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ORIGINAL ARTICLE: CLINICAL
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ABSTRACT
Peripheral T-cell lymphomas (PTCLs) are a rare group of lymphoid neoplasms with high relapse
rates after initial therapy and poor prognosis. Most patients are aged �60 years and are often
not candidates for aggressive salvage therapies. Romidepsin, a potent class I histone deacetylase
inhibitor, has shown significant single-agent activity in relapsed/refractory PTCL. We evaluated
the efficacy and tolerability of romidepsin in elderly patients in this setting. Ninety-five patients
aged �60 years were identified from 2 prospective phase 2 registration trials of romidepsin, and
comparative analyses were performed with younger patients from these trials. Response rates,
progression-free survival, and overall survival were not statistically different for younger vs older
patients. The toxicity profile in older and younger patients was similar in both trials. Romidepsin
demonstrated similar efficacy and tolerability in younger and older patients and presents an
attractive treatment option for relapsed/refractory PTCL regardless of age.

Trial registration: Clinicaltrials.gov identifiers: NCT00426764, NCT00007345.
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Introduction

Peripheral T-cell lymphomas (PTCLs) are a heteroge-
neous group of mature, post-thymic T- and natural
killer-cell non-Hodgkin lymphomas (NHLs) associated
with a poor prognosis in most subtypes [1,2].
The World Health Organization classification of hema-
tologic malignancies recognizes >15 biologically dis-
tinct subtypes that together comprise 5–10% of the
estimated 71,850 new cases of NHL diagnosed in the
United States in 2015 [1–3]. In an international epide-
miologic PTCL study, the median age at diagnosis of
PTCL was 62 years [2]. A US epidemiologic study
reported similar findings; the median age of all PTCL
patients was 62 years and the majority of patients
were 60 years or older [4]. Similar to other lymphomas,
advanced age has been shown to be a

negative prognostic factor for survival in patients with
PTCL [2,5].

Patients with relapsed/refractory PTCL have a poor
prognosis, particularly those unable to receive salvage
combination chemotherapy [1,2,6]. Elderly patients are
at increased risk of significant morbidity and mortality
from aggressive salvage protocols due to cumulative
comorbidities and/or poor performance status. In add-
ition, age is a negative prognostic factor for outcomes
after hematopoietic stem cell transplant [7], which is
the only curative strategy available after relapse.

Romidepsin is a potent class I selective histone
deacetylase (HDAC) inhibitor [8–10] and epigenetic
modifier approved by the US Food and Drug
Administration for the treatment of patients with PTCL
who have received �1 prior therapy. Approval of
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romidepsin for the treatment of relapsed/refractory
PTCL was based on results from 2 prospective phase 2
clinical trials [11–13]. In the pivotal phase 2 study of
romidepsin in patients with relapsed/refractory PTCL
(NCT00426764; N¼ 131), the objective response rate
(ORR) was 25% (15% with confirmed/unconfirmed com-
plete response [CR/CRu]) [11,12]. The median duration
of response (DOR) was 28 months [12], with the longest
response ongoing at 56 months [14]. The second study,
from the National Cancer Institute (NCI; NCT00007345;
N¼ 47) [13], demonstrated an ORR of 38% (18% with
CR). The median DOR was 9 months, with the longest
response ongoing at 76 months. The most common
romidepsin-related adverse events (AEs) in both studies
were gastrointestinal or asthenic conditions that were
primarily grade 1/2 and did not result in drug discon-
tinuation [11,13,15]. Common grade �3 AEs included
thrombocytopenia, neutropenia, anemia, leukopenia,
fatigue, and pyrexia [16]. The objective of this report
was to analyze the efficacy and safety of romidepsin
specific to older patients (�60 years) with relapsed/
refractory PTCL in the phase 2 pivotal and NCI trials.

Materials and methods

Study design

The study design and eligibility criteria for these simi-
lar multicenter, single-arm, open-label phase 2 studies
have been described previously [11,13]. Briefly, both
trials enrolled patients with PTCL who relapsed from
or were refractory to �1 prior therapy. Patients
received romidepsin 14mg/m2 as a four-hour intraven-
ous infusion on days 1, 8, and 15 of 28-day cycles.

Efficacy assessments, response criteria, and safety
analyses

In the pivotal trial, the primary endpoint was the rate
of CR/CRu as determined by an independent review
committee using International Workshop Criteria (IWC)
guidelines for response assessments for NHL [17]. Key
secondary endpoints included ORR and DOR. In the
NCI trial, the primary outcomes were ORR, rate of CR,
and DOR determined by investigator assessment using
IWC guidelines for NHL in nodal disease and Response
Evaluation Criteria in Solid Tumors for skin or visceral
lesions [17,18]. Responses in both studies were
assessed every two cycles; patients in CR were
assessed every three cycles in the NCI study. Patients
in the NCI study who discontinued therapy for reasons
other than progressive disease (PD) or AE could restart
therapy if disease recurred; response durations were

censored at the time of first disease recurrence [19].
PFS and OS were prospectively determined only in the
pivotal trial. AE severity was graded using the NCI
Common Terminology Criteria for Adverse Events, ver-
sion 3.0 in the pivotal trial and 2.0 in the NCI trial.
In the NCI trial, all abnormalities were reported as AEs
regardless of clinical significance.

Statistical analyses

The median follow-up was 22.3 months in the pivotal
trial and 67.5 months in the NCI trial. Time-to-event
data in both studies were summarized by
Kaplan–Meier methods. The regression-growth models
were based on the assumption that change in tumor
quantity during therapy results from two independent
component processes: an exponential decrease/regres-
sion (d) and an exponential growth/regrowth of the
tumor (g) [20,21]. The model for this is f(t)¼ exp
(�d� t)þ exp(g� t) – 1, where f(t) is the tumor quan-
tity (sum of the products of perpendicular lymph node
diameters) at time t in days, normalized to the starting
level at day 0. For data showing continuous decrease
from the start of treatment, g is eliminated and the
model simplified to f(t)¼exp(g�t). We modeled each
data set for which >2 data points were available
where the ratio of tumor quantity differed by �20%.
Analysis and output were generated using Base SAS
and SAS/STAT software, version 9.1.3 or 9.3 of the SAS
System for Windows (SAS Institute Inc., Cary, NC) [22].

Results

Patients

In the pivotal trial, 71 of 131 patients (54.2%) were
�60 years old; in the NCI trial, 23 of 47 patients
(48.9%) were �60 years old. Baseline characteristics of
the older and younger patient populations were gen-
erally similar within each trial (Table 1). In the pivotal
study, older patients tended to have higher Eastern
Cooperative Oncology Group (ECOG) performance sta-
tus and younger patients had PTCL for a longer dur-
ation and were more likely to have received prior
transplant. The distribution of PTCL subtypes varied by
age in both studies.

Efficacy

Response rates and DOR were similar between older
and younger patient populations within each trial
(Table 2, Supplemental Figure 1). In both trials, median
times to first response were <60 days in both the
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older and younger populations. The median DOR in
the pivotal trial was not evaluable (NE) in the older or
younger patient population at this data cut (p¼ .99),
with the longest response ongoing at 56 months in a
61-year-old woman with angioimmunoblastic T-cell
lymphoma (AITL). In the NCI trial, the median DOR was
5 months and 12 months for the older and younger
patient populations, respectively (p¼ .55), with the
longest response ongoing at 76 months in a 50-year-
old woman with CD30þ lymphoma.

Of the 10 patients �60 years old who achieved
CR/CRu in the pivotal trial, six had a DOR of �12

months (Supplemental Figure 2). Of the three patients
�60 years old who achieved CR in the NCI trial, one
had a DOR of �12 months (55 months). Of 13 total
patients �60 years old who achieved a CR in both tri-
als, only one relapsed while on romidepsin treatment
within <12 months.

Most evaluable patients in both trials had an overall
decrease in nodal disease. Older patients were not
clustered toward one end of the waterfall plot but
were dispersed throughout (Figure 1). A kinetic ana-
lysis was performed using the computed tomography
(CT) measurements to compare response in older and

Table 1. Patient demographics and characteristics.
Pivotal triala NCI trial

�60 years old (n¼ 71) <60 years old (n¼ 59) p �60 years old (n¼ 23) <60 years old (n¼ 24) p

Age, median (range), years 67 (60–83) 50 (20–59) NA 68 (61–84) 51 (27–59) NA
Male, n (%) 49 (69) 39 (66) .72 14 (61) 11 (46) .39
ECOG performance status, n (%)b .02 .92

0 21 (30) 25 (42) 9 (39) 9 (38)
1 44 (62) 22 (37) 11 (48) 13 (54)
2 6 (9) 11 (19) 3 (13) 2 (8)
Missing 0 1 (2) 0 0

No. prior therapies, median (range) 2 (1–8) 2 (1–8) .17 3 (1–7) 2 (1–6) .27
Type of prior therapy, n (%)

Chemotherapy 70 (99) 59 (100) 1.00 23 (100) 24 (100) NA
Monoclonal antibody therapy 8 (11) 12 (20) .22 1 (4) 1 (4) 1.00
Other immunotherapy 6 (9) 8 (14) .40 1 (4) 2 (8) 1.00
Other 3 (4) 1 (2) – 1 (4) 3 (33) –

Prior stem cell transplant, n (%) 7 (10) 14 (24) .05 8 (35) 11 (46) .56
Prior radiation therapy, n (%) 15 (21) 16 (27) .54 11 (48) 8 (33) .38
Duration of PTCL, median (range), years 1.3 (0.1–6.4) 1.3 (0.1–17.0) .04 1.4 (0.4–15.1) 1.8 (0.2–17) .70
PTCL subtype, n (%)b .02 .01

PTCL-NOS 40 (56) 29 (49) 13 (57) 14 (58)
AITL 19 (27) 8 (14) 5 (22) 2 (8)
ALK-negative ALCL 9 (13) 12 (20) 4 (17) 0
Other 3 (4) 10 (17) 1 (4) 8 (33)

ALCL: anaplastic large cell lymphoma; ALK: anaplastic lymphoma kinase; AITL: angioimmunoblastic T-cell lymphoma; ECOG: Eastern Cooperative Oncology
Group; NA: not applicable; NCI: National Cancer Institute; NOS: not otherwise specified; PTCL: peripheral T-cell lymphoma.
aPTCL histologically confirmed by central pathology review. One patient <60 years old diagnosed with diffuse large B-cell lymphoma was excluded from
the efficacy assessment.
bPercentages may not sum to 100 due to rounding.

Table 2. Response rates.
Pivotal trialb NCI trialc

Best response categorya �60 years old (n¼ 71) <60 years old (n¼ 59) p �60 years old (n¼ 22) <60 years old (n¼ 23) p

ORR, n (%) 18 (25) 16 (27) .82 7 (32) 10 (43) .42
CRd 10 (14) 10 (17) .65 3 (14) 5 (22) .47
PR 8 (11) 6 (10) – 4 (18) 5 (22) –

SD, n (%) 22 (31) 10 (17) – 2 (9) 3 (13) –

Time to response, median (range), days
Time to first response 56 (49–162) 56 (43–126) .59 58 (48–135) 58 (45–345) .65
Time to CRd 109 (49–281) 104 (50–185) 1.00 56 (48–1246) 233 (56–345) .65

Duration of response, median (range), months
All responders NE (<1e–56þ) NE (<1e–46þ) .99f 5 (3–55þ) 12 (2–76þ) .55f

Patients with CRd NE (<1e–56þ) NE (2–46þ) 1.00f NE (3–55þ) 74 (9–76þ) .46f

CR: complete response; NCI: National Cancer Institute; NE: not evaluable; ORR: objective response rate; PR: partial response; SD: stable disease.
aResponse rates in the pivotal trial were assessed by independent review; response rates in the NCI trial were investigator assessed.
bPTCL histologically confirmed by central pathology review. One patient <60 years old diagnosed with diffuse large B-cell lymphoma was excluded from
the efficacy assessment.

cOne patient was discovered to be ineligible for enrollment after receiving first dose; one patient was reclassified as having diffuse large B-cell
lymphoma.
dIncludes patients with confirmed and unconfirmed CR in the pivotal trial.
ePatient elected to undergo stem cell transplant following the first response assessment of CR.
fLog-rank test.
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Figure 1. Waterfall plots for best response in the (A) pivotal and (B) National Cancer Institute (NCI) trials. Blue bars represent
younger patients and red bars represent older patients. For the pivotal trial, nodal responses are shown, while in the NCI trial, the
composite responses including both nodal and non-nodal disease are shown. Hash marks indicate breaks in the y-axis. Patients
with complete response have been normalized to �100%. It is evident that patients aged �60 can be found at both ends of the
spectrum.

Figure 2. Kinetic analysis for patients aged <60 and �60 years in the pivotal trial. Lymph node measurements obtained at base-
line and restaging were summed at each time point and then equations were applied [20] to determine growth and regression
rate constants (g and d, respectively). (A) A patient with first regression and then progression, where both g and d could be deter-
mined. (B) A patient in whom only d, regression rate, could be determined. (C) A patient in whom only g, growth rate, could be
determined. (D) Data are summarized in this panel. (E) Calculated rates of d, tumor shrinkage, and g, growth, are shown in box
plots. As shown, there was no statistical difference between the two age groups. IQR: interquartile range.
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younger patients (Figure 2). This kinetic analysis pro-
vides rates of both tumor regression and growth
(d and g, respectively) by devolving the curves
obtained from CT measurements into these two com-
ponents [20] and offers another approach to examin-
ing the activity of a therapeutic agent [21]. Three
examples of tumor growth patterns were observed
(Figure 2(A–C)). When rates of regression and growth
(d and g, respectively) were calculated, no difference
was found for older vs younger patients (Figure
2(D,E)). Together, these results suggest no inherent dif-
ferences between the lymphomas and responses to
romidepsin in the older and younger populations.

Survival

In the pivotal trial, the median PFS was 4.6 months in
the older population and 3.7 months in the younger
population (p¼ .92; Supplemental Figure 1E). The
median OS was 11.8 months in both the older and
younger populations (p¼ .98; Supplemental Figure 1F).
Survival data were not prospectively collected in the
NCI trial.

Safety

The AE profiles with romidepsin treatment were similar
between the older and younger populations within
each trial; the rates of any AE (p¼ .38 and p¼ 1.00,
respectively) or any grade �3 AE (p¼ .46 and p¼ .42,
respectively) were not statistically different in the piv-
otal and NCI trials. The most common AEs were
gastrointestinal, hematologic, or infectious in origin
(Supplemental Table 1). The most common grade �3
AEs were hematologic abnormalities (thrombocyto-
penia, neutropenia, leukopenia, and anemia) or infec-
tions of any kind (Table 3). No individual infection
type occurred in �10% of patients, and most infec-
tions reported with romidepsin were not drug related
[11]. There were no clinically meaningful changes in

median hemoglobin, neutrophils, leukocytes, or plate-
lets across multiple treatment cycles in the younger or
older populations (Supplemental Figure 3). For the
majority of both older and younger patients in the piv-
otal trial, platelet count initially declined and then
recovered between each treatment cycle. Due to dif-
ferences in protocol requirements, AEs were reported
more frequently in the NCI trial.

Patient disposition and deaths

Older patients experienced similar dose reductions
and number of cycles received compared with the
younger population within each trial (Supplemental
Table 2). In the pivotal trial, five of eight deaths within
30 days of the last romidepsin dose were in patients
who were �60 years old (PD in two patients and
related to infection in three patients). Death was pos-
sibly related to treatment in one patient, a 77-year-old
man with stage IV PTCL-not otherwise specified (NOS).
He received two doses of romidepsin prior to with-
drawing consent and died of sepsis leading to multior-
gan failure �3 weeks after his last dose. In the NCI
trial, five of seven deaths within 30 days of last romi-
depsin dose were in patients who were �60 years old
(PD in four patients and sudden/unexpected death in
one patient). The patient who died suddenly was a 71-
year-old man with a history of extensive atheroscler-
otic disease. He experienced CR with romidepsin but
died in his sleep three days after the second dose of
the fifth treatment cycle.

Discussion

Romidepsin is an effective agent in the treatment of
relapsed/refractory PTCL. The data presented herein
demonstrate its efficacy and safety in older patients.
No safety signal was observed for cardiac effects in
patients aged �60 years despite the known age-
related increase in underlying disease. The cardiac

Table 3. Grade �3 adverse events.
Pivotal trial NCI trialb

Adverse eventa n (%) �60 years old (n¼ 72) <60 years old (n¼ 59) �60 years old (n¼ 23) <60 years old (n¼ 24)

Thrombocytopenia 15 (21) 17 (29) 8 (35) 10 (42)
Neutropenia 13 (18) 13 (22) 12 (52) 10 (42)
Infections (all types pooled) 15 (21) 11 (19) 8 (35) 7 (29)
Anemia 6 (8) 8 (14) 4 (17) 9 (38)
Asthenia/fatigue 8 (11) 3 (5) 3 (13) 5 (21)
Leukopenia 4 (6) 4 (7) 11 (48) 11 (46)
Pyrexia 7 (10) 1 (2) 2 (9) 3 (13)
Vomiting 2 (3) 4 (7) 3 (13) 2 (8)

NCI: National Cancer Institute.
aReported in �5% of patients in the pivotal trial.
bReported all abnormalities as adverse events regardless of clinical significance.
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effects of romidepsin have been carefully studied,
demonstrating that clinically insignificant changes in
QTc were likely exaggerated by transient increases in
heart rate and concomitant administration of
QT-prolonging antiemetics [11,12,23–27]. Exclusions for
significant cardiac disease were put into place in the
clinical trials along with monitoring of potassium and
magnesium levels; no further cardiac safety concerns
were raised once these precautions were instituted.

In contrast to bone marrow toxicity, which can be
dose limiting with conventional chemotherapies,
thrombocytopenia associated with HDAC inhibitors is
not cumulative and does not appear to result from
cytotoxicity to bone marrow progenitors but has been
related to decreased platelet release from megakaryo-
cytes [28]. The analysis in Supplemental Figure 3 dem-
onstrated an impact of romidepsin on platelet count
consistent with that mechanism and underscored the
absence of cumulative hematologic toxicity. It should
be noted that inclusion criteria for both the pivotal
and NCI trials specified an ECOG performance status
�2. Therefore, this analysis did not capture elderly (or
young) patients with a relatively poorer performance
status (�3), nor did it include the potential impact of
specific comorbidities.

Our analysis showing no differences in response
kinetics in the older vs younger population suggests
that the impact of age on treatment outcomes in
PTCL was unlikely to be due to differences in disease
biology but rather due to approaches to overall man-
agement and poor treatment tolerance by older
patients in previous trials. Although predictive bio-
markers of response to romidepsin are not yet avail-
able, these data also suggest that future identification
of such biomarkers would equally benefit both older
and younger patients.

The more difficult question for patients �60 years is
what to do in those who have experienced a deep PR
or a CR and are not candidates for stem cell trans-
plant. In the pivotal trial, due to prolonged responses
in some patients, the protocol was amended to allow
for (but not mandate) maintenance dosing at twice
per cycle for patients treated for �12 cycles and once
per cycle for patients who had received two doses per
cycle for �6 cycles through at least cycle 24 [12].
A recent assessment of patients with AITL from the
pivotal study showed that all five of the patients with
responses �12 months received maintenance dosing,
and the patient with the longest response ongoing at
56þ months had been receiving once-per-cycle dosing
since cycle 23 [14]. However, there have been no con-
trolled trials to formally assess whether romidepsin
should be administered on a maintenance schedule,

discontinued and restarted at PD, or some hybrid of
these. Understanding the molecular biology that leads
to responses and developing sensitive methodology
for minimal residual disease monitoring could help in
answering these questions.

Together, the results presented herein support the
use of romidepsin in patients �60 years old, suggest-
ing that safety and efficacy are not significantly
impacted by patient age. Given that the median age
at diagnosis of PTCL is 62 years, and that advanced
age is a negative prognostic factor for survival in
patients with PTCL, further studies should focus on
optimizing the use of romidepsin as a single agent or
in combination regimens in older patients.
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