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BACKGROUND: This randomised phase II/III trial aimed to determine whether perioperative chemotherapy with gemcitabine plus
docetaxel (GD) is non-inferior to the standard Adriamycin plus ifosfamide (AI) in terms of overall survival (OS) in patients with soft
tissue sarcoma (STS).
METHODS: Patients with localised high-risk STS in the extremities or trunk were randomised to receive AI or GD. The treatments
were repeated for three preoperative and two postoperative courses. The primary endpoint was OS.
RESULTS: Among 143 enrolled patients who received AI (70 patients) compared to GD (73 patients), the estimated 3-year OS was
91.4% for AI and 79.2% for GD (hazard ratio 2.55, 95% confidence interval: 0.80–8.14, P= 0.78), exceeding the prespecified non-
inferiority margin in the second interim analysis. The estimated 3-year progression-free survival was 79.1% for AI and 59.1% for GD.
The most common Grade 3–4 adverse events in the preoperative period were neutropenia (88.4%), anaemia (49.3%), and febrile
neutropenia (36.2%) for AI and neutropenia (79.5%) and febrile neutropenia (17.8%) for GD.
CONCLUSIONS: Although GD had relatively mild toxicity, the regimen—as administered in this study—should not be considered a
standard treatment of perioperative chemotherapy for high-risk STS in the extremities and trunk.
CLINICAL TRIAL REGISTRATION: jRCTs031180003.
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INTRODUCTION
Soft tissue sarcoma (STS) is a group of malignant tumours with
>50 histological subtypes [1]. STS accounts for <1% of all
malignancies and only approximately 13,000 cases are diagnosed
annually in the United States [2]. The incidence is even lower in

Japan, with only approximately 2,000 STS cases registered during
2019 in the Japanese Orthopaedic Association’s registry of soft
tissue tumours [3].
The standard treatment for localised STS is surgical resection

[4, 5], although recurrence and metastases occur in approximately
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one-half of localised STS cases. Therefore, the effectiveness of
adjuvant chemotherapy combined with surgery has been
investigated. The Italian Sarcoma Group (ISG) conducted a
randomised controlled trial (RCT) that demonstrated superior
overall survival (OS), relative to surgery alone, with surgery and
adjuvant chemotherapy using full-dose epirubicin plus ifosfamide
(IFM, the EI regimen) to treat high-risk STS, which was defined as
high-grade deeply located tumours that were >5 cm [6]. Although
the largest RCT to compare adjuvant chemotherapy using
Adriamycin (ADM) plus IFM (the AI regimen) and surgery alone
for STS did not show significant difference in survival [7], a meta-
analysis of 18 RCTs revealed that surgery plus adjuvant AI
chemotherapy for STS provided a significant improvement in OS
(11% reduction in the risk of death) [8]. The ISG further conducted
a phase III study with a larger number of STS patients and
validated the efficacy of preoperative chemotherapy using full-
dose EI for high-risk STS in the extremities and trunk [9]. The Bone
and Soft Tissue Tumor Study Group (BSTTSG) of the Japan Clinical
Oncology Group (JCOG) also conducted a phase II trial (JCOG0304)
of perioperative chemotherapy using full-dose AI for high-risk STS
in the extremities, which revealed favourable OS [10] and good
long-term survival at the 10-year follow-up, which was similar to
the long-term results from the ISG study [11, 12].
Although perioperative AI appears to be effective for patients

with STS, this regimen is highly toxic. Severe haematological
toxicities were almost inevitable (Grade 3–4 leukopenia: 97.2%,
Grade 3–4 neutropenia: 98.6%) in the JCOG0304 trial [10]. Thus,
given that STS patients are generally old, a less toxic treatment
option would be desirable. In this context, gemcitabine (GEM) plus
docetaxel (DOC, the GD regimen) is effective for advanced STS
and has relatively mild toxicity. A randomised phase II trial
comparing GEM alone to GD revealed that the GD regimen
provided superior progression-free survival (PFS) and OS among
patients with advanced STS [13]. A randomised phase II trial also
compared perioperative chemotherapy using AI or GD for
localised STS, which revealed that GD was associated with
significantly better disease-free survival (DFS) [14]. Therefore, the
JCOG BSTTSG conducted a randomised phase II/III trial (JCOG1306)
that aimed to confirm the non-inferiority of perioperative GD to AI
for localised high-risk STS in the extremities or trunk [15].

METHODS
Patients
JCOG1306 was a multicentre two-arm open-label randomised phase II/III
trial. The definition of localised high-risk STS was high-grade tumours that
were >5 cm and deeply located beyond the investing fascia, tumours with
lymph node metastasis, or recurrent tumours. The major inclusion criteria
were (1) histologically proven STS based on the 2013 World Health
Organisation classification subtypes [16] and Grade 2–3 according to the
Federation Nationale des Centers de Lutte Contre le Cancer system [17]:
undifferentiated pleomorphic sarcoma (UPS), fibrosarcoma, myxofibrosar-
coma, leiomyosarcoma, synovial sarcoma, liposarcoma, pleomorphic
rhabdomyosarcoma, malignant peripheral nerve sheath tumour, angiosar-
coma, or unclassified sarcoma; (2) primary tumour classified as T2bN0M0 or
anyTN1M0 (American Joint Committee on Cancer, 7th edition) [18]; (3) no
metastasis for recurrent tumours; (4) resectable tumours in the extremities
or trunk; (5) age of 20–70 years; (6) Eastern Cooperative Oncology Group
performance status of 0–1; (7) no history of chemotherapy or radiotherapy;
and (8) sufficient bone marrow function (neutrophils: ≥1500/µL, platelets:
≥100,000/µL, and haemoglobin: ≥8.0 g/dL), renal function (creatinine:
≤1.5 mg/dL), and hepatic function (total bilirubin: ≤1.5 mg/dL and
transaminases: ≤100 IU/L). Patients were also required to have normal
electrocardiography findings (or at least no changes requiring treatment)
and no signs of interstitial pneumonitis or severe emphysema by chest
computed tomography (CT). The histological classification was based on a
central review of the biopsy specimens by the BSTTSG Central Pathologic
Committee (three pathologists who specialise in STS).
The major exclusion criteria were (1) synchronous or metachronous

malignancies; (2) active infection requiring systemic therapy; (3) systemic

steroid treatment; (4) unstable angina or history of myocardial infarction;
and (5) poorly controlled diabetes mellitus. Other inclusion and exclusion
criteria are described in the Supplemental Appendix.
All patients provided written informed consent before enrolment. The

JCOG1306 protocol was approved by the participating institutional review
boards.

Randomisation and masking
Patients were randomly assigned (1:1) to receive AI or GD treatment using
a minimisation method for balancing institution, recurrence status (primary
vs. recurrence), and tumour location (extremities vs. trunk). The
randomisation procedure was performed centrally by the JCOG Data
Centre and the treatment allocation was performed after patients
completed an online registration process. Masking of the treatment
allocation was not possible because of the clear differences in the
treatment schedules and toxicities.

Procedure
The protocol treatments involved three courses of preoperative che-
motherapy, surgery, and two courses of postoperative chemotherapy. The
AI regimen involved ADM (30mg/m2/day, 2-h intravenous infusions on
days 1–2) and IFM (2 g/m2/day, 4-h intravenous infusions on days 1–5). The
GD regimen involved GEM (900mg/m2/day, 30-min intravenous infusions
on day 1 and day 8) and DOC (70 mg/m2/day, 1-h intravenous infusion on
day 8). The assigned chemotherapy regimen was repeated every 3 weeks.
The surgical technique aimed to provide wide or marginal surgical

margins. When the surgical margin was considered insufficient, radio-
therapy was performed after the protocol treatment at the discretion of
the treating physicians. Primary prophylaxis using granulocyte colony-
stimulating factor was not allowed, although secondary prophylaxis was
provided for all subsequent courses if a patient developed Grade 4
leukopenia or neutropenia that lasted for ≥5 days.
Adverse events were assessed according to the National Cancer Institute

Common Terminology Criteria for Adverse Events version 4.0. Each
chemotherapy course was started when all per-protocol criteria regarding
haematological and non-haematological adverse events were satisfied
(Supplemental Appendix). The radiological response to preoperative
chemotherapy was evaluated using magnetic resonance imaging (MRI)
after the last course of the preoperative chemotherapy according to the
Response Evaluation Criteria in Solid Tumors (RECIST) version 1.1 [19]. The
histological response was also evaluated using the surgical specimen as
previously described [10]. Based on tumour necrosis in the resected
specimen, response was histologically classified as Grade 1 (<50% of the
tumour), Grade 2 (50–90% necrosis), Grade 3 (>90% necrosis), and Grade 4
(no viable tumour cells). For the present study, a histological response was
categorised as Grades 3–4. Disease status was monitored every 3 months
for ≥5 years after completing patient accrual. Chest CT or radiography was
performed every 3 months, and chest CT or MRI was performed every
6 months. Local MRI was strongly recommended every 3 months for all
patients.
After the completion of the protocol treatment, no additional therapy

was allowed until the patient experienced local recurrence and/or distant
metastasis, except in cases that involved radiotherapy because of
insufficient surgical margins. No treatment restrictions were imposed after
disease progression.

Outcomes
The phase II primary endpoint was defined as the proportion of the GD
group that completed preoperative chemotherapy without disease
progression (i.e. completed three courses of preoperative GD chemother-
apy with a RECIST response of complete response, partial response, or
stable disease). The phase III primary endpoint was OS, and the secondary
endpoints were PFS, radiological and histological response, limb preserva-
tion, disease control, and toxicities. The OS was calculated from
randomisation to death because of any cause, and the PFS was calculated
from randomisation to the first instance of disease progression or death
because of any cause. Radiological response was evaluated according to
RECIST, and histological response was evaluated by the proportion of
viable tumour cells in the resected specimen after preoperative
chemotherapy. For histological response rates, patients who did not
undergo surgery were included in the denominator. Limb preservation was
defined as the proportion of patients who were able to preserve limb after
surgery among all patients with tumours in the extremities. Disease control
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was evaluated as the proportion of CR, PR, or SD after all registered
patients received preoperative chemotherapy.

Statistical analysis
The trial aimed to evaluate the efficacy and safety of perioperative GD
chemotherapy in the phase II part and to confirm the non-inferiority of GD
to AI in terms of OS in the phase III part. No clinical trial had evaluated
perioperative GD for localised STS at the start of the present study, which
suggested that a phase II trial was prudent to determine whether
perioperative GD should be evaluated in the confirmatory phase III trial.
Thus, we selected a phase II/III design.
The planned phase II sample size was 28 patients in the GD group, which

was calculated based on an expected value of 85% and a threshold of 65%
for the proportion of patients to complete preoperative chemotherapy
without disease progression, with one-sided alpha of 10% and power of
80%. The planned phase III sample size was set at 140 patients (70 patients
in each group) to observe the required number of events of 33 based on
Schoenfeld and Richter’s method [20] with enrolment of 6 years, follow-up
of 3 years, power of 70%, and non-inferiority margin for hazard ratio (HR)
of 1.61, expecting 3-year OS of 85% in AI group and that of 87% in GD
group. The significant level (one-sided) was set at 10% in consideration of
the rarity of STS.
Two interim analyses were planned. The first interim analysis (i.e.,

analysis of phase II part) was conducted after phase II accrual of 28 patients
in the GD group to determine whether to proceed to the phase III part. The
second interim analysis was conducted after the patient accrual and
protocol treatments had been completed. The Lan–DeMets method with
the O’Brien and Fleming alpha spending function was used to adjust the
multiplicity of the tests in the second interim analysis and primary analysis
to keep the one-sided alpha of 10% throughout the trial [21]. Details of the
stopping guideline are described in the Supplemental Appendix. The JCOG
Data and Safety Monitoring Committee (DSMC) independently reviewed
the interim analysis reports, and in-house monitoring was performed every
6 months by the JCOG Data Center.
In the phase II part, the proportion of completing preoperative

chemotherapy without disease progression in the GD group and 80%
confidence interval (CI) were estimated. The CI was calculated using exact
method based on binomial distributions. In the phase III part, data from all
randomly assigned patients were analysed for OS and PFS on an intention-
to-treat basis. The HR and CI for OS were estimated using a Cox
proportional hazard model stratified according to recurrence status
(primary vs. recurrence) and tumour location (extremities vs. trunk).

Although a stratified analysis above had been prespecified for the primary
analysis for OS in the protocol, we noticed that one of four strata had no
OS event under masked conditions at the second interim analysis. Thus, we
conducted the unstratified analysis to estimate HR at the second interim
analysis according to the statistical analysis plan, which was prepared
under masked conditions before the confirmatory analysis with compar-
ison between groups. The HR and 95% CI for PFS were estimated using an
unstratified Cox proportional hazard model. OS and RFS were estimated
using the Kaplan–Meier method. The radiological response rate, histolo-
gical response rate, disease control rate, and 95% CIs were estimated in
each group. The CIs were calculated using exact method based on
binomial distributions. Safety was assessed on a per-protocol basis. All
statistical analyses were conducted by the JCOG Data Center using SAS
software, version 9.4. The trial protocol was also registered in the Japan
Registry of Clinical Trials (jRCTs031180003).

RESULTS
Between February 17, 2014 and September 28, 2018, 143 patients
were enrolled (AI group: 70 patients, GD group: 73 patients)
(Fig. 1). Four patients in the AI group were deemed ineligible
because of metastasis at presentation (two patients), a Grade 1
tumour (one patient), and expired eligibility data (one patient).
Three patients in the GD group were deemed ineligible because of
metastasis at presentation (two patients) and mandatory open
biopsy was not performed (one patient). However, these patients
received the assigned treatments and were included in the
intention-to-treat analysis.
The patients’ basic characteristics are summarised in Table 1.

Most characteristics were balanced between the two treatment
groups, although imbalances were observed in terms of tumour
grade and clinical stage. Grade 2 tumours were observed for 48
patients in the AI group and 37 patients in the GD group, while
Grade 3 tumours were observed for 22 patients in the AI group
and 36 patients in the GD group. Clinical stage IIB was assigned for
44 patients in the AI group and 35 patients in the GD group, while
stage III was assigned for 24 patients in the AI group and
36 patients in the GD group. Imbalances were also observed for
some histological subtypes, including liposarcoma, UPS, and
leiomyosarcoma.

143 patients enrolled and randomised

2 metastasis at
presentation

2 metastasis at
presentation

1 open biopsy not
   performed

1 did not undergo
   surgery on schedule

1 grade 1 tumour

6 disease progression
18 disease progression

12 toxicity
11 toxicity

1 prioritised radiation

1 expired eligibility
   data

2 cessation due to
   ineligibility

1 cessation due to
   ineligibility

70 assigned to AI

49 completed allocated
treatment

70 included in the intention-
to-treat analysis

73 included in the intention-
to-treat analysis

First 28 included in the first
interim analysis

42 completed allocated
treatment

70 included in the safety analysis 73 included in the safety analysis

4 ineligible:

21 did not complete
31 did not complete

allocated treatment:
allocated treatment:

3 ineligible:

73 assigned to GD

Fig. 1 CONSORT diagram.
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The first interim analysis was performed on April 15, 2016 (28
patients in the GD group had completed preoperative chemother-
apy). The RECIST responses were stable disease for 22 patients,
progressive disease for five patients, and not evaluable for one
patient. All 22 patients who achieved stable disease completed
three courses of preoperative chemotherapy. The proportion of
completing preoperative chemotherapy without disease progres-
sion (phase II primary endpoint) in the GD group was 78.6% (22/28
patients; 80% CI: 65.4–88.3%), which exceeded the prespecified
threshold of 65%. Thus, the JCOG DSMC allowed us to proceed
with the phase III part of the study.
After the completion of patient accrual, the second interim

analysis was performed on December 14, 2019 with a data cut-off
on May 23, 2019. The median follow-up at that point was 2.3 years
(IQR: 1.6–3.6 years), and death occurred in four patients in the AI
group and 10 patients in the GD group. The median OS was not
reached in either treatment group and the 3-year OSs were 91.4%
in the AI group (95% CI: 78.1–96.7%) and 79.2% in the GD group
(95% CI: 64.0–88.5%). Because the point estimate for HR exceeded
the non-inferiority margin (HR: 2.55, 97.7% CI: 0.67–9.78, p= 0.78
for non-inferiority hypothesis) (95% CI: 0.80–8.14) (Fig. 2a), the
JCOG DSMC recommended early study termination.
Although there were no significant differences in OS between

the AI and GD groups according to histological grade and clinical
stage, sensitivity analysis was performed to evaluate the influence
of the imbalance regarding stage IIB and stage III disease. In the
unstratified Cox regression analysis using clinical stage (IA to IIB
for primary vs. III or IV for primary vs. recurrence) and treatment
arm as covariates, the HR for poor OS was 2.08 (95% CI: 0.53–8.13),
which also exceeded the non-inferiority margin.
Disease progression was observed for 14 patients in the AI

group and 29 patients in the GD group. The median PFS was not
reached in the AI group and was 4.4 years in the GD group (95%
CI: 2.3 years–not reached). The 3-year PFS were 79.1% in the AI
group (95% CI: 65.5–87.8%) and 59.1% in the GD group (95% CI:
45.3–70.5%). The likelihood of PFS was significantly poorer in the
GD group (HR: 2.32, 95% CI: 1.22–4.39) (Fig. 2b). Detailed

information was available for 42/43 patients who experienced
progression. Local recurrence was noted for 3/70 patients (4.3%) in
the AI group and for 6/73 patients (8.2%) in the GD group. Distant
metastases were observed for 12 patients in the AI group and 23
patients in the GD group. The most frequent metastatic site was
the lungs (nine patients in the AI group and 18 patients in the GD
group).
Radiological response was assessed for 143 patients. In the AI

group, the RECIST responses were partial response for one patient,
stable disease for 59 patients, and progressive disease for six
patients. In the GD group, the responses were partial response for
three patients, stable disease for 54 patients, and progressive
disease for 15 patients. No significant difference in the response
rate was observed when we compared the AI group (1.4%, 95% CI:
0.04–7.7%) and the GD group (4.1%, 95% CI: 0.9–11.5%).
Surgical resection was performed in 129 patients (63 patients in

the AI group and 66 patients in the GD group). Surgical margin was
assessed as R0 for 56 patients in the AI group and 61 patients in the
GD group, and as R1 for six patients in the AI group and three
patients in the GD group. There was no significant difference in OS
between both groups in terms of the histological margin status.
Histological response was assessed for 129 patients who

underwent surgery. Complete response (Grade 4) was observed
for two patients in the GD group, Grade 3 response was observed
for six patients in each treatment arm, and Grade 2 response was
observed for 15 patients in each treatment group. Grade 1
response was observed for 41 patients in the AI group and 42
patients in the GD group (Table 2). The histological response rates
were 8.6% in the AI group (6/70 patients, 95% CI: 3.2–17.7%) and
11.0% in the GD group (8/73 patients, 95% CI: 4.9–20.5%),
although this difference was not significant.
Radiotherapy was administered as post-protocol treatment,

when the surgical margin was considered insufficient at the
discretion of the attending physician, to 19/143 patients (13.3%),
including eight patients (7.3%) in the AI group and 11 patients
(15.1%) in the GD group. There was no significant difference in OS
between the AI and GD groups in terms of radiation therapy.

Table 1. Patient characteristics.

AI (n= 70) GD (n= 73)

Age in years, median (IQR; range) 55.5 (46–62; 25–70) 54.0 (43–61; 24–70)

Sex (male/female) 39 (56%)/31 (44%) 42 (58%)/31 (42%)

ECOG performance status (0/1) 60 (86%)/10 (14%) 62 (85%)/11 (15%)

Histological subtype

Liposarcoma 21 (30%) 16 (22%)

Myxoid liposarcoma 11 (16%) 7 (10%)

Dedifferentiated liposarcoma 7 (10%) 7 (10%)

Pleomorphic liposarcoma 3 (4%) 2 (3%)

Undifferentiated pleomorphic sarcoma 13 (19%) 22 (30%)

Synovial sarcoma 11 (16%) 9 (12%)

Myxofibrosarcoma 9 (13%) 9 (12%)

Leiomyosarcoma 3 (4%) 7 (10%)

Others 13 (19%) 10 (14%)

Site (extremity/trunk) 62 (89%)/8 (11%) 61 (84%)/12 (16%)

Tumour status (primary/recurrent) 69 (99%)/1 (1%) 70 (96%)/3 (4%)

Lymph node (N0/N1) 68 (97%)/2 (3%) 71 (97%)/2 (3%)

Tumour size in cm, median (IQR; range) 9.0 (6.6–12.6; 5.0–26.5) 10.2 (7.5–12.1; 3.7–32.0)

Histological grade (2/3) 48 (69%)/22 (31%) 37 (51%)/36 (49%)

AJCC Stage (IIB/III/IV) 44 (63%)/24 (34%)/2 (3%) 35 (48%)/36 (49%)/2 (3%)

Data are n (%) unless noted otherwise.
AI Adriamycin plus ifosfamide, GD gemcitabine plus docetaxel, AJCC American Join Committee on Cancer, ECOG Eastern Cooperative Group.
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Furthermore, pre-planned exploratory subgroup analyses were
also performed. There were no significant differences in OS
between both treatment groups according to age, sex, perfor-
mance status, tumour location, tumour size, histological subtype,
histological grade, and clinical stage.
The haematological and non-haematological adverse events

during the preoperative chemotherapy are shown in Table 3. No
treatment-related deaths were observed. Among the 142 patients
who underwent preoperative chemotherapy (69 patients in the AI
group and 73 patients in the GD group), the most frequent Grade
3–4 adverse events were any haematological toxicities (64/69
patients [92.8%] in the AI group vs. 60/73 patients [82.2%] in the
GD group), neutropenia (61/69 patients [88.4%] vs. 58/73 patients
[79.5%]), leukopenia (60/69 patients [87.0%] vs. 50/73 patients
[68.5%]), anaemia (34/69 patients [49.3%] vs. 4/73 patients [5.5%]),
and thrombocytopenia (7/69 patients [10.1%] vs. 4/73 patients

[5.5%]). Febrile neutropenia was also a frequent event (25/69
patients [36.2%] vs. 13/73 patients [17.8%]).
Among the 98 patients who underwent postoperative che-

motherapy (53 patients in the AI group and 45 patients in the GD
group), the most frequent Grade 3–4 adverse events were also any
haematological toxicities (45/53 patients [84.9%] in the AI group
vs. 34/45 patients [75.6%] in the GD group), neutropenia (43/53
patients [81.1%] vs. 33/45 patients [73.3%]), leukopenia (45/53
patients [84.9%] vs. 30/45 patients [66.7%]), anaemia (7/53
patients [13.2%] vs. 0/45 patients [0%]), and thrombocytopenia
(23/53 patients [43.4%] vs. 2/45 patients [4.4%]). Febrile neutro-
penia was less common during postoperative chemotherapy (7/53
patients [13.2%] vs. 2/45 patients [4.4%]) (Table 4).

DISCUSSION
The phase II/III trial, JCOG1306 aimed to confirm whether GD
chemotherapy was non-inferior to the standard AI chemotherapy
for patients with high-risk STS in the extremities or trunk. The
second interim analysis revealed that the HR in the GD group
exceeded the predetermined non-inferiority margin (HR > 1.61).
Furthermore, the PFS in the GD group was significantly inferior to
that in the AI group. Based on the methods of Spiegelhalter et al.
[22], the predictive probability that the final analysis would reveal
non-inferiority in the GD group was as low as 11.5%, and there
was a 71.5% chance that the HR in the GD group would exceed
the non-inferiority margin. Therefore, based on the recommenda-
tion from the JCOG DSMC, we decided to terminate the study
early and open the results.
To date, the ISG has shown that the addition of adjuvant

chemotherapy to surgery provides superior OS for patients with
STS [6]. The ISG also demonstrated that three preoperative courses
of EI was non-inferior to five perioperative courses of EI [9].
Moreover, the ISG-STS1001 trial revealed that preoperative EI
provided significantly better OS than histotype-tailored che-
motherapy [23]. The results from our AI group are comparable
to those from the ISG RCTs, which appears to confirm the efficacy
of perioperative chemotherapy using anthracycline plus IFM.
While ISG-STS1001 and JCOG1306 trials did not directly compare
perioperative chemotherapy and surgery, the results may suggest
that perioperative chemotherapy using a full-dose AI regimen
might provide a survival benefit for high-risk STS patients.
EORTC62931 enrolled patients with localised STS with no

restrictions according to site, depth, or size, but it failed to
confirm the superiority of adjuvant chemotherapy [7], which
suggests that the target for adjuvant chemotherapy of STS should
be limited. The three ISG RCTs [6, 9, 23] and the present study
used nearly identical inclusion criteria, which were high-grade
deeply located STS tumours that were >5 cm in the extremities
and trunk. Therefore, patients with these types of high-risk STS
might benefit from perioperative chemotherapy.
A new nomogram (the “Sarculator”) might also be useful for

identifying patients with high-risk STS who might benefit from
perioperative chemotherapy [24]. When high-risk STS cases from
the EORTC62931 trial were screened using the Sarculator,
subgroup analysis revealed that adjuvant chemotherapy was
associated with significant benefits in terms of OS and DFS [25].
Furthermore, the CINSARC signature has also been proposed for

Table 2. Histological response to preoperative chemotherapy.

Grade 1 Grade 2 Grade 3 Grade 4 NE Proportion of histological response

AI (n= 63) 41 15 6 0 1 8.6% (6/70) (95% CI: 3.2–17.7%)

GD (n= 66) 42 15 6 2 1 11.0% (8/73) (95% CI: 4.9–20.5%)

Data are n unless noted otherwise.
NE not evaluable, AI Adriamycin plus ifosfamide, GD gemcitabine plus docetaxel, CI confidence interval.
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Table 3. Adverse events during preoperative chemotherapy.

AI (n= 69)

Grade 1 Grade 2 Grade 3 Grade 4 %Grade 3–4

Haematological

Anaemia 12 20 29 5 49.3

Leukopenia 0 2 10 50 87.0

Neutropenia 0 2 4 57 88.4

Thrombocytopenia 33 13 5 2 10.1

Febrile neutropenia — — 25 0 36.2

Any haematological 2 1 7 57 92.8

Non-haematological

Aspartate aminotransferase increased 22 2 1 0 1.4

Alanine aminotransferase increased 30 3 3 0 4.3

Creatinine decreased 2 0 0 0 0

Fatigue 17 6 3 — 4.3

Oedema 5 0 0 — 0

Diarrhoea 3 0 1 0 1.4

Haematuria 5 0 1 0 1.4

Oral mucositis 9 3 3 0 4.3

Pneumonitis 1 0 0 0 0

Fever 18 7 0 0 0

Leukoencephalopathy 0 1 1 0 1.4

Palmar-plantar erythrodysesthesia 0 0 0 — 0

Skin hyperpigmentation 0 0 — — —

Vomiting 14 4 2 0 2.9

Anorexia 30 14 3 0 4.3

Blood bilirubin increased 4 1 0 0 0

Any infection 0 3 1 0 1.4

Any cardiac disorders 1 0 0 0 0

Any neural disorders 4 1 0 0 0

Any electrolyte abnormalities 39 1 4 0 5.8
GD (n= 73)

Grade 1 Grade 2 Grade 3 Grade 4 %Grade 3–4

Haematological

Anaemia 36 21 4 0 5.5

Leukopenia 2 9 44 6 68.5

Neutropenia 2 5 12 46 79.5

Thrombocytopenia 40 5 3 1 5.5

Febrile neutropenia — — 13 0 17.8

Any haematological 2 8 13 47 82.2

Non-haematological

Aspartate aminotransferase increased 33 3 2 0 2.7

Alanine aminotransferase increased 26 11 7 0 9.6

Creatinine decreased 6 0 0 0 0

Fatigue 20 9 1 — 1.4

Oedema 3 1 0 — 0

Diarrhoea 6 3 1 0 1.4

Haematuria 2 0 0 0 0

Oral mucositis 4 2 1 0 1.4

Pneumonitis 2 2 2 0 2.7

Fever 21 5 0 0 0

Leukoencephalopathy 0 0 0 0 0

Palmar-plantar erythrodysesthesia 1 1 0 — 0
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predicting the prognosis of cancer patients based on their
tumour’s gene expression profile [26], and an ongoing RCT is
evaluating 3 vs. 6 courses of AI chemotherapy for high-risk STS
that is identified based on the CINSARC signature [27]. Our
findings also solidify the status of the standard AI regimen as the
preferred perioperative chemotherapy for high-risk STS. Never-
theless, further studies may be needed to refine the definition of
“high-risk STS” and clarify which patients will experience the
greatest survival benefit from perioperative chemotherapy.
Most evidence regarding GD chemotherapy has been based on

studies of advanced STS, and we are only aware of two trials that
have evaluated the GD regimen as perioperative chemotherapy
for STS. ISG-STS1001 evaluated the GD regimen as one of five
experimental treatments for 97 patients with UPS. The GD
regimen from that study (GEM at 900 mg/m2 and DOC at
75mg/m2) was nearly identical to the regimen used in our study.
The subgroup analysis of UPS in ISG-STS1001 revealed that there
were no significant differences in OS and DFS between the
standard EI and GD groups [23]. A randomised phase II trial
(UMMC-2004.010) also compared the AI and GD regimens for
localised high-risk STS, which revealed a significantly better 4-year
DFS in the GD group (69 vs. 50%, p= 0.032) and a non-
significantly better 4-year OS in the GD group (73 vs. 68%,
p= 0.928) [14]. The dose of DOC in the UMMC-2004.010 trial
(100 mg/m2) was noticeably higher than the dose in our trial
(70 mg/m2), which was determined based on the results from a
feasibility study that evaluated Japanese patients with STS [28].
Many previous trials involving the GD regimen used the higher
DOC dose (100 mg/m2) [13], although a recent phase III study (the
GeDDiS trial) evaluated patients with advanced STS who received
ADM alone or the GD regimen with a lower dose of DOC (GEM at
675mg/m2 and DOC at 75 mg/m2) [29]. That dose was selected
because Maki et al. found that 46% of their patients required a
dose reduction from GEM at 900 mg/m2 and DOC at 100 mg/m2,
and that ≥40% of the patients who received a reduced dose
subsequently stopped GD treatment because of haematological
toxicities [13]. Thus, a reduced-dose GD regimen was used in the
GeDDiS trial, although the results in that GD group were similar to
those reported by Maki et al. [25]. Similar to these results for
advanced STS, comparable OS was observed after GD treatment
for localised STS in UMMC-2004.010 and JCOG1306 (4-year OS: 73
vs. 73.5%).
Interestingly, the efficacy in the AI group of UMMC-2004.010

was noticeably lower than in our study (4-year OS: 68 vs. 91.3%).
Furthermore, our previous trial (JCOG0304), which evaluated very
similar subjects, revealed a 4-year OS of 82.6% in the AI group [10].
Moreover, standard EI treatment in ISG-STS1001 provided an OS
rate of 76% at 60 months [23]. Thus, the results in our AI group
were comparable to those in previous reports. Nevertheless, the

IFM doses were 7.5 g/m2 in the UMMC-2004.010 trial, 9 g/m2 in the
ISG studies, and 10 g/m2 in the JCOG studies. These differences in
the IFM dose may have affected the outcomes in the AI groups
from the different studies.
Other differences between our study and the UMMC-2004.010

trial were that the tumour location was not limited to the
extremities and trunk, patients received four chemotherapy
courses, treatment was administered as postoperative chemother-
apy for approximately 30% of the patients, and radiotherapy was
performed for most patients (89%). Furthermore, fixed-dose rate
administration of GEM, which was used in most previous studies
including UMMC-2004.010, was not used in JCOG1306 since the
method was not allowed by insurance in Japan. It is unclear what
factors influence the differences in the results between our study
and UMMC-2004.010, and a comparative analysis is needed using
participant-level data.
In the present study, histological response was evaluated based

on tumour necrosis in the resected specimen. However, there are
no validated criteria for evaluating histological response in STS,
and the prognostic significance of histological response to
chemotherapy remains controversial. Recently, we attempted to
establish a standardised evaluation method of histological
response to preoperative chemotherapy with high agreement
scores among pathologists using specimens from the patients
who are registered in JCOG0304 [10]. In the ancillary study,
JCOG0304-A1, the tumour cells displaying cellular swelling,
nuclear swelling, increased eosinophilia of cytoplasm, or slight
vacuolation were defined as viable. Those displaying any evidence
of pyknosis, karyorrhexis, karyolysis, severe vacuolation, or loss of
nuclear staining were defined as non-viable. The results demon-
strated a substantial agreement in the weighted κ score of 0.71
among six pathologists who specialise in STS [30]. We are
currently carrying out a validation study of this method using
the resected specimens from JCOG1306. Further investigation is
needed to establish a consensus in the evaluation method of
histological response to preoperative chemotherapy in STS.
This study had several limitations. First, there were imbalances

in the histological subtypes, as UPS and leiomyosarcoma were
more common in the GD group, while liposarcoma, especially
myxoid subtype, was more common in the AI group. When the
pre-planned exploratory subgroup analyses were performed, no
significant difference in OS was observed between the treatment
groups according to the histological subtype. As GD is considered
highly effective for leiomyosarcoma [31], the higher number of
patients with leiomyosarcoma in the GD group might have helped
favour the GD outcomes, although it is also possible that the
differences between the treatment arms were also influenced by
the imbalanced histological subtypes. Second, there were
imbalances in the histological grades, as the GD group had a

Table 3. continued

GD (n= 73)

Grade 1 Grade 2 Grade 3 Grade 4 %Grade 3–4

Skin hyperpigmentation 0 0 — — —

Vomiting 5 0 0 0 0

Anorexia 15 8 1 0 1.4

Blood bilirubin increased 7 1 0 0 0

Any infection 0 1 1 0 1.4

Any cardiac disorders 0 1 0 0 0

Any neural disorders 2 0 0 0 0

Any electrolyte abnormalities 24 1 2 0 2.7

Data are n unless noted otherwise.
AI Adriamycin plus ifosfamide, GD gemcitabine plus docetaxel.
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Table 4. Adverse events during postoperative chemotherapy.

AI (n= 53)

Grade 1 Grade 2 Grade 3 Grade 4 %Grade 3–4

Haematological

Anaemia 14 27 7 0 13.2

Leukopenia 0 4 5 40 84.9

Neutropenia 3 3 1 42 81.1

Thrombocytopenia 16 10 16 7 43.4

Febrile neutropenia — — 7 0 13.2

Any haematological 1 5 3 42 84.9

Non-haematological

Aspartate aminotransferase increased 13 1 0 0 0

Alanine aminotransferase increased 16 2 1 0 1.9

Creatinine decreased 3 0 0 0 0

Fatigue 11 7 0 — 0

Oedema 1 1 0 — 0

Diarrhoea 0 0 1 0 1.9

Haematuria 2 0 0 0 0

Oral mucositis 1 0 1 0 1.9

Pneumonitis 0 0 0 0 0

Fever 8 3 1 0 1.9

Leukoencephalopathy 0 0 0 0 0

Palmar-plantar erythrodysesthesia 0 0 0 — 0

Skin hyperpigmentation 1 0 — — —

Vomiting 4 0 0 0 0

Anorexia 14 10 0 0 0

Blood bilirubin increased 0 0 0 0 0

Any infection 0 0 3 0 5.7

Any cardiac disorders 0 0 0 0 0

Any neural disorders 2 1 0 0 0

Any electrolyte abnormalities 23 1 3 0 5.7
GD (n= 45)

Grade 1 Grade 2 Grade 3 Grade 4 %Grade 3–4

Haematological

Anaemia 23 13 0 0 0

Leukopenia 3 3 27 3 66.7

Neutropenia 2 3 7 26 73.3

Thrombocytopenia 21 7 2 0 4.4

Febrile neutropenia — — 2 0 4.4

Any haematological 3 4 8 26 75.6

Non-haematological

Aspartate aminotransferase increased 15 2 0 0 0

Alanine aminotransferase increased 14 6 0 0 0

Creatinine decreased 1 0 0 0 0

Fatigue 11 1 0 — 0

Oedema 4 1 0 — 0

Diarrhoea 1 0 0 0 0

Haematuria 0 0 0 0 0

Oral mucositis 2 0 0 0 0

Pneumonitis 0 0 0 0 0

Fever 12 0 0 0 0

Leukoencephalopathy 0 0 0 0 0

Palmar-plantar erythrodysesthesia 0 1 0 — 0
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larger number of patients with Grade 3 tumours (36 patients vs. 22
patients) and a larger number of patients with stage III disease (36
patients vs. 24 patients). There were no significant differences in
OS between the AI and GD groups according to histological grade
and clinical stage. Moreover, when the sensitivity analysis was
performed to evaluate whether these imbalances influenced
survival, the conclusion was not changed after Cox regression
analysis (not stratified according to stage and treatment arm), as
the HR of 2.08 still exceeded the non-inferiority margin (HR: 1.61).
However, it is noteworthy that Grade 3 tumours were associated
with a greater HR (2.641) than Grade 2 tumours (HR: 1.379), which
suggested that AI chemotherapy might be more beneficial for
Grade 3 tumours. Third, the results were based on the second
interim analysis with a median follow-up period of only 2.4 years,
which highlights the need for observation until the final analysis.
Fourth, the rarity of STS limited the sample size to 143 patients,
which may limit the power of the analyses.
In conclusion, although the GD regimen had milder toxicity

than the AI regimen, its non-inferiority could not be confirmed.
Therefore, it appears that the GD regimen, as administered in
JCOG1306, should not be considered a standard treatment of
perioperative chemotherapy for high-risk STS in the extremities
and trunk.
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