT later during the course of dis-
ease, at time of relapse. Among the 7 patients for whom
peripheral blood stem cell collection was attempted, col-
lection failed in 2 and median number of CD34+ cells was
5x106/Kg (range, 0-20). One patient, who had an ade-
quate collection, progressed before autologous SCT could
be performed. Among 4 patients who underwent autolo-
gous SCT, median time to platelet recovery was 28 days
(range, 10-43) and median time to neutrophil recovery
was 11 days (range, 10-13), though in all cases granulo-
cyte-colony stimulating factor (G-CSF) support was pro-
vided. 
After a median follow up of 13 months (range, 3-45

months), median progression-free survival (PFS) was ten
months (95%CI: 1-21 months). At last follow up, 10
patients have had progression or relapse of disease, 4 after
SCT (3 after allogeneic SCT, 1 after autologous SCT).
Time to SCT and PFS are shown in Figure 2.
At the most recent follow up, 10 patients have died: 6

of disease progression, one of therapy-related acute
myeloid leukemia (while disease was progressing), 2 of
pneumonia (while in remission), and one of renal insuffi-
ciency while in remission. Median overall survival (OS)
was 15 months (95%CI: 10-20 months).
At time of study design, romidepsin had already been

approved by the US Food and Drug Administration for
the treatment of relapsed PTCL, based on the results of
two phase II studies investigating its activity as single
agent in this setting.7,8 With the limits of an inter-study
comparison, both hematologic (mainly thrombocytope-
nia) and non-hematologic toxicities (the most common
being fatigue, nausea/vomiting and infections) were more

frequent with the combination of romidepsin and ICE, as
compared to single agent romidepsin,7,8 but similar to
what has been reported for ICE without romidepsin,4,5,9,10

reducing the concern for synergistic toxicity.
With the same limits, the ORR (93%) and CR rate

(80%) observed in our study were higher than what has
been reported with romidepsin monotherapy (ORR 25%-
38%, CR 15%-18%)7,8 or ICE without romidepsin (ORR
70%, CR 35%).9 However, it is important to consider that
in older studies, positron emission tomography was not
included in the response assessment, and, as a conse-
quence, CR rate may have been underestimated.
Consolidation with SCT was sought in disease CR. In

total, 50% of the enrolled patients proceeded to SCT,
with 5 patients proceeding to allogeneic SCT, and 4 to
autologous SCT. While autologous SCT is typically pre-
ferred, given both the benefit and toxicity risks associated
with allogeneic SCT as consolidation after front-line set-
ting, except for very rare aggressive subtypes of PTCL,11,12

its role in relapsed patients achieving remission after sal-
vage therapy is less clear. Consequently, particularly in the
absence of disease CR, allogeneic SCT is often considered
in the salvage setting.13,14 

After a median follow up of 13 months, a median PFS
of 10 months and a median OS of 15 months have been
reached; this compares favorably with both single agent
romidepsin (median PFS, 9 months)8,15 or ICE without
romidepsin (median PFS, 6 months).5 Interestingly, the
majority of progressions occurred among patients who
were unable to undergo SCT, and about 30% of observed
deaths were not due to disease progression, further high-
lighting the need for less toxic salvage regimens.
Furthermore, many progressed after SCT, raising the
question of potential post-transplant maintenance thera-
py in these patients. 
Since 2009, the FDA has approved 4 novel agents for

the treatment of patients with relapsed or refractory
PTCL, including romidepsin, pralatrexate, belinostat and
brentuximab vedotin. In our study we demonstrate that
the incorporation of one of these agents, romidepsin, to
ICE back-bone salvage chemotherapy can translate into
higher CR rate without significant increase in toxicity,
facilitating subsequent consolidation with SCT. Our trial
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Figure 1. Waterfall plot showing best response in tumor size from baseline.



represents an early step towards the integration of target-
ed therapy into combined treatment strategies for
relapsed and refractory PTCL. Multiple trials are currently
evaluating chemotherapy-free doublets, and early data
suggest potential durable efficacy and a role for such strat-
egy as salvage therapy for PTCL (clinicaltrials.gov identifiers:
02341014, 01897012, 02783625, 01947140, 01998035).
Additionally, trials investigating the role of maintenance
both with romidepsin and with other targeted agents post
SCT for patients with PTCL are ongoing (clinicaltrials.gov
identifiers: 01908777, 02512497, 01822509). It is hoped
that these trials will help to reverse the dismal prognosis
currently associated with relapsed or refractory PTCL.  
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Figure 2. Swimmer plot showing time
to stem cell transplant and progres-
sion-free survival. SCT: stem cell
transplantation; PFS: progression-free
survival.


