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Key Points

• Darinaparsin
demonstrated clinically
meaningful efficacy
(ORR: 19.3%) in
patients with relapsed
or refractory PTCL.

• Darinaparsin was well
tolerated, and safety
was clinically
acceptable and
manageable.
v-2022-008615-m
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Darinaparsin is a novel organic arsenical compound of dimethylated arsenic conjugated to

glutathione, with antitumor activity and a mechanism of action markedly different from

other available agents. This phase 2, nonrandomized, single-arm, open-label study

evaluated the efficacy and safety of intravenous darinaparsin (300 mg/m2 over 1 hour, once

daily for 5 consecutive days, per 21-day cycle) and its pharmacokinetics at multiple doses in

65 Asian patients with relapsed or refractory peripheral T-cell lymphoma (PTCL). The

primary end point was the overall response rate (ORR). The ORR based on central

assessment was 19.3% (90% confidence interval, 11.2-29.9), which was significantly higher

than the predefined threshold of 10% (P = .024). The ORR was 16.2% in patients with

PTCL–not otherwise specified and 29.4% in patients with angioimmunoblastic T-cell

lymphoma. Tumor size decreased in 62.3% of patients. Treatment-emergent adverse events

(TEAEs) were observed in 98.5% of patients. Grade ≥3 TEAEs with an incidence rate of ≥5%
included anemia (15.4%), thrombocytopenia (13.8%), neutropenia (12.3%), leukopenia

(9.2%), lymphopenia (9.2%), and hypertension (6.2%). Darinaparsin is effective and well

tolerated, with TEAEs that were clinically acceptable and manageable with symptomatic

treatment and dose reductions. This trial was registered at www.clinicaltrials.gov as

#NCT02653976.
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Introduction

Peripheral T-cell lymphoma (PTCL) is an aggressive, heterogeneous, and relatively rare type of non-
Hodgkin lymphoma (NHL); it is rapidly progressive and associated with poor outcomes, with 5-year
overall survival (OS) rates of between 20% and 30%.1-4 In Asia, PTCL accounts for between 15%
and 20% of all lymphomas,4 with extranodal natural killer (NK)/T-cell lymphoma (28.6%) being the most
prevalent subtype, according to the International Cooperative Non-Hodgkin T-cell Lymphoma Pro-
spective Registry.5 Other predominant subtypes in Asian populations include angioimmunoblastic T-cell
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lymphoma (AITL, 24.7%), PTCL–not otherwise specified
(PTCL-NOS, 20.8%), anaplastic lymphoma kinase (ALK)-positive
anaplastic large cell lymphoma (ALCL, 6.9%), and ALK-negative
ALCL (6.2%),5 which are all categorized as nodal PTCLs.1

Current first-line treatment strategies for T-cell lymphomas like
anthracycline-containing combination chemotherapy are consid-
ered to have insufficient efficacy.1,3 Furthermore, because of a lack
of effective salvage therapy for relapsed or refractory disease, the
prognosis remains very poor.1 A retrospective review of clinical
outcomes in patients with relapsed or refractory PTCL found no
difference between single-agent or multi-agent salvage regimens.6

Moreover, patients with relapsed or refractory PTCL receiving
combination chemotherapy (who had previously received 1 sys-
temic therapy) were more likely to experience grade 3 or 4 adverse
events (AEs) than patients receiving single-agent chemotherapy as
the first retreatment.7 Therefore, there is a growing need to develop
a novel therapeutic agent with good safety and tolerability as a new
therapeutic option for patients with relapsed or refractory PTCL.

Darinaparsin is a novel organic arsenical compound consisting of
dimethylated arsenic conjugated to glutathione that exhibits anti-
tumor activity and a unique mechanism of action.8 It is processed at
the tumor cell surface by g-glutamyltranspeptidase, leading to for-
mation of dimethylarsinocysteine, which is imported via importing
systems such as the cystine/cysteine transporter, which is highly
expressed on tumor cell surface membranes. These mechanisms
partially explain the selective toxicity of darinaparsin to cancer
cells.9 Darinaparsin has also been shown to have intracellular
effects on cell cycle arrest at the G2/M phase and apoptosis by
disrupting mitochondrial functions in tumor cells by lowering
membrane potential and increasing reactive oxygen species
production.8,9

This study aimed to evaluate the efficacy and safety of darinaparsin
monotherapy and its pharmacokinetics (PK) at multiple dosages, in
patients with relapsed or refractory PTCL (www.clinicaltrials.gov as
#NCT02653976).

Methods

Study design

This was a phase 2, multinational, nonrandomized, single-arm,
open-label trial conducted in Asian countries (Japan, Korea,
Taiwan, and Hong Kong) to evaluate the efficacy and safety of
darinaparsin monotherapy in patients with relapsed or refractory
PTCL. It was conducted at 25 investigational sites (13 in Japan,
6 in Korea, 5 in Taiwan, and 1 in Hong Kong). All patients signed
and dated a written informed consent form at the first screening
visit. This study was approved by an ethics committee, and adhered
to the principles of the Helsinki Declaration for Good Clinical
Practice and its subsequent amendments.

Patient inclusion and exclusion criteria

Only patients with nodal PTCLs were included, whereas those with
extranodal PTCLs were excluded. This is because nodal PTCLs are
a relatively homogeneous group of PTCLs, but little is known about
extranodal PTCLs. Furthermore, the biological and clinical behav-
iors of nodal PTCLs differ significantly from extranodal types, which
have a more cytotoxic T-cell phenotype.10,11
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The study included all male and female patients aged ≥20 years
with ethnic backgrounds from each participating country; a histo-
pathologically confirmed diagnosis of PTCL-NOS, AITL, or ALCL
(ALK positive/negative); a treatment history of ≥1 regimen of
antitumor agents; and an enlarged lymph node or extranodal mass
lesion measurable on computed tomography (CT).

PTCLs were histopathologically diagnosed by the central patho-
logical review committee according to the 2008 World Health
Organization classification. Patients were excluded if they had
major organ dysfunction, baseline QT prolongation (QTcF
≥ 450 ms), or previous treatments with chemotherapy and radia-
tion within 3 weeks before study enrolment, antibody therapy,
autologous hematopoietic stem cell transplantation within
12 weeks before study enrolment, or allogeneic hematopoietic
stem cell transplantation. Patients with concurrent, or a history of,
central nervous system disease, cerebrovascular disorder, or psy-
chiatric disorder were excluded.

Treatment

Patients were administered darinaparsin 300 mg/m2 intravenously
over 1 hour once daily for 5 consecutive days (days 1-5) per
21-day cycle (3-week cycle), which consisted of 5-day therapy
followed by a 16-day rest. This dose was selected based on the
phase 1 studies conducted in Japan and Korea.12 Administration
through the central vein was recommended. The treatment was
given for 6 cycles, but it was continued beyond the treatment
period upon the patient’s request and if the investigators judged
that continuing treatment was possible and necessary.

Throughout the study period, drugs given for other medical reasons
were continued, except for other anticancer chemotherapies or
immunotherapies, continuous oral administration or injection of
corticosteroids (prednisolone) of >10 mg per day, radiotherapy,
hematopoietic stem cell transplants, gene therapy, or major
surgery. Antiemetic, antimicrobial, antiviral, or antifungal drugs and
gargles for opportunistic infections were also allowed.

Efficacy and safety assessment

The primary end point was the overall response rate (ORR)
(complete response [CR] plus partial response [PR]) during
6 cycles of treatment, as assessed centrally by the Efficacy and
Safety Review Committee. Based on CT and fluorodeoxyglucose-
positron emission tomography (FDG-PET) findings, tumor
response was assessed according to the Revised Response
Criteria for Malignant Lymphoma developed in 2007.13 Before
study initiation, the FDG-PET/CT imaging devices that would be
used throughout the study were specified. An individual patient had
a battery of imaging examinations using the same device. For the
specified FDG-PET/CT imaging devices, phantom tests were
conducted in compliance with the Quantitative Imaging Biomarkers
Alliance profile at all investigational sites for standardization among
FDG-PET/CT scanners in advance.14 The tumor response by local
assessment at each investigational site over the treatment period
was determined as the second evaluation result. The disease
control rate (DCR), defined as the proportion of patients who
achieved CR, PR, or stable disease (SD), was also evaluated both
centrally and locally. Other secondary efficacy end points included
progression-free survival (PFS), time to response (TTR), duration of
12 SEPTEMBER 2023 • VOLUME 7, NUMBER 17
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Table 1. Patient demographics and baseline characteristics

Characteristic N = 65

Race, n (%)

Asian 65 (100.0)

Sex, n (%)

Male 45 (69.2)

Female 20 (30.8)

Age, y

Median 68.0

Range 28-85

Mean ± SD 66.4 ± 11.1

<65, n (%) 25 (38.5)

≥65, n (%) 40 (61.5)

ECOG performance status, n (%)

0 36 (55.4)

1 25 (38.5)

2 4 (6.2)

PTCL subtype by central review, n (%)

PTCL-NOS 43 (66.2)

AITL 17 (26.2)

ALCL-ALK positive 0

ALCL-ALK negative 3 (4.6)

Clinical stage by Ann Arbor classification, n (%)

Stage I 2 (3.1)

Stage II 5 (7.7)

Stage III 30 (46.2)

Stage IV 28 (43.1)

Number of previous chemotherapy regimens

Median 2.0

Range 1-11

Mean ± SD 2.4 ± 1.8

Relapsed/refractory status, n (%)

Relapsed 39 (60.0)

Refractory 21 (32.3)

Unknown/unable to assess 5 (7.7)

Previous hematopoietic stem cell transplant, n (%)

No 57 (87.7)

Yes 8 (12.3)

Previous radiation therapy, n (%)

No 58 (89.2)

Yes 7 (10.8)

ECOG, Eastern Cooperative Oncology Group; SD, standard deviation.
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response (DOR) based on local assessment, and OS up to 2 years
from the day darinaparsin was first administered.

Safety assessments included physical examinations, vital signs,
electrocardiograms (ECGs), laboratory parameters, and treatment-
emergent AE (TEAE) monitoring. TEAE severity was evaluated
according to the National Cancer Institute–Common Terminology
Criteria for Adverse Events (NCI-CTCAE), version 4.0.

PK assessments

Blood samples were collected for PK analysis at 0, 1, 2, 4, 6, and
8 hours on day 1; 0 hours on days 2, 3, and 4; 0, 1, 2, 4, 6, and
8 hours on day 5; and 0 hours on days 6, 8, and 15 of cycle 1. Urine
samples were collected for PK analysis between 0 and 4 hour and
between 4 and 24 hours on days 1 and 5 of cycle 1. The arsenic
concentrations in plasma and urine were measured as surrogate
markers for darinaparsin using the inductively coupled plasma mass
spectrometry (ICP/MS) method. Liquid chromatography inductively
coupled plasma mass spectrometry (LC-ICP/MS) and liquid chro-
matography tandem mass spectrometry (LC-MS/MS) were used to
detect and identify darinaparsin and its metabolites in plasma at 1, 2,
and 4 hours and in urine between 0 and 4 hours and between 4 and
24 hours from the start of infusion on day 5.

Statistical analysis

With an expected ORR of 25%, 55 evaluable patients would have
90% statistical power at a 1-sided alpha error of 0.05 to demon-
strate a threshold ORR of 10%. The planned sample size was 65
patients, taking into account exclusions based on central patho-
logical diagnosis. The efficacy analysis set consisted of enrolled
patients who met the eligibility criteria and had at least 1 tumor
response assessment after darinaparsin administration. Time-to-
event end points were calculated using the Kaplan-Meier
method. The safety analysis set consisted of patients who
received ≥1 doses of darinaparsin. The incidence of TEAEs was
summarized by system organ class, preferred term, and severity
according to the Medical Dictionary for Regulatory Activities
(MedDRA), version 23.0. Psychiatric disorders, neurological dis-
orders, abnormal liver function, and abnormal ECGs were identified
as AEs of special interest. The PK analysis set consisted of all
patients who received ≥1 doses of darinaparsin and had ≥1 data
points of plasma or urine drug concentration.

Results

Patients

In total, 65 patients (37, 19, 8, and 1 patient from Japan, Korea,
Taiwan, and Hong Kong, respectively) were treated with darina-
parsin. The demographic and baseline characteristics of these
patients are shown in Table 1. PTCL-NOS (66.2%, n = 43) was the
most prevalent PTCL subtype, followed by AITL (26.2%, n = 17)
and ALCL-ALK-negative (4.6%, n = 3), with no ALCL-ALK-positive
subtype in the study patient population. According to the Ann
Arbor staging classification, 46.2% (n = 30) of patients were in
stage III and 43.1% (n = 28) were in stage 4. The median number
of prior therapy regimens was 2.0 (range: 1-11), with no evidence
of response to the most recent therapy in 16 patients.

Of the 65 patients, 58.5% (n = 38) received ≥3 cycles, 27.7%
(n = 18) received ≥6 cycles of treatment with darinaparsin, and
12 SEPTEMBER 2023 • VOLUME 7, NUMBER 17
13.8% (n = 9) continued treatment after cycle 6. The median
number of cycles was 3.0 (range, 1-39), and the mean ± standard
deviation was 5.0 ± 7.4.

Efficacy outcomes

The efficacy analysis set consisted of 57 patients. Moreover, 8 of
the 65 patients treated with darinaparsin were excluded from the
DARINAPARSIN FOR PTCL: AN ASIAN PHASE 2 STUDY 4905



Table 2. Summary of tumor response in the efficacy analysis set (n = 57)

N

Overall response rate Disease control rate (≥SD)

Central assessment Local assessment Central assessment Local assessment

Response, n (%) 57 11 (19.3)* 15 (26.3)† 26 (45.6) 31 (54.4)

90% CI 11.2-29.9 17.0-37.6 34.3-57.3 42.7-65.7

CR: 5 (8.8), PR: 6 (10.5) CR: 4 (7.0), PR: 11 (19.3)

Subgroup analysis, n (%)

PTCL subtype by central review

PTCL-NOS 37 6 (16.2) 11 (29.7) 18 (48.6) 20 (54.1)

AITL 17 5 (29.4) 4 (23.5) 8 (47.1) 11 (64.7)

ALCL, ALK negative 3 0 0 0 0

Clinical stage

Stage I 1 0 0 0 0

Stage II 5 2 (40.0) 3 (60.0) 4 (80.0) 5 (100.0)

Stage III 28 5 (17.9) 8 (28.6) 14 (50.0) 17 (60.7)

Stage IV 23 4 (17.4) 4 (17.4) 8 (34.8) 9 (39.1)

Relapsed/refractory status

Relapsed 37 7 (18.9) 11 (29.7) 18 (48.6) 20 (54.1)

Refractory 16 4 (25.0) 4 (25.0) 7 (43.8) 10 (62.5)

Sex

Male 39 7 (17.9) 9 (23.1) 16 (41.0) 21 (53.8)

Female 18 4 (22.2) 6 (33.3) 10 (55.6) 10 (55.6)

Age, y

<65 18 3 (16.7) 4 (22.2) 9 (50.0) 11 (61.1)

≥65 39 8 (20.5) 11 (28.2) 17 (43.6) 20 (51.3)

DCR is defined as the proportion of patients who achieved CR, PR, or SD.
DCR, disease control rate; SD, stable disease.
*P = .024.
†P < .001.
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Figure 1. Maximum change from baseline tumor size (waterfall plot). A

waterfall plot showing the maximum target lesion shrinkage demonstrated that the

tumor size decreased in 62.3% (33/53) of patients.
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efficacy analysis set, with 2 patients having a central pathological
diagnosis other than PTCL, 5 not having any postbaseline tumor
response assessment, and 1 patient not meeting the inclusion
criteria. The ORR based on central assessment was 19.3% (90%
confidence interval [CI], 11.2-29.9; n = 11), which was significantly
higher than the predefined ORR threshold of 10% (P = .024,
binomial test). Furthermore, 5 of the 11 responders achieved a CR
(8.8%), and 6 had a PR (10.5%). SD was observed in 26.3% of
patients (n = 15), and the DCR was 45.6% (90% CI, 34.3-57.3;
n = 26) (Table 2).

In 37 patients with PTCL-NOS, the ORR was 16.2% (90% CI, 7.3-
29.5; n = 6), whereas it was 29.4% (90% CI, 12.4-52.2; n = 5) in
17 patients with AITL. There was no specific difference in patients’
baseline characteristics that may have accounted for this encour-
aging tumor response in patients with AITL. The response rate was
18.9% (90% CI, 9.2-32.6; n = 7) in 37 patients who responded to
the most recent therapy (CR or PR) and 25.0% (90% CI, 9.0-48.4;
n = 4) in the 16 patients who did not (SD or progressive disease).
There was no clear correlation between number of previous ther-
apies and tumor response.

A waterfall plot showing the maximum target lesion shrinkage is
shown in Figure 1. Furthermore, 62.3% (33/53) of patients had
reduced tumor size.
4906 KIM et al
The ORR based on the local assessment was 26.3% (90% CI,
17.0-37.6; n = 15), and 4 of the 15 responders achieved CR
(7.0%), whereas 11 had PR (19.3%). SD was observed in 28.1%
(n = 16) of patients, and the DCR was 54.4% (90% CI, 42.7-65.7;
n = 31). Based on local assessment, the median TTR was
2.0 months (90% CI, 1.9-2.2); 12 of the 15 responders showed
response by cycle 3. The median DOR was 5.2 months (90% CI,
12 SEPTEMBER 2023 • VOLUME 7, NUMBER 17
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Figure 2. Long-term response (swimmer plot). The swimmer

plot demonstrates the long-term response after darinaparsin

administration.
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2.7-12.6). Overall, 13.8% (n = 9) of patients continued the treat-
ment after cycle 6, with 4 patients opting to continue treatment for
>10 cycles. The patient who had the longest treatment course
received 39 cycles over the course of 41 months with a continuing
response. A swimmer plot of long-term response is shown in
Figure 2.

After a median follow-up of 14.1 months, the median PFS based on
local assessment was 3.3 months (90% CI, 1.9-4.2). In patients
with PTCL-NOS, the median PFS was 3.3 months (90% CI,
1.9-5.7), whereas it was 4.0 months (90% CI, 1.9-4.2) in patients
with AITL. The median OS was 17.4 months (90% CI, 10.3-23.3).
In patients with PTCL-NOS, the median OS was 18.3 months
(90% CI lower limit, 9.6), whereas it was 13.7 months (90% CI,
7.1-17.6) in patients with AITL. The Kaplan-Meier curves of PFS
and OS are shown in Figure 3A and Figure 3B, respectively.

Safety outcomes

The safety analysis set consisted of 65 patients who had received
≥1 doses of darinaparsin. TEAEs were observed in 98.5% (n = 64)
of the patients. Drug-related TEAEs, which are defined as TEAEs
with at least a reasonable causal relationship to darinaparsin, were
reported in 69.2% (n = 45) of patients.

The TEAEs with an incidence rate of ≥5% are shown in Table 3.

The grade ≥3 hematological TEAEs included anemia (15.4%,
n = 10), thrombocytopenia (13.8%, n = 9), neutropenia (12.3%,
n = 8), leukopenia (9.2%, n = 6), and lymphopenia (9.2%, n = 6).
The sole nonhematological TEAE of grade ≥3 with an incidence
rate of ≥5% was hypertension (6.2%, n = 4).

The AEs of special interest were psychiatric and neurological dis-
orders, abnormal hepatic function, and QT prolongation. The inci-
dence rate of psychiatric and neurological disorders was 21.5%
(n = 14) and 40.0% (n = 26), respectively. Psychiatric disorders
12 SEPTEMBER 2023 • VOLUME 7, NUMBER 17
with an incidence ≥5% included delirium (12.3%, n = 8), and
insomnia (6.2%, n = 4). Neurological disorders with an incidence
≥5% included dizziness (7.7%, n = 5), headache (7.7%, n = 5),
peripheral sensory neuropathy (7.7%, n = 5), and dysgeusia (6.2%,
n = 4). Abnormal liver function with an incidence ≥5% included
increased aspartate aminotransferase (18.5%, n = 12) and
increased alanine aminotransferase (15.4%, n = 10). The inci-
dence rate of QT prolongation was 3.2% (n = 2).

The drug-related TEAEs that led to study discontinuation included
peripheral neuropathy (grade 2, n = 1), cerebral infarction (grade 2,
n = 1), leukopenia (grade 3, n = 1), vertigo (grade 3, n = 1), rash
(grade 3, n = 1), pyrexia (grade 3, n = 1), and myocarditis (grade 1,
n = 1).

The incidence rate of serious AEs (SAEs) was 46.2% (n = 30),
whereas that of drug-related SAEs was 10.8% (n = 7). The drug-
related SAEs were pyrexia (grade 1, n = 1; grade 3, n = 1),
hypothermia (grade 5, n = 1), pneumonia (grade 3, n = 1), septic
shock (grade 3, n = 1), sinusitis (grade 3, n = 1), dehydration
(grade 3, n = 1), confusion (grade 3, n = 1), vertigo (grade 3,
n = 1), fatigue (grade 3, n = 1), herpes zoster (grade 2, n = 1),
Enterobacter infection (grade 2, n = 1), cerebral infarction (grade
2, n = 1), and abdominal pain (grade 2, n = 1). Fatal SAEs were
reported in 9.2% (n = 6) of patients; they were owing to disease
progression (n = 2), hemophagocytic lymphohistiocytosis (n = 1),
tumor lysis syndrome (n = 1), hypothermia (n = 1), and multiple
organ dysfunction syndrome (n = 1). However, the sole incident
linked to the investigational drug was hypothermia. Hypothermia
was also reported in a patient with PTCL-NOS diagnosed with
sepsis on day 5 in cycle 1. The blood culture from the implantable
subcutaneous infusion port showed Candida albicans. Fifteen days
after starting darinaparsin, the patient developed bradycardia fol-
lowed by cardiac arrest. Cardiopulmonary resuscitation was not
initiated because the patient had signed a do-not-resuscitate form.
DARINAPARSIN FOR PTCL: AN ASIAN PHASE 2 STUDY 4907



0

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44

10

20

30

40

50

60

70

80

90
Median PFS: 3.3 months (N = 57)
(90% CI 1.9 - 4.2 months)

Pr
og

re
ss

ion
-fr

ee
 su

rv
iva

l (
%

)

Time (months)

100

A

Median OS: 17.4 months (N = 57)
(90% CI 10.3 - 23.3 months)

0

0 2 4 6 8 10 12 14 16 18 20 22 24 26

10

20

30

40

50

60

70

80

90

Ov
er

all
 su

rv
iva

l (
%

)

Time (months)

100

B

Figure 3. Kaplan-Meier curves of PFS and OS. (A) The median

PFS is 3.3 months (90% CI, 1.9-4.2). (B) The median OS is

17.4 months (90% CI, 10.3-23.3).
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PK

PK was analyzed in 44 patients (18 Japanese, 17 Koreans,
8 Taiwanese, and 1 Hong Konger/Chinese). On days 1 and 5,
plasma arsenic concentrations in many patients reached their
maximum, 1 to 2 hours after the start of the infusion, and then
decreased per the first-order kinetics. The trough concentration
after repeated administration increased gradually with the number
of doses, and reached a steady state from days 4 to 5. The mean
plasma arsenic concentration-time profiles on day 1 by ethnic
background are summarized in Figure 4A. The mean plasma trough
arsenic concentration-time profiles on days 2 to 6 by ethnic
background are shown in Figure 4B. The systemic exposure to
darinaparsin was noted to be similar across all ethnic backgrounds.

Overlaps of error bars of Cmax and AUC0₋24 in a high number of
patients suggested that there was no clear difference in efficacy by
exposure to darinaparsin and there was no clear relationship
between adverse drug reactions and darinaparsin exposure. Slight
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accumulation after 5 consecutive days of administration was sug-
gested by slightly higher Cmax and AUC0–24 on day 5 than on day
1. However, on day 15 (240 hours after the final dose), plasma
arsenic concentrations had dropped below the lower limit of
quantification (50.0 ng/mL) in ~80% of patients, which only indi-
cates that the accumulation had no effect on the following cycle.
Arsenic in darinaparsin was excreted into urine between 0 and
24 hours in 40.75% and 67.73% of patients on days 1 and 5,
respectively, suggesting that urine is the primary excretory medium.

Dimethylarsinic acid (DMAv) was the main metabolite in plasma,
accounting for ~90% of the total peak area regardless of blood
collection time. Because unchanged darinaparsin was not detect-
able in plasma, it appears to be metabolized rapidly after adminis-
tration, and all of the arsenic contained in darinaparsin was present
as metabolites in plasma. In addition, unchanged darinaparsin
could not be detected in urine, indicating that the arsenic excreted
into urine was derived from metabolites.
12 SEPTEMBER 2023 • VOLUME 7, NUMBER 17



Table 3. TEAEs with an incidence of ≥5% in safety analysis set (n = 65)

AE

All TEAEs Drug-related TEAEs

All grade n (%) Grade ≥3 n (%) All grade n (%) Grade ≥3 n (%)

Hematologic

Anemia 16 (24.6) 10 (15.4) 8 (12.3) 4 (6.2)

Thrombocytopenia 14 (21.5) 9 (13.8) 8 (12.3) 4 (6.2)

Neutropenia 11 (16.9) 8 (12.3) 8 (12.3) 6 (9.2)

Leukopenia 7 (10.8) 6 (9.2) 3 (4.6) 3 (4.6)

Lymphopenia 7 (10.8) 6 (9.2) 3 (4.6) 2 (3.1)

Nonhematologic

Pyrexia 27 (41.5) 2 (3.1) 10 (15.4) 1 (1.5)

Decreased appetite 13 (20.0) 1 (1.5) 7 (10.8) 0

Aspartate aminotransferase increased 12 (18.5) 2 (3.1) 11 (16.9) 2 (3.1)

Constipation 12 (18.5) 0 3 (4.6) 0

Rash 10 (15.4) 2 (3.1) 3 (4.6) 1 (1.5)

Alanine aminotransferase increased 10 (15.4) 0 10 (15.4) 0

Malaise 9 (13.8) 0 9 (13.8) 0

Delirium 8 (12.3) 2 (3.1) 6 (9.2) 2 (3.1)

Hypokalemia 7 (10.8) 3 (4.6) 2 (3.1) 1 (1.5)

Hypoalbuminemia 7 (10.8) 1 (1.5) 0 0

Vomiting 7 (10.8) 0 4 (6.2) 0

Fatigue 7 (10.8) 2 (3.1) 4 (6.2) 1 (1.5)

Pruritus 7 (10.8) 1 (1.5) 0 0

Diarrhea 6 (9.2) 0 3 (4.6) 0

Upper respiratory tract infection 6 (9.2) 0 2 (3.1) 0

Nasopharyngitis 6 (9.2) 0 0 0

Fall 6 (9.2) 0 0 0

Peripheral sensory neuropathy 5 (7.7) 0 4 (6.2) 0

Hyponatremia 5 (7.7) 3 (4.6) 1 (1.5) 0

Dizziness 5 (7.7) 0 2 (3.1) 0

Headache 5 (7.7) 0 1 (1.5) 0

Nausea 5 (7.7) 0 3 (4.6) 0

Hypertension 4 (6.2) 4 (6.2) 0 0

Hypophosphatemia 4 (6.2) 3 (4.6) 0 0

Pharyngitis 4 (6.2) 2 (3.1) 1 (1.5) 1 (1.5)

Abdominal pain 4 (6.2) 2 (3.1) 1 (1.5) 0

Hyperkalemia 4 (6.2) 2 (3.1) 2 (3.1) 0

Dysgeusia 4 (6.2) 0 4 (6.2) 0

Insomnia 4 (6.2) 0 2 (3.1) 0

Rhinorrhea 4 (6.2) 0 0 0
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Discussion

In Western countries, the effects of darinaparsin in patients with
relapsed or refractory PTCL have already been suggested in phase
2 studies in patients with relapsed or refractory Hodgkin lymphoma
and NHL.15 This current phase 2 study was conducted in Japan,
Korea, Taiwan, and Hong Kong to assess the efficacy, safety, and
PK of darinaparsin monotherapy in patients with relapsed or
refractory PTCL. This is the first phase 2 trial to assess the effects
of darinaparsin specifically in Asian patients with PTCL.
12 SEPTEMBER 2023 • VOLUME 7, NUMBER 17
In the present study, the ORR based on central assessment was
19.3%. In a phase 2 study conducted in the United States, the
ORR of 7 patients with relapsed or refractory PTCL who received
intravenous darinaparsin 300 mg/m2 per day for 5 consecutive
days every 4 weeks was 28.6%.15 Similarly, in this study, although
the ORR was 16.2% in patients with PTCL-NOS, an encouraging
tumor response of 29.4% was demonstrated in those with AITL.

Although several new medications have been approved in recent
years for the treatment of PTCL, no prolongation of survival has
DARINAPARSIN FOR PTCL: AN ASIAN PHASE 2 STUDY 4909
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been observed after treatment with these drugs. Therefore, there
remains an unmet medical need to develop new PTCL therapeutic
options.

Although the ORR in this study was moderate, the DCR based on
central assessment was 45.6%, and approximately half of the
patients achieved tumor shrinkage, implying that darinaparsin slowed
or stabilized disease progression in approximately half of the
patients. The median PFS and OS times were 3.3 and 17.4 months,
respectively. The median PFS times in patients with relapsed or
refractory PTCL treated with pralatrexate,16 romidepsin,17 and beli-
nostat18 were 3.5, 4.0, and 1.6 months, respectively, whereas OS
times for patients treated with pralatrexate16 and belinostat18 were
14.5 and 7.9 months, respectively. The PFS and OS of darinaparsin
were found to be comparable to the existing single-agent chemo-
therapy approved by the United States Food and Drug Administra-
tion. In this study, the median number of previous therapy regimens
was 2.0 (range, 1-11), and an ORR of 25.0% was achieved in
4910 KIM et al
patients who did not respond to the most recent previous therapy
(SD or progressive disease), that is, refractory cases.

The relatively higher incidence rate of PTCL in the Asian region
than in Western countries was 1 reason why this study was per-
formed only in Asian regions. In this study, there was no particular
difference in the safety profiles of darinaparsin from that reported in
prior clinical trials conducted in Western countries and there was
no evidence of any new Asian-specific toxicity.

The incidence of grade ≥3 TEAEs ranged from 1.5% to 15.4%,
and darinaparsin toxicity could be managed with dose modifica-
tions as well as symptomatic treatment, as appropriate. Four
patients had darinaparsin treatment for >10 cycles, with the patient
who had the longest treatment course receiving 39 cycles over
~41 months. Based on the incidence of TEAEs in these patients,
no change in the safety profile was observed with long-term dari-
naparsin treatment, implying that it can be administered for a longer
duration; however, the sample size was small. The good safety
12 SEPTEMBER 2023 • VOLUME 7, NUMBER 17
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profile suggests that darinaparsin has the potential to be used in
combination with other medications in the future.

Because vascular pain at the injection site was noted in 2 of the 4
patients who received transiently infused darinaparsin via a
peripheral line during this study, administration through the central
vein was maintained. Psychiatric and neurological disorders were
characteristic dose-limiting toxicities reported at the higher dose
levels in patients with solid tumors in a phase 1 study in the United
States.19 In this study, the incidence rate of grade 3 drug-related
TEAEs in the system organ class of psychiatric or neurological
disorders was 7.7% (5 patients) including delirium (3.1%), confu-
sion (1.5%), disorientation (1.5%), hallucinations (1.5%), peripheral
neuropathy (1.5%), and cognitive disorder (1.5%). The median and
mean ages of these 5 patients were 76.0 and 71.6 years,
respectively, exceeding those of the general population. Except for
one incidence of delirium that occurred shortly before death from
another TEAE (hypothermia), all psychiatric or neurological events
were resolved by skipping or reducing the darinaparsin dosage.

QT prolongation has frequently been reported after treatment with
arsenic trioxide, which is an inorganic arsenic compound.20 How-
ever, abnormalities in ECG measurements were not frequently
reported in this phase 2 study, which is consistent with the findings
of clinical pharmacological ECG evaluation in 2 phase 1 trials in
Japanese and Korean patients with PTCL.12

Darinaparsin has a novel mechanism that is distinct from other
available agents. Its import route including the cystine/cysteine
transporter, which is highly expressed on tumor cell surface
membranes,8,9 is thought to promote both the antitumor efficacy
and a good safety profile, as shown in this study.

Darinaparsin’s primary target of action is the mitochondria, and it is
likely to induce apoptosis and inhibit tumor cell growth via mito-
chondrial dysfunction and intracellular reactive oxygen species
generation. In vivo studies in darinaparsin-treated severe combined
immunodeficient mice showed a significant inhibition of tumor
growth, followed by improved survival. It has been reported to
decrease inhibitory Src homology 2-containing protein tyrosine
phosphatase (SHP1), resulting in phosphorylation of extracellular
signal-regulated kinase and its downstream substrate. Hence, its
activity is primarily MAPK dependent.21 Because it does not target
any specific antigen or molecule, the effect of this drug is not
limited to any specific tissue.

PTCL is an extremely heterogeneous disease with diverse patho-
logical conditions and patient backgrounds, and there is a high
medical need for expanded treatment options. Under the recent
circumstances in which several drugs have become available for
the treatment of relapsed/refractory PTCL, it is important to select
the most appropriate treatment based on the characteristics of
each drug, in accordance with the condition of each individual
patient. Because of its new mechanism of action and characteristic
efficacy and safety profile, darinaparsin can contribute as a new
treatment option for patients with relapsed/refractory PTCL, which
currently has no established standard therapy.

The limitations of this study stem from its single-arm design with no
control group and its open-label design, which makes comparing
the results of this study to those of other studies impossible.

In conclusion, darinaparsin showed antitumor activity for patients
with relapsed or refractory PTCL and is well tolerated, with a safety
12 SEPTEMBER 2023 • VOLUME 7, NUMBER 17
profile that was clinically acceptable and manageable with symp-
tomatic treatment and dose reductions.
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