
Vol.:(0123456789)1 3

International Journal of Hematology (2022) 115:391–398 
https://doi.org/10.1007/s12185-021-03263-y

ORIGINAL ARTICLE

An expanded‑access clinical study of thiotepa (DSP‑1958) high‑dose 
chemotherapy before autologous hematopoietic stem cell 
transplantation in patients with malignant lymphoma

Momoko Nishikori1  · Yasufumi Masaki2 · Nobuharu Fujii3 · Takashi Ikeda4 · Mariko Takahara‑Matsubara5 · 
Saori Sugimoto5 · Eisei Kondo6,7

Received: 16 July 2021 / Revised: 14 November 2021 / Accepted: 14 November 2021 / Published online: 26 November 2021 
© Japanese Society of Hematology 2021

Abstract
Thiotepa, an antineoplastic ethylenimine alkylating agent that can penetrate the central nervous system, was recently approved 
in Japan as high-dose chemotherapy prior to autologous hematopoietic stem cell transplantation (HSCT) for patients with 
malignant lymphoma. To further evaluate the safety and efficacy of thiotepa, a multicenter, open-label, non-comparative, 
expanded access program was undertaken in Japan, including a larger population of Asian patients with malignant lym-
phoma. Intravenous thiotepa (200 mg/m2/day) was administered over 2 h on days -4 and -3 before scheduled HSCT, plus 
intravenous busulfan (0.8 mg/kg) over 2 h every 6 h on days -8, -7, -6 and -5. In the safety analysis population (N = 51), 25 
patients (49.0%) had primary central nervous system lymphomas. The most common treatment-emergent adverse event was 
febrile neutropenia (49/51 [96.1%]). No unexpected safety events were observed, and no event resulted in death or treatment 
modification. Forty-seven patients (92.2%) had engraftment (neutrophil count ≥ 500/mm3 for three consecutive days after 
bone-marrow suppression and HSCT). The survival rate at day 100 post-transplantation was 100%. These data confirm the 
safety of thiotepa prior to autologous HSCT for patients with malignant lymphoma.
Trial registration: JapicCTI-173654.
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Introduction

For patients with high-risk lymphoma, high-dose-chem-
otherapy (HDT) and autologous hematopoietic stem cell 
transplantation (HSCT) are administered with curative intent 
or with the aim of improving survival duration [1–3].

Thiotepa (DSP-1958), an antineoplastic ethylenimine 
alkylating agent that inhibits DNA synthesis [4], is used 
as HDT before autologous HSCT in patients with solid or 
hematologic malignancies [5]. It has the capacity to cross the 
blood–brain barrier, and is able to rapidly penetrate into the 
central nervous system (CNS) [6, 7]. Thiotepa has a lengthy 
medical history, having first been used for the treatment of 
leukemia [8] and solid tumors [9] in the 1950s. In Japan, 
thiotepa has been approved for standard-dose chemotherapy 
since 1958, but manufacturing had been discontinued in 
2008 [10, 11]. However, thiotepa was approved in Europe in 
2010 as HDT prior to HSCT in adult and pediatric patients 
[12]. As a result, oncologists in Japan felt that there was a 
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high medical need for thiotepa as HDT prior to autologous 
HSCT, especially for the treatment of CNS lymphoma.

We have previously reported data from a phase 1 study 
of a thiotepa-containing HDT regimen in nine patients with 
pediatric solid tumors and 10 adult patients (≥ 16 years) with 
malignant lymphoma [5]. The results indicated that thiotepa 
was well-tolerated; the bone-marrow suppression rate was 
100% for both pediatric solid tumors and for adult malignant 
lymphoma, and the engraftment rates were 66.7% and 100%, 
respectively. Furthermore, the survival rate at day 100 post-
HSCT was 77.8% for pediatric solid tumors and 100% for 
malignant lymphoma. Thiotepa was subsequently approved 
in Japan as HDT prior to autologous HSCT for pediatric 
malignant solid tumors in March 2019 and for malignant 
lymphoma in March 2020 [13].

An expanded access program was initiated to further 
evaluate the safety and efficacy of thiotepa HDT in larger 
patient populations prior to gaining marketing approval. 
The study included pediatric patients with solid tumors or 
brain tumors and adult patients (≥ 16 years) with malignant 
lymphoma; herein, we report data from the patients with 
malignant lymphoma.

Patients and methods

Patients

The key inclusion criteria were male or female patients 
aged ≥ 16 years with malignant lymphoma who had com-
pleted hematopoietic cell collection for autologous HSCT; 
Eastern Cooperative Oncology Group (ECOG) performance 
status (PS) of 0–2 assessed within 14 days before enroll-
ment; and normal hepatic, renal, and cardiac function (aspar-
tate aminotransferase and alanine aminotransferase ≤  3-fold, 
γ-glutamyl transferase ≤ 2.5-fold, and total bilirubin and cre-
atinine ≤ 1.5-fold the reference range at the clinical site; left 
ventricular ejection fraction [LVEF] ≥ 50%) based on tests 
performed within 14 days before enrollment. All patients 
provided written informed consent prior to study enrollment; 
for patients aged 16–19 years, written informed consent was 
also required from their legal representative.

Key exclusion criteria were patients who had undergone 
any treatment (other than hematopoietic cell collection) for 
the underlying disease within 13 days before the start of 
study treatment; previous HSCT within the 6 months prior 
to the study; receipt of live attenuated vaccine within 90 days 
or any investigational agent within 27 days before the start 
of study treatment; pregnancy or lactation; present or previ-
ous history of complications affecting drug metabolism or 
excretion; active infection; presence of human immunode-
ficiency virus antibody, hepatitis B surface antigen or anti-
body, or hepatitis B core antibody (although patients positive 

for hepatitis B surface antigen or antibody, or hepatitis B 
core antibody could be enrolled if vaccinated for type B 
hepatitis); pericardial effusion, pleural effusion, or ascites 
requiring treatment or receipt of treatment for these condi-
tions within 14 days before enrollment; hypersensitivity to 
thiotepa, macrogol 400, or busulfan; and any other reason 
which may endanger the patient or confound the study out-
comes based on the judgement of the study investigator.

Study design and treatments

This was a multicenter, open-label, non-comparative, 
expanded access program (JapicCTI-173654) which was 
conducted in patients with malignant lymphoma at four 
institutions in Japan between September 2017 and June 
2020. The study protocol and related documentation were 
approved by the ethics committee or independent review 
board of each study center. The study was conducted in 
accordance with the Declaration of Helsinki, Good Clinical 
Practice guidelines, and all applicable legal and regulatory 
requirements.

The study design is shown in Fig. 1A. The study com-
prised a HDT period and a transplant period, with the day 
of HSCT defined as day 0. Thiotepa (200 mg/m2/day) was 
administered intravenously (IV) over 2 h on day -4 and 
day -3 before scheduled HSCT. Busulfan (0.8 mg/kg) was 
administered IV over 2 h every 6 h (i.e., four times daily, for 
a total dose of 3.2 mg/kg/day) on days -8, -7, -6 and -5 before 
the scheduled HSCT. The doses of thiotepa and busulfan 
could be reduced or interrupted if deemed necessary; such 
decisions were made at the investigator’s discretion and no 
specific dosage modification instructions were mandated by 
the protocol.

Prophylactic administration of anticonvulsants (e.g., 
sodium valproate) was recommended in the period between 
48 h before and 48 h after administration of busulfan, as this 
drug may cause seizures in patients with malignant lym-
phoma [14].

Endpoints

The primary study objective was to assess the safety of IV 
thiotepa as HDT before autologous HSCT in patients with 
malignant lymphoma. Safety was assessed by recording 
treatment-emergent adverse events (TEAEs) and adverse 
drug reactions (ADRs) occurring between the start of study 
treatment and day 28 post-HSCT, evaluating ECOG PS, and 
assessing the results of physical and laboratory tests (12-lead 
electrocardiogram [ECG], LVEF, laboratory measures, vital 
signs, and body weight). TEAEs were classified using the 
Medical Dictionary for Regulatory Activities (MedDRA) 
version 19.1. In this study, the myelosuppression rate was set 
as an efficacy endpoint and, therefore, hematologic toxicity 
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Fig. 1  A Study design in patients with malignant lymphoma. B 
Patient disposition. The screening period included collection of 
informed consent and study enrollment. Day 0 was the day of HSCT. 
aThiotepa 200 mg/m2/day IV over 2 h on days -4 and -3. bBusulfan 
0.8  mg/kg IV over 2  h every 6  h on days -8, -7, -6 and -5. cThree 
patents did not have validated data; the sponsor was unable to visit 
one of the study sites to verify the documentation for most of the 
data due to the institute’s COVID-19 precautions within the study 
period. Therefore, these patients were excluded from all analyses. 
dThree additional patients did not have validated data for survival at 

day 100 after HSCT due to the COVID-19 precautions at the same 
institute. These patients were excluded from the analysis of survival 
at day 100 after HSCT. Validated data for other measures, including 
adverse events, were available and these three patients were included 
in the safety analysis set. eIncludes two patients who did not complete 
the full 100 days (censored) due to termination of the study when thi-
otepa received regulatory approval for malignant lymphoma. HDT 
high-dose chemotherapy, HSCT hematopoietic stem cell transplanta-
tion, IV intravenously
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associated with thiotepa-based HDT prior to HSCT was not 
included in the evaluation of TEAEs.

The secondary objective was to assess the efficacy of 
IV thiotepa in this patient population. Efficacy endpoints 
included the bone-marrow suppression rate (defined as the 
proportion of patients with a neutrophil count < 500/mm3 at 
least once during the 28 days after HSCT), the engraftment 
rate (defined as the proportion of patients with a neutrophil 
count ≥ 500/mm3 for 3 consecutive days after bone-marrow 
suppression and HSCT), time to engraftment (evaluated in 
those patients with evidence of engraftment, and defined 
as the number of days between HSCT and the first of three 
consecutive days with a neutrophil count ≥ 500/mm3 after 
bone-marrow suppression and HSCT), and the survival rate 
at day 100 post-HSCT.

Statistical methods

The overall sample size of approximately 100 patients 
(including patients with pediatric solid tumors and those 
with malignant lymphoma) was determined based on the 
expected number of participants; no formal study size cal-
culations or hypothesis testing was performed.

The safety analysis population included all patients who 
received at least a single dose of thiotepa. The number and 
frequency of AEs and ADRs were summarized; physical and 
laboratory test results were reported as summary statistics 
and ECG interpretations as shift tables.

For the efficacy analyses of bone-marrow suppression 
rate, engraftment rate and time to engraftment, the safety 
analysis population was used, and missing data were not 
imputed. The rate of survival at day 100 post-HSCT was 
estimated using Kaplan–Meier methodology. Death after 
HSCT (regardless of cause of death) was defined as an 
event, and observations were censored on the latest date 
of confirmed survival. Statistical analyses were conducted 
using SAS software version 9.4 (SAS Institute Inc., Cary. 
NC, USA).

Results

Patients

A total of 55 patients with malignant lymphoma were 
enrolled into the study. Patient disposition is shown in 
Fig. 1B. One patient discontinued due to physician decision 
prior to receiving thiotepa. Three patients from one study 
site were excluded from all analyses, because the sponsor 
was unable to verify the documentation due to the insti-
tute’s COVID-19 precautions within the study period. For 
the same reason, three additional patients at the same insti-
tute did not have validated data for survival at day 100 after 

HSCT, and were excluded from the analysis of survival at 
day 100 after HSCT. However, as these three patients had 
validated data for other measures including TEAEs, it was 
considered that it was ethically and medically desirable to 
include them in the safety analysis set. Thus, the safety anal-
ysis population comprised 51 patients, all of whom under-
went HSCT, and the survival analysis population comprised 
48 patients. It should also be noted that the survival analysis 
at day 100 post-HSCT included two patients who did not 
complete the full 100 days (censored) due to termination 
of the study when thiotepa received regulatory approval for 
malignant lymphoma.

Baseline demographics and clinical characteristics for 
the safety analysis set are shown in Table 1. Overall, 34/51 
(66.7%) patients were male, the median age was 54 years 
(range 38–72), and 30/51 (58.8%) patients had an ECOG PS 

Table 1  Baseline demographics and clinical characteristics (safety 
analysis set)

All patients were Asian. Number of patients (%) are shown unless 
otherwise indicated
BSA body surface area, ECOG PS Eastern Cooperative Oncology 
Group performance status, HSCT hematopoietic stem cell transplan-
tation
a Calculated using DuBois formula [15]: weight (kg)0.425 × height 
(cm)0.725 × 0.007184
b Complications occurring in ≥ 10% of patients are shown

Patients with malig-
nant lymphoma
(N = 51)

Sex (male) 34 (66.7)
Age (years), median (min, max) 54.0 (38, 72)
  ≥ 65 years, n (%) 15 (29.4)

Height (cm), median (min, max) 167.1 (150.9, 185.1)
Weight (kg), median (min, max) 62.9 (36.3, 95.1)
BSA  (m2)a, median (min, max) 1.7 (1.3, 2.1)
ECOG PS
 0 30 (58.8)
 1 18 (35.3)
 2 3 (5.9)

Disease type
 New onset 27 (52.9)
 Relapse 24 (47.1)

Prior HSCT transplantations
 0 48 (94.1)
 1 3 (5.9)

Complicationsb 48 (94.1)
 Constipation 24 (47.1)
 Hypertension 11 (21.6)
 Insomnia 10 (19.6)
 Neuropathy peripheral 10 (19.6)
 Hyperlipidemia 6 (11.8)
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of 0. HSCT was reported as a treatment for relapsed disease 
in 24/51 (47.1%) patients, and 3/51 (5.9%) had received one 
prior HSCT transplantation. The type of lymphoma is shown 
in Supplementary Table 1. Overall, 25/51 patients (49.0%) 
had primary CNS lymphoma (PCNSL), and several of the 
remaining 26 patients also had CNS lesions.

Treatments

The dosing schedules for thiotepa and busulfan are shown 
in Table 2. All patients in the safety analysis set received 2 
days of thiotepa and 4 days of busulfan treatment; median 
dose intensities for both were 100%.

Dose reductions were uncommon. For thiotepa, 4/51 
patients had a reduction from 200 mg/m2/day, with three of 
these patients receiving 160 mg/m2/day (80% of the expected 
dose) and one patient receiving 140 mg/m2/day (70% of the 
expected dose). For busulfan, 7/51 patients had a dose reduc-
tion from 3.2 mg/kg/day; of these, five patients received 
2.56 mg/kg/day (80% of the expected dose), and two patients 
received 2.24 mg/kg/day (70% of the expected dose).

Concomitant granulocyte colony stimulating factor (fil-
grastim or lenograstim) was received by 45/51 (93.8%) 
patients in this analysis.

Safety

TEAEs occurring in ≥ 10% of patients are shown in Table 3. 
The most frequently reported TEAE was febrile neutropenia 
(49/51 [96.1%] patients); all patients were recorded as hav-
ing had grade 3 events. Although diarrhea (42/51 [82.4%]), 
stomatitis (32/51 [62.7%]), nausea (29/51 [56.9%]), and 
decreased appetite (28/51 [54.9%]) all occurred in more 
than half of patients, many of these events were grade 1 or 2.

No TEAEs resulting in death or treatment discontinuation 
or interruption, or dose reduction, were reported during the 
study. Four patients reported serious TEAEs up to day 28 
post-HSCT (hepatic veno-occlusive disease: grade 3, n = 1, 
grade 4, n = 1; hepatic dysfunction: grade 4, n = 1; hypoxia 
and viral infection: grade 3 and grade 4, respectively, 
n = 1). The cases of veno-occlusive disease were considered 

possibly related to study treatment (ADRs), most likely due 
to busulfan administration, while the hepatic dysfunction 
was considered unlikely to be related to study treatment. 
None of these events had resolved/recovered at the end of the 
study (i.e., day 28 post-HSCT), but all resolved/recovered 
during the survival follow-up period. The viral infection was 
caused by human herpesvirus 6; it was considered possibly 
related to treatment (ADR), since herpesvirus reactivation in 
immunodeficient patients is known to be possible. The infec-
tion was subsequently reported to be recovered; the event 

Table 2  Treatment details 
(safety analysis set)

Thiotepa Busulfan

Number of exposure days, n (%)
 1 0 0
 2 51 (100.0) 0
 3 – 0
 4 – 51 (100.0)

Daily dose (mg/m2/day), median (min, max) 200 (140, 200) 3.2 (2.2, 3.2)
Cumulative dose (mg/m2), median (min, max) 400 (280, 400) 12.8 (9.0, 12.8)
Dose intensity (%), median (min, max) 100 (70, 100) 100 (70, 100)

Table 3  Summary of TEAEs (safety analysis set)

No grade 5 events were reported. Number of patients (%) are shown
MedDRA Medical Dictionary for Regulatory Activities, TEAE treat-
ment-emergent adverse event

MedDRA preferred term Patients with malignant 
lymphoma (N = 51)

All grades Grade 3 or 4

Any TEAE 51 (100.0) 51 (100.0)
TEAEs occurring in ≥ 10% of patients
 Febrile neutropenia 49 (96.1) 49 (96.1)
 Diarrhea 42 (82.4) 6 (11.8)
 Stomatitis 32 (62.7) 13 (25.5)
 Nausea 29 (56.9)) 4 (7.8)
 Decreased appetite 28 (54.9) 16 (31.4)
 Malaise 24 (47.1) 0
 Dysgeusia 19 (37.3) 0
 Hepatic function abnormal 17 (33.3) 5 (9.8)
 Vomiting 15 (29.4) 1 (2.0)
 Hypokalemia 12 (23.5) 3 (5.9)
 Oropharyngeal pain 12 (23.5) 3 (5.9)
 Pharyngitis 12 (23.5) 3 (5.9)
 Pyrexia 11 (21.6) 0
 Hypersensitivity 10 (19.6) 1 (2.0)
 Dermatitis contact 9 (17.6) 0
 Insomnia 9 (17.6) 0
 Proctalgia 9 (17.6) 0
 Rash 7 (13.7) 0
 Headache 6 (11.8) 0
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of hypoxia was considered unrelated to treatment and had 
resolved by the end of the study.

One patient had an abnormal, clinically significant ECG 
change on day 7 post-HSCT, but no longer had a clinically 
significant abnormality by day 28. No other clinically sig-
nificant changes in physical or laboratory test values were 
noted during the study.

Efficacy

Efficacy outcomes are summarized in Table  4. All 51 
patients (100.0%) achieved bone-marrow suppression and 
47/51 (92.2%) had engraftment. The median time to engraft-
ment in those 47 patients was 11.0 days. The remaining four 
patients did not meet the narrow definition of engraftment 
used in this study (a neutrophil count ≥ 500/mm3 for 3 con-
secutive days), because blood sampling was not performed 
on 3 consecutive days; thus the corresponding consecutive 
neutrophil counts were unavailable. However, each of the 
four did achieve a neutrophil count ≥ 500/mm3 at all (> 3) 
time points evaluated after autologous HSCT day 11. The 
median follow-up after autologous HSCT was 109 days. The 
survival rate at day 100 post-HSCT was 100% (Supplemen-
tary Fig. 1).

Discussion

In this expanded access study, the safety of IV thiotepa as 
HDT before autologous HSCT in patients with malignant 
lymphoma was assessed. This was the largest study to date 
undertaken in Japan of Asian patients treated with a thi-
otepa and busulfan HDT regimen, and the resulting data 
provide important information for oncologists when choos-
ing the optimal treatment for their patients with malignant 
lymphoma.

The safety profile of this treatment regimen was accept-
able. The most frequently reported TEAEs (febrile neutro-
penia and gastrointestinal toxicities) were consistent with 
those reported in adults with malignant lymphoma in the 

phase I study [5], and with the European [12] and Japanese 
[13] product labels. No unexpected safety outcomes were 
observed. Two patients in this study had an event of hepatic 
veno-occlusive disease; this event is a known risk in some 
patients during HDT or following HSCT [16]. No patients 
discontinued treatment or died due to an AE in this study.

A previous single-center analysis of data from 24 patients 
treated with thioteopa plus busulfan high-dose chemother-
apy, which included patients drawn from the phase 1 phar-
macokinetic study [5] and also from this expanded access 
program, reported the occurrence of secondary failure of 
platelet recovery (SFPR) in three of the patients evaluated 
after the end of the study period [17]. SFPR is known to be 
a complication of hematopoietic stem cell transplantation, 
although it generally occurs more frequently in allogenic 
than in autologous transplants [18]. As it was considered 
possible that the development of SFPR may have been asso-
ciated with the use of busulfan [17], clinicians using a thi-
otepa plus busulfan high-dose chemotherapy regimen prior 
to autologous HSCT should be aware of the possibility of 
SFPR and ensure that timely treatment can be initiated.

The efficacy results indicated that using thiotepa in this 
regimen was able to contribute to good clinical outcomes for 
patients, with all patients achieving bone-marrow suppres-
sion and > 90% having engraftment. Furthermore, the sur-
vival rate at day 100 post-HSCT was also 100%. Although a 
total of six patients were excluded from the formal analysis 
of the survival rate at day 100 post-HSCT due to a lack of 
validated data from one site (resulting from the institute’s 
COVID-19 precautions), all six remained alive at this time 
point. These findings confirm the efficacy data observed in 
the prior phase 1 study [5].

Due to its potent ability to penetrate the CNS [6, 7], thi-
otepa shows promise for the treatment of PCNSL, and other 
lymphomas in which lesions are found within the nervous 
system. Although PCNSL is relatively rare [19], other types 
of malignant lymphoma can recur within the CNS [20–22], 
and survival times are often poor [19–21]. Thus, a treat-
ment which can provide benefit to these patients would be 
a valuable addition to the current therapeutic algorithms. In 

Table 4  Summary of efficacy 
outcomes (safety analysis set)

a Defined as the proportion of patients with a neutrophil count ≥ 500/mm3 for 3 consecutive days after bone-
marrow suppression and HSCT
CI confidence interval, HSCT hematopoietic stem cell transplantation

Patients with malignant lymphoma
(N = 51)

Bone-marrow suppression, n (%) [95% CI] 51 (100.0) [93.0, 100.0]
Neutrophil  engraftmenta, n (%) [95% CI] 47 (92.2) [81.1, 97.8]
Time to engraftment (days), median (min, max) 11.0 (8, 17)
Evaluable subjects at day 100 post-HSCT, n 48
Survival at day 100, n (%) [95% CI] 48 (100.0) [–, –]
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this study, 49.0% of patients had PCNSL and several others 
also had CNS lesions; given that 100-day survival in evalu-
able patients was 100%, these data suggest that thiotepa may 
be beneficial for the treatment of patients with CNS-based 
disease.

The main study limitations include that the study was 
conducted in Japan and enrolled only Asian patients with 
malignant lymphoma, which means that the data may not be 
generalizable to the global patient population. The 100-day 
post-HSCT follow-up means that long-term survival data are 
not available, and further studies are warranted to evaluate 
outcomes over longer durations. It is possible that the imple-
mentation of emergency restrictions due to COVID-19, and 
patient censoring at study termination (due to drug approval 
by the regulatory authorities), may have confounded the out-
come calculations, but since a very small number of patients 
were affected, we consider that these events had a limited 
impact on the overall study findings.

In conclusion, the data from this expanded access study 
confirmed the safety of IV thiotepa as part of the HDT regi-
men prior to autologous HSCT for patients with malignant 
lymphoma in Japan. The results confirmed the data reported 
in the phase I study, but in a larger population, including 
many patients with CNS-based disease. There were no new 
safety concerns, and we consider that thiotepa is suitable for 
administration to this patient population.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s12185- 021- 03263-y.
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