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Abstract

therapy for patients with this disease.

hematological toxicity should be considered.

Background: The standard chemotherapy regimens for soft tissue sarcoma are doxorubicin-based. This
retrospective study aimed to assess the efficacy and safety of pirarubicin, ifosfamide, and etoposide combination

Methods: Between 2008 and 2017, 25 patients with soft tissue sarcoma were treated with pirarubicin (30 mg/mz, 2
days), ifosfamide (2 g/mz, 5 days), and etoposide (100 mg/mz, 3 days) every 3 weeks. The primary endpoint was
overall response, and the secondary endpoint was adverse events of this regimen.

Results: Responses to this regimen according to RECIST criteria were partial response (n =9, 36%), stable disease
(n=9, 36%) and progressive disease (n =7, 28%). During the treatment phase, frequent grade 3 or worse adverse
events were hematological toxicities including white blood cell decreases (96%), febrile neutropenia (68%), anemia
(68%), and platelet count decreases (48%). No long-term adverse events were reported during the study period.
Conclusion: This regimen was comparable to previously published doxorubicin-based combination chemotherapy
in terms of response rate. Although there were no long-lasting adverse events, based on our results, severe
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Background

Soft tissue sarcomas are malignant tumors that can originate
in soft tissues throughout the body; they comprise approxi-
mately 0.7% of all adult malignant tumors [1]. The definitive
therapy for localized soft tissue sarcomas is surgical excision,
whereas chemotherapy is administered to patients with me-
tastases or unresectable lesions to prolong survival or delay
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cancer progression. Doxorubicin (Adriamycin [ADR]) mono-
therapy remains the standard first-line regimen for patients
with advanced soft tissue sarcomas, although the effective-
ness of this treatment is not high [2, 3].

Pirarubicin  (4'-O-tetrahydropyranyl  doxorubicin
[THP]) is an anthracycline antineoplastic antibiotic dis-
covered by Umezawa et al. that can act as a substitute
for ADR [4]. THP inhibits DNA synthesis by interacting
with topoisomerase II, thereby exhibiting an antitumor
effect. In past studies, the uptake velocity of THP was
found to be approximately 170 times faster than that of
ADR, while its cardiotoxicity was lower [5, 6].

© The Author(s). 2020 Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if

changes were made. The images or other third party material in this article are included in the article's Creative Commons
licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons
licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.
The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the
data made available in this article, unless otherwise stated in a credit line to the data.


http://crossmark.crossref.org/dialog/?doi=10.1186/s12885-020-07378-z&domain=pdf
http://orcid.org/0000-0002-3438-9814
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
mailto:h-aiba@med.nagoya-cu.ac.jp

Saito et al. BMC Cancer (2020) 20:868

Furthermore, the THP dose limit is expected to be al-
most twice that of ADR (950 mg/m> vs 500 mg/m?).
However, the efficacy and safety of THP for soft tissue
sarcomas has not been fully validated in clinical settings.

In this study, we retrospectively investigated the effi-
cacy and safety of the novel combination of THP, ifosfa-
mide (IFO), and etoposide (VP-16) against soft tissue
sarcoma. The primary endpoint of this study was the
overall response to the chemotherapy, and the secondary
endpoint was the safety of this chemotherapy regimen in
terms of adverse events.

Methods

Patients

The combination therapy with THP, IFO, and VP-16
regimen was considered to be first line for patients with
presence of metastatic tumors, and as neoadjuvant
chemotherapy for patients with locally aggressive pri-
mary tumor with or without oligometastases. Among
those, patients who met the following criteria were in-
cluded: Diagnosed with grade 2 or 3 soft tissue sarcoma
(according to the Fédération Nationale des Centres de
Lutte Contre le Cancer) [7], non-round cell type, Eastern
Cooperative Oncology Group performance status scores
of 0-2, under 70vyears of age, and received no prior
chemotherapy for soft tissue sarcoma. Before induction
into the study, as well as at the beginning of every
chemotherapy cycle, patients were evaluated for kidney
(creatinine clearance > 60 mL/min), heart (ejection frac-
tion > 60%), and liver (within 2.5-fold of the upper limit
of normal for alanine aminotransferase, aspartate amino-
transferase, and total bilirubin) function. Between 2008
and 2017, 188 patients were diagnosed with soft tissue
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sarcoma in Nagoya City University hospital and consid-
ered in this study. Per the selection criteria for the can-
didates of the triplet regimen, we excluded 62 patients
with low-grade sarcomas, 7 with small round cell tumor,
91 who underwent definitive surgical resection without
chemotherapy, and 2 who were treated with other
chemotherapy regimens (Fig. 1). Finally, 25 patients who
met the criteria were included. The study was performed
according to the principles laid out in the Declaration of
Helsinki of 1964. The ethical committee of the Nagoya
City University Hospital approved the combination ther-
apy and this retrospective analysis. Written informed
consent for the administration of this combination ther-
apy was obtained from all patients and their families.

Procedures

During 2-3weeks of hospitalization, patients were
treated with THP (Pinorubin®, Nippon Kayaku, Tokyo,
30 mg/m?, days 1 and 2), IFO (Ifomide®, Shinogi & Co.,
Ltd., Tokyo, 2g/m? days 1-5), and VP-16 (Lastet Inj’,
Nippon Kayaku, Tokyo, 100 mg/m? days 1-3) via intra-
venous infusion. The doses of the chemotherapeutic
agents were reduced by 20% if adverse events occurred
or were expected to occur. Treatment was repeated
every 3weeks to allow for full recovery from
hematological toxicities. As a prophylactic for febrile
neutropenia, long-lasting-type G-CSF (granulocyte-col-
ony stimulating factor) (G-LASTA® Subcutaneous Injec-
tion, Kyowa Kirin, Tokyo) or short-lasting-type G-CSF
(Lenograstim [Genetical Recombination] °, Chugai
Pharmaceutical, Tokyo) were administered. In addition,
Mesna (Uromitexan®, Shinogi & Co., Ltd., Tokyo, over
60% dose of ifosfamide, intravenously) was administered.

-
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Fig. 1 A CONSORT diagram of the patient selection process
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The treatment was terminated upon tumor progression
(as verified via imaging), attaining the dose limit for car-
diotoxicity (the maximal total dose of THP was limited
to 950 mg/m?* with safety margins), occurrence of severe
adverse events (except for hematological toxicities), or
patient withdrawal.

Radiological assessment of the target lesions was per-
formed using computed tomography or magnetic reson-
ance imaging before and after every treatment cycle,
with the outcome classified as a complete response (CR),
partial response (PR), stable disease (SD), or progressive
disease (PD), based on the Response Evaluation Criteria
In Solid Tumors version 1.1 [8]. Radiographical evalua-
tions were performed by independent radiologists.

The adverse events of treatment were graded accord-
ing to the Common Terminology Criteria for Adverse
Events, version 5.0, based on the review of laboratory
test results and medical charts.

Results

Twenty-five patients (male=17, female=8) with a
median age of 51 years who were treated with THP,
IFO, and VP-16 combination therapy were included
in the study. Seven patients underwent this regimen
as neoadjuvant chemotherapy, and 18 patients were
treated to control surgically unresectable sarcoma or
metastatic tumors. Histological subtypes included syn-
ovial sarcoma (n=7, 28%), undifferentiated pleo-
morphic sarcoma (n =6, 24%), myxofibrosarcoma (n =
3, 12%), epithelioid sarcoma (n =2, 8%), myxoid lipo-
sarcoma (n=2, 8%), alveolar soft part sarcoma (n=2,
8%), and others (n=3, 12%). Their characteristics are
shown in Table 1 with additional details supplied in
the Supplementary Table. As for the best responses
to chemotherapy, 9 patients were evaluated as PR
(the overall response rate=36%), while 9 patients
were classified as having SD and 7 had PD.

Serious adverse events of grade 3 or higher were
white blood cell decreases (96%), febrile neutropenia
(68%), anemia (68%), platelet count decreases (48%),
Alanine aminotransferase increases (20%), and Aspar-
tate aminotransferase increases (12%). These adverse
events were appropriately managed with blood trans-
fusion, G-CSF administration, or the induction of
short-term antibiotics. None of these treatment-
related serious adverse events were fatal. The non-
hematological toxicities were relatively tolerable, while
2 patients discontinued chemotherapy because of de-
lirium or urticaria. During the study, there were no
cases of cardiac or renal toxicity reported (Table 2).
Four patients received long-lasting-type prophylactic
G-CSF administration and 21 patients appropriately
received short-lasting-type prophylactic G-CSF.
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Table 1 Patients’ characteristics

Patients treated with
THP + IFO + VP-16 (N = 25)

48,15

Patient’s characteristics

Age (mean, standard deviation)
Sex

Male / Female 17/8
Histology

Synovial sarcoma

Undifferentiated pleomorphic sarcoma

Myxofibrosarcoma

Epithelioid sarcoma

Myxoid liposarcoma

Alveolar soft part sarcoma

Others

w NN Ww Oy

Original localization
Upper extremity 3
Lower extremity 12
Trunk 10
Performance status
0/1/2/3/4 13/6/6/0/0
Reason for chemotherapy

Neoadjuvant chemotherapy 7

Unresectable or metastatic tumors 18

Others = leiomyosarcoma, intimal sarcoma, and malignant peripheral nerve
sheath tumor

Discussion

In this study, we showed that the combination therapy
of THP + IFO + VP-16 was effective for patients with soft
tissue sarcomas, with an overall response rate of 36%,
which was relatively higher than the response rate found
with ADR + IFO combination and other combinations.
(Table 3) In addition, this regimen might have better
cardiac tolerance as compared to ADR-based
combinations.

To date, ADR monotherapy is considered the standard
first-line treatment for advanced soft tissue sarcoma
[11]. This is based on a randomized controlled phase III
trial of ADR monotherapy versus ADR +IFO combin-
ation therapy for the first-line treatment of patients with
this disease [9]. Although the response rate and
progression-free survival (PES) were significantly im-
proved in the combination group, adverse events were
more frequent and there was no significant difference in
overall survival (OS) between the 2 groups [9]. There-
fore, ADR monotherapy has been recommended for
delaying tumor progression or alleviating tumor-related
symptoms with acceptable adverse events. On the other
hand, ADR + IFO combination therapy is recommended
when tumor shrinkage is expected to be beneficial, such
as in patients experiencing severe symptoms caused by
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Table 2 Adverse events according to the Common
Terminology Criteria for Adverse Events, version 5.0

Adverse event, n (%) Grade 1-2 Grade 3-4
White blood cell decreased 14 24 (96)
Anemia 8 (32) 17 (68)
Febrile neutropenia - 17 (68)
Platelet count decreased 13 (52) 12 (48)
Alanine aminotransferase increased 3(12) 5 (20)
Aspartate aminotransferase increased 5(20) 3(12)
Alopecia 25 (100) 0 (0)
Nausea 17 (68) 0 (0)
Fatigue 11 (44) 0(0)
Constipation 8 (32) 0 (0)
Diarrhea 8 (32) 0 (0)
Dyspepsia 7 (28) 0(0)
Hiccups 6 (24 0
Vomiting 5 (20) 0 (0)
Mucositis oral 4 (16) 0(0)
Insomnia 3(12) 0 (0)
Hematuria 2(8) 00
Dysgeusia 2(8) 0(0)
Arthralgia 2(8) 0 (0)
Urticaria 1(4) 00
Delirium 14 00
Creatinine increased 0 (0) 0 (0)
Heart failure 0 (0) 0 (0)

tumors compressing adjacent essential organs, or in
those intending to convert to resectable status for their
primary or metastatic lesions.

From the mathematical model (Goldie-Coldman hy-
pothesis) about the proliferation of tumor and acquisi-
tion of cancer resistance [12], further multi-combination
therapies were expected to increase the efficacy of anti-
tumor agent. Thus, the VP-16 was added to the

Table 3 The comparison of first-line treatments for patients
with soft tissue sarcoma

Chemotherapy regimen Overall response Adverse events

(CR+PR) (> Grade3)

Doxorubicin monotherapy [9]  14% LP =18%, FN = 139%,
AN = 4%, TP = 04%
LP =43%, FN = 46%,
AN =35%, TP =33%
LP=7%, FN = 12%,
AN = 6%, TP = 0%

LP =96%, FN = 68%,
AN = 68%, TP = 48%

Doxorubicin + ifosfamide [9]  26%

Gemcitabine + docetaxel [10]  20%

Current protocol 36%

CR complete response, PR partial response, LP leukopenia, FN febrile
neutropenia, AN anemia, TP thrombocytopenia
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combination of THP + IFO therapy and expected to be
superior to conventional chemotherapies in terms of ef-
ficacy. Although in this study, patients with grade 3 or
higher hematological toxicities were obviously increased
than other regimen (Table 3), the contribution of this
multi-combination therapy to oncological outcomes
should be validated by future study.

A similar combination regimen comprising VP-16
(125 mg/m?) + IFO (1500 mg/m?) + ADR (50 mg/m?)
(ie, an “EIA regimen”) with the addition of G-CSF to
treat any perioperative conditions was reported by
Schmitt et al. in 2010 [13]. Although it was almost diffi-
cult to compare to current protocol, according to their
data, the response to this regimen was CR, PR, SD, and
PD in 6, 24, 62, and 8% of their patients, respectively.
When it comes to cardiac toxicity, grade 2 cardiac toxicity
occurred in 4% of their patients, contrarily, no cardiac ad-
verse event was observed in the current study, which
might be one of the merits of substitution of ADR by THP
in the combination. Moreover, EIA regimen was also re-
ported by Issels et al. in a phase III trial that also included
regional hyperthermia [14]. Although that study showed
promising results in terms of combining hyperthermia
with EIA, secondary leukemias were also reported in 5 pa-
tients, and 3 patient deaths were attributed to the treat-
ment. Therefore, the investigators concluded that the EIA
regimen should be discontinued in further studies due to
the risk of leukemia owing to VP-16 administration. Des-
pite no secondary leukemia occurring among our own pa-
tients, the administration of VP-16 should be considered
in a prudent manner. In our hospital, for the fear of the
risk of secondary cancers, we did not include children
under 15 years of age into this regimen.

The fact that the tolerated dose limit is approxi-
mately twice that of ADR is an advantage of THP
chemotherapy. However, THP has not been approved
for soft tissue sarcoma in Japan, and its off-label use
was permitted as a substitute for the first-line drug
ADR by our hospital. A Phase II trial on the efficacy
of THP monotherapy in various types of tumor;
metastatic renal cancer, colon cancer, melanoma, and
soft tissue sarcoma, reported that the responses after
the median cumulative dose of 165mg/m?* (range:
55-630) were: 3 patients with PR and 18 patients
with SD, out of a total of 80 patients [15]. Therefore,
THP is not approved in the US and Europe, and
there is no IND application with the FDA. However,
because most patients with soft tissue sarcoma were
pretreated with other chemotherapies, including
anthracyclines, the definite evaluation in soft tissue
sarcoma was suspended [15]. Since then, there have
been various case reports or case series analysis that
indicated preferable outcomes with THP-based com-
bination chemotherapy [16-19]. Thus, a randomized
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controlled trial for the usage of THP-based chemo-
therapy will be needed to gain future approval for
soft tissue sarcoma.

This study had several limitations. First, it was per-
formed at a single institution and had a small sample
size, which may have biased the results. Also, because of
the versatile histology of soft tissue sarcoma, the re-
sponses to chemotherapy can vary considerably among
patients; hence, our results should be interpreted with
caution. Moreover, although we showed that our regi-
men was superior to ADR monotherapy in terms of re-
sponse, it was difficult to compare the result directly.

Conclusion

We retrospectively analyzed the clinical effect of com-
bination chemotherapy with THP, IFO, and VP-16 in
soft tissue sarcomas. Although this regimen was feasible
in terms of efficacy and cardiac tolerability, severe
hematological toxicity should be considered, which
might get mitigated by prophylactic use of G-CSF. Fu-
ture studies including randomized controlled trials are
warranted to validate the contribution of this multi-
combination therapy to oncological outcomes.
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