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Simple Summary: The SAINT study is an early-stage clinical trial based on the hypothesis that
immunotherapy is more effective when given earlier in the course of the disease in patients with
advanced soft tissue sarcoma. It consists of two parts. Phase I aims to determine the maximum
acceptable dose of a cancer drug known as trabectedin when combined with two immunotherapy
drugs, ipilimumab and nivolumab, in previously treated patients with soft tissue sarcoma. Phase II of
the study aims to determine if the combination of ipilimumab, nivolumab and trabectedin improves
tumor control and survival of previously untreated patients with advanced soft tissue sarcoma.

Abstract: Background: This Phase 1/2 study is based on the hypothesis that immune checkpoint
inhibitors are more effective when given earlier in the course of the disease for advanced soft tissue
sarcoma. Methods: Phase I endpoints—maximum tolerated dose in previously treated patients; Phase
II endpoints—best response, progression free survival and overall survival and incidence of adverse
events in previously untreated patients; Phase I treatments—escalating doses of trabectedin (1.0, 1.2,
1.5 mg/m2) as continuous intravenous infusion over 24 h every 3 weeks, 1 mg/kg of ipilimumab
given intravenously every 12 weeks, and 3 mg/kg of nivolumab given intravenously every 2 weeks;
Phase II treatments—maximum tolerated dose of trabectedin and defined doses of ipilimumab and
nivolumab. Results: Phase I (n = 9)—the maximum tolerated dose of trabectedin was 1.2 mg/m2;
Phase II (n = 79)—6 complete responses, 14 partial responses, 49 stable disease, 25.3% best response
rate, 87.3% disease control rate; median progression-free survival, 6.7 months (CI 95%: 4.4–7.9),
median overall survival, 24.6 months (CI 95%: 17.0–.); Grade 3/4 therapy-related adverse events
(n = 92)—increased ALT (25%), fatigue (8.7%), increased AST (8.7%), decreased neutrophil count
(5.4%) and anemia (4.6%). Conclusion: SAINT is a safe and effective first-line treatment for advanced
soft tissue sarcoma.

Keywords: immune checkpoint inhibitor; alkylating agent; soft tissue sarcoma; immunotherapy;
chemotherapy; ipilimumab; nivolumab and trabectedin

1. Introduction

Advanced soft-tissue sarcoma (STS) is associated with a poor prognosis, and treatment
options are limited to anthracycline-based chemotherapy, i.e., doxorubicin, administered
alone or in combination with alkylating agents (ifosfamide and/or dacarbazine) [1]. Studies
from the last 32 years indicate an estimated median survival of 8 to 13 months for first-line
treatment [2–4] and 2 to 6.6 months for second-line treatment [1].
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In 2014, Judson et al. [5] reported on the best results from a phase III randomized
multicenter study comparing treatment outcome parameters and the incidence of adverse
events in 455 STS patients who received doxorubicin alone or doxorubicin and ifosfamide.
There was no significant difference in overall survival (OS) between the groups (median OS
12.8 months in the doxorubicin group vs. 14.3 months in the doxorubicin and ifosfamide
group). However, median progression-free survival (PFS) was significantly longer for the
doxorubicin and ifosfamide group (7.4 months) than for the doxorubicin group (4.6 months),
and overall response (OR) was greater in the doxorubicin and ifosfamide group vs. the
doxorubicin group (26% vs. 14%, respectively). More Grade 3 or greater treatment-related
adverse events (TRAEs) were reported in the doxorubicin plus ifosfamide group compared
with the doxorubicin alone group.

In 2018, Nagar [6] described real-world treatment patterns and outcomes for patients
with advanced STS not amenable to surgery or radiotherapy in the United Kingdom, Spain,
Germany, and France. In 807 patients, the most common first-line regimens were doxoru-
bicin alone (41%), doxorubicin plus ifosfamide (19%), docetaxel plus gemcitabine (9%),
paclitaxel alone (4%), and ifosfamide (4%). The median OS was 17.6 months. The authors
concluded that new therapies that improve OS in advanced STS are needed. Recently,
several agents received approval for the treatment of advanced STS, including pazopanib,
trabectedin and eribulin [7–9]. Although these agents have marginally improved PFS and
OS, they rarely resulted in a full cure [10,11].

Global collaboration remains key to confirming concepts in controlled, randomized
clinical trials, and molecular profiling may likely form the basis of standard treatments
in the near future [12]. However, inventions arise from thinking “outside the box” and
these ideas could be tested in single center studies before further evaluation in multicenter,
controlled, randomized clinical studies.

In recent years, the use of immune checkpoint inhibitors (ICIs) in advanced sarcoma
has gained increasing popularity in the medical and scientific community [13,14]. Immune
checkpoint inhibitors are approved by the United States Food and Drug Administration
(USFDA) for the treatment of various clinical indications other than STS. They include
ipilimumab, a human cytotoxic T-lymphocyte antigen 4 (CTLA-4)-blocking antibody for
unresectable or metastatic melanoma and as adjuvant therapy for cutaneous melanoma [15].
Nivolumab is a programmed death receptor-1 (PD-1) blocking antibody approved for
several indications in solid tumors and hematologic malignancies [16]. Trabectedin is
a marine-derived alkaloid indicated for treatment of anthracycline-resistant advanced
liposarcoma (LPS) or leiomyosarcoma (LMS) [17]. Trabectedin not only destroys cancer
cells and exposes the tumor neoantigens for immune recognition, but also destroys growth
promoting M2 macrophages in the tumor microenvironment [13].

The aim of SAINT (A phase I/expanded phase II study using safe amounts of ipilimumab,
nivolumab and trabectedin as first-line therapy for soft tissue sarcoma (NCT03138161)) is
to determine if this combination regimen is a safe and effective first-line treatment for ad-
vanced STS. The guiding hypothesis is that sarcoma cells are most immunogenic earlier in
the course of the disease before cancer immunoediting occurs [18]. Figure 1 is a graphic
illustration of the mechanisms of action of ipilimumab, nivolumab and trabectedin in the
tumor microenvironment.



Cancers 2023, 15, 906 3 of 12Cancers 2023, 15, 906 3 of 12 
 

 

 

Figure 1. Graphic illustration of the mechanism of action of Ipilimumab, Nivolumab and Trabecte-

din in the tumor microenvironment. Ipilimumab (I) blocks the CTLA 4 receptor and nivolumab (N) 

blocks the PD-1 receptor on T cells which then block the PD1- PD-L1 interaction on tumor cells. 

Trabectedin (T) not only kills cancer cells but depletes the tumor microenvironment of growth pro-

moting or M2 macrophages. The combined effect of these three drugs is sustained T cell activation, 

resulting in tumor lysis, inhibition of tumor growth or tumor eradication. 

2. Materials and Methods 

The primary objective is to evaluate the safety, dose-limiting toxicity (DLT), and max-

imum tolerated dose (MTD) of trabectedin in combination with defined doses of ipili-

mumab and nivolumab using the cohort of three design [19]. The secondary objectives are 

to evaluate the best objective response by Response Evaluation Criteria in Solid Tumors 

(RECIST) v1.1 [20] via computerized tomography (CT) scan or magnetic resonance imag-

ing (MRI) at week 6 and every 6 weeks thereafter until end of treatment and to determine 

progression-free survival (PFS) at 6 months and overall survival (OS). The exploratory 

objectives are to correlate RECIST v1.1 with iRECIST [21], treatment outcome parameters 

with programmed death-1 (PD-1)/programmed death-ligand 1 (PD-L1) expression and 

other oncogenic drivers in patients’ archived tumors and to correlate absolute lymphocyte 

count with dexamethasone administration, which is given to prevent hepatotoxicity asso-

ciated with trabectedin. 

Patients of any gender who were 18 years old or older with a diagnosis of locally 

advanced unresectable or metastatic STS, confirmed histopathologically, and with at least 

one target lesion ≥1 cm were enrolled. Phase I of the study included previously treated 

patients, and Phase II enrolled previously untreated patients. The relevant inclusion cri-

teria included adequate hematologic and organ function, and a European Cooperative 

Oncology Group score (ECOG) of 0–1. The relevant exclusion criteria included previous 

treatment with an immune checkpoint inhibitor or history of an immune disorder. 

Study Design: Phase I of the study involved escalating doses of trabectedin using 

Storer’s cohort of three design [19] with the MTD as the highest dose level wherein only 

one patient developed DLT and with two patients having DLT at the next higher dose 

level. Dose escalation within groups was prohibited. Treatment consisted of escalating 

doses of trabectedin (1.0, 1.2, 1.5 mg/m2) as continuous intravenous infusion over 24 h 

every 3 weeks, ipilimumab at 1 mg/kg intravenously every 12 weeks and nivolumab at 3 

mg/kg intravenously every 2 weeks. 

For the Phase II of the study, an additional 70–90 untreated patients were given tra-

bectedin at the maximum tolerated dose and fixed doses of ipilimumab and nivolumab to 

Figure 1. Graphic illustration of the mechanism of action of Ipilimumab, Nivolumab and Trabectedin
in the tumor microenvironment. Ipilimumab (I) blocks the CTLA 4 receptor and nivolumab (N) blocks
the PD-1 receptor on T cells which then block the PD1- PD-L1 interaction on tumor cells. Trabectedin
(T) not only kills cancer cells but depletes the tumor microenvironment of growth promoting or M2
macrophages. The combined effect of these three drugs is sustained T cell activation, resulting in
tumor lysis, inhibition of tumor growth or tumor eradication.

2. Materials and Methods

The primary objective is to evaluate the safety, dose-limiting toxicity (DLT), and
maximum tolerated dose (MTD) of trabectedin in combination with defined doses of ipili-
mumab and nivolumab using the cohort of three design [19]. The secondary objectives are
to evaluate the best objective response by Response Evaluation Criteria in Solid Tumors
(RECIST) v1.1 [20] via computerized tomography (CT) scan or magnetic resonance imaging
(MRI) at week 6 and every 6 weeks thereafter until end of treatment and to determine
progression-free survival (PFS) at 6 months and overall survival (OS). The exploratory ob-
jectives are to correlate RECIST v1.1 with iRECIST [21], treatment outcome parameters with
programmed death-1 (PD-1)/programmed death-ligand 1 (PD-L1) expression and other
oncogenic drivers in patients’ archived tumors and to correlate absolute lymphocyte count
with dexamethasone administration, which is given to prevent hepatotoxicity associated
with trabectedin.

Patients of any gender who were 18 years old or older with a diagnosis of locally
advanced unresectable or metastatic STS, confirmed histopathologically, and with at least
one target lesion ≥1 cm were enrolled. Phase I of the study included previously treated
patients, and Phase II enrolled previously untreated patients. The relevant inclusion criteria
included adequate hematologic and organ function, and a European Cooperative Oncology
Group score (ECOG) of 0–1. The relevant exclusion criteria included previous treatment
with an immune checkpoint inhibitor or history of an immune disorder.

Study Design: Phase I of the study involved escalating doses of trabectedin using
Storer’s cohort of three design [19] with the MTD as the highest dose level wherein only
one patient developed DLT and with two patients having DLT at the next higher dose level.
Dose escalation within groups was prohibited. Treatment consisted of escalating doses
of trabectedin (1.0, 1.2, 1.5 mg/m2) as continuous intravenous infusion over 24 h every
3 weeks, ipilimumab at 1 mg/kg intravenously every 12 weeks and nivolumab at 3 mg/kg
intravenously every 2 weeks.

For the Phase II of the study, an additional 70–90 untreated patients were given tra-
bectedin at the maximum tolerated dose and fixed doses of ipilimumab and nivolumab
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to evaluate antitumor activity and safety of the SAINT regimen in a larger population of
advanced STS. The treatment was discontinued when clinical disease progression or signifi-
cant toxicity occurred. The clinical protocol allowed the principal investigator to determine
if surgical resection or biopsy of the tumor was appropriate after several treatment cycles.

Study Duration: The end of the study was defined as either the date of the last visit
of the last patient to complete the study or the date of receipt of the last data point from
the last patient that was required for primary, secondary, and/or exploratory analysis, as
pre-specified in the protocol.

Participant Duration: The treatment ended on the date when the patient received
the last dose of ipilimumab, nivolumab and trabectedin. All the patients who at the
end-of-study visit had at least one Grade 2 or higher AE or serious adverse events (SAE)
were followed for 30 days longer. The patients who completed the study period of one
year were placed in a follow-up group and contacted every 6 months to capture unex-
pected safety events, history of disease progression and to ascertain survival for up to
5 years. All consenting patients were followed for the duration of their survival after the
treatment ended.

Safety (DLT, MTD, incidence and severity of adverse events and significant laboratory
abnormalities) was the primary endpoint. A safety analysis was performed on all patients
who were treated with at least one dose of the study drugs. The incidence of all TRAEs
was based on NCI CTCAE v4.03 and was reported in tables according to the severity grade
and drug relatedness [22].

For ipilimumab, nivolumab and trabectedin exposure, the total number of doses for
each drug received was reported.

The efficacy endpoints, best overall response (BOR), disease control rate (DCR), and
PFS were determined by a local radiologic assessment using RECIST v1.1. After the end
of treatment, the patients were followed for overall survival every 12 weeks (±3 weeks),
or more frequently as needed, until death, withdrawal of consent, or the study closed,
whichever came first.

Statistical Considerations

A clinical study report was generated and updated once the last data point was
collected from the last patient that was required for primary, secondary, and/or exploratory
analysis, as pre-specified in the protocol.

Baseline Descriptive Statistics: Demographics, age, ethnicity, subtypes of sarcoma,
number of patients, patients with locally advanced or metastatic, resectable or unresectable
tumors, and ECOG scores are described using descriptive statistics.

Analysis of primary endpoint: The primary endpoint (MTD) was analyzed on the
Intention-to-Treat (ITT) in the Phase I of the study. The secondary endpoints were analyzed
on the Modified Intention-to-Treat (mITT) populations participating in the expanded Phase
II of the study. The ITT population consisted of all subjects who received at least one dose
of ipilimumab, nivolumab and trabectedin. The mITT population included all patients
who had completed the first cycle of ipilimumab, nivolumab and trabectedin, and had a
CT scan or MRI.

Analysis of Secondary Endpoints (Phase II of study): The RECIST v1.1 criteria [20]
were used to assess the best overall response (complete response (CR), partial response
(PR)), disease control (CR, PR, stable disease (SD)) or progressive disease (PD). The STATA
software was used to calculate OS and PFS. The time to event endpoints were summarized
descriptively using the Kaplan–Meier (KM) method [23]. The number of patients censored
on the cut-off-date and the number of events were provided. Kaplan–Meier estimates were
also presented graphically. Data visualization aids were prepared using Microsoft Excel.

Analysis of Exploratory Endpoints The analyses of the exploratory endpoints were
descriptive and hypothesis generating in nature.

Ethical Statement: This clinical trial was conducted in accordance with Good Clinical
Practice (GCP) as required by the International Council for Harmonisation (ICH) guide-
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lines and in accordance with local laws. The trial was granted approval by the Western
Institutional Review Board. All the patients signed the informed consent prior to any
study related procedure being conducted and their inclusion in this study. This trial was
registered with clinicaltrials.gov, number NCT03138161.

3. Results

Enrollment and demographics: Ninety-two patients were enrolled from 19 June 2017
to 3 February 2021. The number of patients studied was 9 patients in Phase I and 92 patients
in Phase II. Table 1 shows the baseline characteristics of the patients enrolled according to
age group and sex. There were 44 men and 57 women enrolled. There were 8 patients (7.9%)
aged between 18 and 28 years, 12 (11.9%) aged 29–39 years, 13 (12.9%) aged 40–50 years,
30 (29.7%) aged 51–61 years, 26 (25.7%) aged 62–72 years, and 12 (11.9%) between the
ages of 73 and 83 years. The histologic subtypes of the subjects enrolled in the study are
also shown in Table 1: 26 (25.5%) had leiomyosarcoma (LMS), 14 (13.7%) liposarcoma
(LPS), 9 (8.8%) undifferentiated pleomorphic sarcoma (UPS), 7 (6.9%) rhabdomyosarcoma,
5 (4.9%) synovial sarcoma and 24 (23.8%) had less than 4% of other histologic subtypes.

Table 1. Baseline characteristics.

Patients n = 101

Age
18–28 8 (7.9%)
29–39 12 (11.9%)
40–50 13 (12.9%)
51–61 30 (29.7%)
62–72 26 (25.7%
73–83 12 (11.9%)

Sex
Men 44 (43.6%)
Women 57 (56.4%

ECOG Score
≤1 101 (100%)

Histological type
Liposarcoma 14 (13.7%)
Leiomyosarcoma 26 (25.5%)
Undifferentiated pleomorphic sarcoma 9 (8.8%)
Rhabdomyosarcoma 7 (6.9%)
Synovial sarcoma 5 (4.9%)
Clear cell sarcoma 4 (3.9%)
Pleomorphic sarcoma 4 (3.9%)
Myxofibrosarcoma 4 (3.9%)
Peripheral nerve sheath tumor 3 (2.9%)
Myxoid liposarcoma 3 (2.9%)
Carcinosarcoma 2 (2.0%)
Desmoplastic small round cell tumor 2 (2.0%)
NOS sarcoma 2 (2.0%)

Summary of safety analysis: In Phase I, DLT was reported in one of six patients
treated at Dose Level II (1.2 mg/m2 trabectedin) and consisted of a decreased platelet count
with bleeding. The MTD of trabectedin was then determined at Dose Level II. Table 2
shows the TRAEs in Phase I and II according to the drug attribution and severity grade. A
total of 49 out of 101 ITT patients (48.5%) had Grade ≥ 3 TRAEs. The Grade ≥ 3 TRAEs
related to trabectedin included both hematologic and non-hematologic toxicities, such
as fatigue, nausea, fever, exhaustion, dehydration, asthenia, port-site cellulitis, anemia,
neutropenia, thrombocytopenia, elevated ALT, elevated AST, and elevated CK. There was
a greater incidence of Grade ≥ 3 increased AST, ALT, and CK related to trabectedin than
those related to nivolumab or ipilimumab. There were no hematologic toxicities related to
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nivolumab or ipilimumab. Grade 3–4 TRAEs related to nivolumab include decreased TSH,
increased T4, increased TSH, increased alkaline phosphatase, increased AST, increased
ALT, hyponatremia, dehydration, pruritus, and psoriasis. Grade 3–4 TRAEs related to
ipilimumab included decreased TSH, increased TSH, vomiting, exhaustion, increased AST,
increased ALT, increased alkaline phosphatase, hyponatremia, dehydration, and psoriasis.
There was a greater incidence of skin and metabolic disorders related to nivolumab or
ipilimumab than those related to trabectedin. There were no unexpected adverse reactions,
no alopecia nor cardiac toxicity reported in 101 patients. Supplemental Table S1 shows the
≥Grade 3 adverse events unrelated to the study drugs. At the data cut-off date, 45 (44.6%)
patients had died of disease progression.

Table 2. ≥Grade 3 Adverse Events Related to Study Therapy.

Phase I—Dose Level 1 (n = 3)

Adverse Event
Trabectedin Nivolumab Ipilimumab

3 4 3 4 3 4
Investigations

TSH Increased 1 (33.3%) 1 (33.3%)

Phase I—Dose Level 2 (n = 6)

Adverse Event
Trabectedin Nivolumab Ipilimumab

3 4 3 4 3 4
Blood and lymphatic system disorders

Anemia 2 (33.3%)

General disorders and administration site conditions
Fatigue 1 (16.7%) 1 (16.7%)

Investigations
Alanine aminotransferase increased 2 (33.3%) 2 (33.3%)

Platelet count decreased 1 (16.7%)
TSH decreased 1 (16.7%) 1 (16.7%)

T4 increased 1 (16.7%)
Aspartate aminotransferase increased 1 (16.7%) 1 (16.7%)

TSH increased 3 (50%) 2 (33.3%)
CPK increased 2 (33.3%)

Alkaline phosphatase increased 1 (16.7%) 1 (16.7%)

Musculoskeletal and connective tissue disorders
Asthenia 1 (16.7%)

Expanded Phase II (n = 92)

Adverse Event
Trabectedin Nivolumab Ipilimumab

3 4 3 4 3 4

Blood and lymphatic system disorders
Anemia 7 (7.6%) 1 (1.1%)

Gastrointestinal disorders
Nausea 1 (1.1%)

Vomiting 1 (1.1%)

General disorders and administration site conditions
Fatigue 8 (8.7%)
Fever 2 (2.2%)

Exhaustion 1 (1.1%) 1 (1.1%)

Infections and infestations
Cellulitis, port-a-catheter 2 (2.2%)

Investigations
Aspartate aminotransferase increased 8 (8.7%) 2 (2.2%) 2 (2.2%) 1 (1.1%)
Alanine aminotransferase increased 23 (25%) 3 (3.3%) 5 (5.4%) 3 (3.3%)

TSH increased 1 (1.1%) 1 (1.1%)
Neutrophil count decreased 5 (5.4%) 1 (1.1%)

Platelet count decreased 2 (2.2%) 2 (2.2%)
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Table 2. Cont.

Alkaline phosphatase increased 1 (1.1%) 1 (1.1%)
CPK increased 2 (2.2%) 2 (2.2%) 1 (1.1%)

White blood cell decreased 1 (1.1%)

Metabolism and nutrition disorders
Hyponatremia 4 (4.3%) 2 (2.2%)
Dehydration 1 (1.1%) 1 (1.1%) 1 (1.1%)

Musculoskeletal and connective tissue disorders
Asthenia 1 (1.1%)

Skin and subcutaneous tissue disorders
Pruritus 1 (1.1%)
Psoriasis 1 (1.1%) 1 (1.1%)

Summary of efficacy analysis: As per the protocol, an efficacy analysis was performed
on the mITT cohort of the expanded Phase II group, i.e., on patients who completed at least
one treatment cycle and had a CT scan on Week 6. Of the 92 patients enrolled in the ex-
panded Phase II, 79 patients were included in this mITT cohort. Fourteen patients in Phase
II of the study could not be evaluated. Eight patients (8.7%) did not return for treatment
after the first dose of trabectedin and were lost to follow up, 3 (3.3%) were admitted to the
hospital before completing the first cycle, 2 (2.2%) voluntarily withdrew from study, and
1 (1.1%) discontinued treatment due to an adverse event. Treatment was discontinued for
four patients (4.3%) due to worsening psoriasis not revealed during the screening period
(n = 1), neutropenic fever (n = 1), fatigue and intractable vomiting (n = 1) and adrenal in-
sufficiency. The median time to follow up for patients included in the efficacy analysis was
18.1 months. The risk per person-time analysis was 25.3 deaths per 1000 person-months.
Moreover, we calculated a risk of 93.2 cases of PD per 1000 person-months.

As shown in Table 3, the best overall responses were 6 CR, 14 PR, 49 SD and 10 PD with
25.3% best overall response rate (BORR) and 87.3% DCR. The median PFS was 6.7 months
(94% CI: 4.4–7.9) and the median OS was 24.6 months (95% CI: 17.0–.). At 6 months of
follow up, the PFS rate was 53.2% and the OS rate was 89.9%. For the ITT population
(n = 92), the median OS was 19.3 months (95% CI: 13.9–31.5), and the 6-month OS rate was
79.2%. Figure 2 shows the KM curves for OS and PFS from the time of treatment initiation
for patients in the expanded Phase II part of the study with numbers at risk and numbers
censored in parentheses. Supplemental Table S2 lists all the patients who participated in
Phase I and expanded Phase II by number, histologic subtype, genetic mutations, response,
number of specified drug infusions, and PFS and OS for the ITT population.

Table 3. Expanded Phase II: Responses to treatment for the mITT population (n = 79).

Best Response Disease Control Rate
Median OS Months

(Range)
[CI]

Median PFS Months
(Range)

[CI]
6-Month OS Rate 6-Month PFS Rate

6 CR, 14 PR, 49 SD,
10 PD (25.3% ORR) 87.3%

24.6
(1.6–46.5)

(CI 95%: 17.0–.)

6.7
(0.9–44.0)

(CI 95%: 4.4–7.9)
89.9% 53.2%

Note: Two patients with PR and one patient with SD had surgical CRs.
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Correlative Analysis

Correlation between RECISTv1.1 and iRECIST: We correlated the status according to
RECISTv1.1 and iRECIST using Pearson correlation taking the coding for each classification.
The Pearson correlation coefficient was 1.00 (p < 0.0001), which represents a perfect correla-
tion. Moreover, the ORR and DCR were identical when correlating them to RECISTv1.1
vs. iRECIST.

Correlation between PD-L1 expression and treatment outcome parameters: PD-L1 positivity
was not associated with improved PFS (Hazard Ratio = 0.83; 95% CI: 0.38 to 1.83) nor
prolonged OS (Hazard Ratio = 0.48; 95% CI: 0.14 to 1.56).
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Correlation between tumor suppressor TP53 loss/mutation, oncogenic driver MDM2 and
treatment outcome parameters: The positivity to TP53 loss/mutation was not associated
with PFS (Hazard Ratio = 0.85, 95% CI: 0.44 to 1.61) nor OS (Hazard Ratio = 0.62, 95%
CI: 0.24 to 1.59). Similarly, the MDM2 oncogene was not associated with any significant
treatment outcome parameter (OS: HR = 0.75, 95% CI: 0.26 to 2.10; PFS: HR = 0.66, 95% CI:
0.30 to 1.45).

Correlation between Absolute Lymphocyte Count (ALC) and Dexamethasone treatment:
ANOVA was used to analyze the mean difference in ALC percent change from week
to week per patient during the treatment period in 11 patients. There was no significant
difference in the mean ALC percent change from week to week per patient during the
treatment period (p > 0.05).

4. Discussion

Immune check point inhibitors have become a mainstay of therapy for melanoma and
are currently being developed for various solid tumors [24]. The underlying principle is
to thwart the defenses (checkpoints) that tumors utilize to evade the immune system. Im-
mune checkpoint inhibitors have shown some activity in certain types of sarcomas [25,26].
However, the use of immune checkpoint inhibitors has not definitively been shown to
work in soft tissue sarcomas, possibly because treatment is given after standard chemother-
apy/radiation therapy when the cancer cells have undergone immunoediting and may
no longer be immunogenic. Understanding the bifunctional role that the immune system
plays in tumor eradication vs. growth promotion is critical in the design and timing of
tumoricidal and immunologic therapies for sarcomas [27]. Sarcoma cells are most immuno-
genic earlier in the course of the disease when the immune system can recognize and
destroy them. However, during a period of dormancy, regulatory T cells (T regs) play an
immunosuppressive role, allowing cancer cells to mutate and edit themselves (a process
known as cancer immunoediting) to become less immunogenic and, hence, escape immune
surveillance, resulting in a resurgence of cancer cells that are resistant to therapy [18].

We hypothesized that immune checkpoint inhibitors such as ipilimumab and nivolumab,
that promote sustained T cell activation by suppressing T regs [24] would be most effective
when given as first-line therapy together with a tumoricidal agent, such as trabectedin, whose
plausible mechanism of action is not only to destroy the cancer cells and expose the tumor
neoantigens for immune recognition, but also to destroy growth promoting factors in the
tumor microenvironment, favoring polarization of M2 (tumor growth-promoting) to M1
(tumor growth-suppressing) macrophages that can directly lyse tumor cells, secrete TNF
and IL-12, present antigens, and activate T cells [13]. Moreover, the use of trabectedin is not
associated with cumulative toxicity, allowing prolonged administration [28].

Multiple assessments of potential biomarkers such as PD-1/PD-L1, LAG-3 or TIM-3
expression in sarcomas have been inconclusive when correlating them with treatment
outcome [29]. Our study shows PD-1/PD-L1 expression in tumors was not associated with
improved treatment outcome parameters.

The SAINT study demonstrates the positive impact of immunotherapy on BOR, PFS
and OS in patients with advanced STS when given early in the course of the disease. This is
independent of PD-1/PD-L1 expression and mutation/amplification of oncogenic drivers
in tumors. By indirect comparison, the ORR, PFS and OS appear to be better than those
achieved with standard first-line therapy [5,30], with a median PFS of 4.6–5.5 months
using doxorubicin alone, and OS appears to be better than that achieved with first-line
doxorubicin with or without ifosfamide [5]. Further, by indirect comparison, the SAINT
protocol appears to be safer than doxorubicin with or without ifosfamide [5,30]. This is a
phase I/II clinical trial with a non-randomized expanded phase II. Therefore, more evidence
would be needed from phase III randomized studies to reach definitive conclusions about
the superiority or non-superiority of the SAINT regimen over standard chemotherapy as
first-line treatment for advanced unresectable or metastatic STS.
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5. Conclusions

Taken together, the data indicate the following: (1) The primary endpoint was reached.
Trabectedin (given at the recommended Phase II dose of 1.2 mg/m2) may be safely com-
bined with the immune checkpoint inhibitors ipilimumab (given at the standard dose of
1 mg/kg/dose every 12 weeks) and nivolumab (given at a standard dose of 3 mg/kg
every 2 weeks) without dose-limiting toxicity; (2) The incidence of Grade 3 or higher
adverse events was as expected, and there were no unexpected adverse events associ-
ated with triple therapy using ipilimumab, nivolumab and trabectedin at the defined
doses; (3) The best responders (CR and PR) were patients with leiomyosarcoma, liposar-
coma, pleomorphic sarcoma, synovial sarcoma, myxofibrosarcoma, endometrial stromal
sarcoma and clear cell sarcoma; (4) The RECIST v1.1 was highly correlated with iRECIST;
(5) There was no correlation between treatment outcome parameters and PD-L1 expression
or mutation/amplification of oncogenic drivers found in patients’ archived tumors; (6) Dex-
amethasone administration given with Trabectedin every 3 weeks was not associated with
a significant reduction in ALCs; (7) The SAINT regimen using safe amounts of ipilimumab,
nivolumab and trabectedin is safe and effective as a first-line therapy for advanced soft
tissue sarcoma; and (8) Randomized phase III studies are needed to determine the superior-
ity or non-superiority of the SAINT regimen vs. doxorubicin plus ifosfamide as first-line
treatment of advanced soft tissue sarcoma.
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//www.mdpi.com/article/10.3390/cancers15030906/s1, Table S1: Grade 3 or Greater Adverse Events
Unrelated to Study Therapy; Table S2: Listing of subtypes, mutation, no. of cycles, BORR, PFS and OS.

Author Contributions: Conceptualization and Methodology: E.M.G., S.P.C., N.F. and W.T.; Investi-
gation: E.M.G., S.P.C., A.M., D.Q. and S.G.W.; Data Curation: E.M.G., W.A.T., V.S.C.-A., E.Y., C.V.
and S.T.; Formal Analysis: E.M.G., W.A.T., S.P.C., H.C., V.S.C.-A., D.Q., D.A.B., S.G.W., A.S., N.F.
and W.T.; Writing—original draft preparation, E.M.G. and E.Y.; Writing, review and editing: E.M.G.,
W.A.T., S.P.C., E.Y., C.V., S.T., D.A.B., H.C., V.S.C.-A., A.M., D.Q., S.G.W., A.S., N.F. and W.T. Fund-
ing acquisition: E.M.G. and S.P.C. All authors have read and agreed to the published version of
the manuscript.

Funding: This research was funded by Bristol Myers Squibb, grant number CA209-9GB ISR.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by the Western Institutional Review Board (117404; date of approval:
6 June 2017).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

Acknowledgments: The authors are grateful to the patients and family members for their support
of the study, and to the Christopher Burch Foundation, James Finn Memorial Fund, Sandra Chap-
lan Memorial Fund, Dawn Royal Memorial Fund, Lawrence Yaeger Memorial Fund, Sara Welch,
Adolph Weinberger Foundation, Capital Group and Trader Joe for generous donations to the Aveni
Foundation (www.avenifoundation.org), and to Heather Gordon for graphic illustrations.

Conflicts of Interest: The authors E.M.G., S.P.C., W.A.T., E.Y., S.T., V.S.C.-A., H.C., C.V., D.A.B., A.M.,
S.G.W., D.Q., A.S., N.F., W.T. have no conflict of interest. The funders had no role in the design of the
study; in the collection, analyses, or interpretation of data; in the writing of the manuscript; or in the
decision to publish the results.

References
1. Wagner, M.J.; Ismaila, L.; Duh, M.; Korves, C.; Solleza, F.; Manson, S.; Diaz, J.; Neary, M.; Demetri, G. A retrospective chart review

of drug treatment patterns and clinical outcomes among patients with metastatic or recurrent soft tissue sarcoma refractory to
one or more prior chemotherapy treatments. BMC Cancer 2015, 15, 175. [CrossRef] [PubMed]

2. Mocellin, S.; Rossi, C.; Brandes, A.; Nitti, D. Adult soft tissue sarcomas: Conventional therapies and molecularly targeted
approaches. Cancer Treat. Rev. 2006, 32, 9–27. [CrossRef] [PubMed]

https://www.mdpi.com/article/10.3390/cancers15030906/s1
https://www.mdpi.com/article/10.3390/cancers15030906/s1
http://doi.org/10.1186/s12885-015-1182-4
http://www.ncbi.nlm.nih.gov/pubmed/25885530
http://doi.org/10.1016/j.ctrv.2005.10.003
http://www.ncbi.nlm.nih.gov/pubmed/16338075


Cancers 2023, 15, 906 11 of 12

3. Sharma, S.; Takyar, S.; Manson, S.; Powell, S.; Penel, N. Efficacy and safety of pharmacological interventions in second- or
later-line treatment of patients with advanced soft tissue sarcoma: A systematic review. BMC Cancer 2013, 13, 385. [CrossRef]
[PubMed]

4. Petek, B.J.; Loggers, E.T.; Pollack, S.M.; Jones, R.L. Trabectedin in Soft Tissue Sarcomas. Mar. Drugs 2015, 13, 974–983. [CrossRef]
5. Judson, I.; Verweij, J.; Gelderblom, H.; Hartmann, J.T.; Schöffski, P.; Blay, J.Y.; Kerst, J.M.; Sufliarsky, J.; Whelan, J.; Hohenberger,

P.; et al. Doxorubicin alone versus intensified doxorubicin plus ifosfamide for firstline treatment of advanced or metastatic
soft-tissue sarcoma: A randomised controlled phase 3 trial. Lancet Oncol. 2014, 15, 415–423. [CrossRef]

6. Nagar, S.P.; Mytelka, D.S.; Candrilli, S.D.; D’yachkova, Y.; Lorenzo, M.; Kasper, B.; Lopez-Martin, J.A.; Kaye, J.A. Treatment
Patterns and Survival among Adult Patients with Advanced Soft Tissue Sarcoma: A Retrospective Medical Record Review in the
United Kingdom, Spain, Germany, and France. Sarcoma 2018, 2018, 5467057. [CrossRef]

7. Demetri, G.D.; von Mehren, M.; Jones, R.L.; Hensley, M.L.; Schuetze, S.M.; Staddon, A.; Milhem, M.; Elias, A.; Ganjoo, K.; Tawbi,
H.; et al. Efficacy and Safety of Trabectedin or Dacarbazine for Metastatic Liposarcoma or Leiomyosarcoma After Failure of
Conventional Chemotherapy: Results of a Phase III Randomized Multicenter Clinical Trial. J. Clin. Oncol. 2016, 34, 786–793.
[CrossRef]

8. Coens, C.; van der Graaf, W.T.A.; Blay, J.-Y.; Chawla, S.P.; Judson, I.; Sanfilippo, R.; Manson, S.C.; Hodge, R.A.; Marreaud, S.;
Prins, J.B.; et al. Health-related quality-of-life results from PALETTE: A randomized, double-blind, phase 3 trial of pazopanib
versus placebo in patients with soft tissue sarcoma whose disease has progressed during or after prior chemotherapy-a European
Organization for research and treatment of cancer soft tissue and bone sarcoma group global network study (EORTC 62072).
Cancer 2015, 121, 2933–2934. [CrossRef]

9. Schoffski, P.; Chawla, S.; Maki, R.G.; Italiano, A.; Gelderblom, H.; Choy, E.; Grignani, G.; Camargo, V.; Bauer, S.; Rha, S.Y.;
et al. Eribulin versus dacarbazine in previously treated patients with advanced liposarcoma or leiomyosarcoma: A randomised,
open-label, multicentre, phase III trial. Lancet 2016, 387, 1629–1637. [CrossRef]

10. In, G.K.; Hu, J.S.; Tseng, W.W. Treatment of advanced, metastatic soft tissue sarcoma: Latest evidence and clinical considerations.
Ther. Adv. Med. Oncol. 2017, 9, 533–550. [CrossRef]

11. Ferre, A.; Álvarez, R.Á.; Herráez, A.C.; Jurado, J.C.; González, A.E.; Martin-Broto, J.; Marín, V.M.; Vega, A.M.; García, A.S.;
Morales, C.V.; et al. SEOM Clinical Guideline of management of soft-tissue sarcoma. Clin. Transl. Oncol. 2021, 23, 922–930.
[CrossRef] [PubMed]

12. Blay, J.-Y.; Le Cesne, A.; Demetri, G.D. The current reality of soft tissue sarcomas: Advances, controversies, areas for improvement,
and promising new treatments. Expert. Rev. Anticancer Ther. 2020, 20, 29–39. [CrossRef]

13. Lee, A.; Huang, P.; DeMatteo, R.P.; Pollack, S.M. Immunotherapy for Soft Tissue Sarcoma: Tomorrow Is Only a Day Away. Am.
Soc. Clin. Oncol. Educ. Book 2016, 35, 281–290. [CrossRef]

14. Clemente, O.; Ottaiano, A.; Di Lorenzo, G.; Bracigliano, A.; Lamia, S.; Cannella, L.; Pizzolorusso, A.; Di Marzo, M.; Santorsola, M.;
Chiara, D.; et al. Is immunotherapy in the future of therapeutic management of sarcomas? J. Transl. Med. 2021, 19, 173. [CrossRef]

15. Yervoy pi. Available online: https://www.accessdata.fda.gov/drugsatfda_docs/label/2020/125377s115lbl.pdf (accessed on 6
June 2017).

16. Opdivo pi. Available online: https://www.accessdata.fda.gov/drugsatfda_docs/label/2019/125554s070lbl.pdf (accessed on 6
June 2017).

17. Yervoy. Available online: https://www.accessdata.fda.gov/drugsatfda_docs/label/2018/207953s005lbl.pdf (accessed on 6 June
2017).

18. Schreiber, R.D.; Old, L.J.; Smyth, M.J. Cancer immunoediting: Integrating immunity’s roles in cancer suppression and promotion.
Science 2011, 331, 1565–1570. [CrossRef] [PubMed]

19. Storer, B.E. Design and analysis of phase I clinical trials. Biometrics 1989, 45, 925–937. [CrossRef]
20. Eisenhauer, E.A.; Therasse, P.; Bogaerts, J.; Schwartz, L.H.; Sargent, D.; Ford, R.; Dancey, J.; Arbuck, S.; Gwyther, S.; Mooney, M.;

et al. New response evaluation criteria in solid tumours: Revised RECIST guideline (version 1.1). Eur. J. Cancer 2009, 45, 228–247.
[CrossRef] [PubMed]

21. Park, H.; Kim, G.; Kim, K.; Lee, C.; Yoon, S.; Chae, Y.; Tirumani, S.; Ramaiya, N. Comparison of RECIST 1.1 and iRECIST in
Patients Treated with Immune Checkpoint Inhibitors: A Systematic Review and Meta-Analysis. Cancers 2021, 13, 120. [CrossRef]

22. NCI Common Terminology Criteria for Adverse Events Version 4.03. 2010; pp. 1–78. Available online: https://evs.nci.nih.gov/
ftp1/CTCAE/CTCAE_4.03/Archive/CTCAE_4.0_2009-05-29_QuickReference_8.5x11.pdf (accessed on 6 June 2017).

23. Kaplan, E.L.; Meier, P. Nonparametric Estimation from Incomplete Observations. J. Am. Stat. Assoc. 1958, 53, 457–481. [CrossRef]
24. Selby, M.J.; Engelhardt, J.J.; Johnston, R.J.; Lu, L.S.; Han, M.; Thudium, K.; Yao, D.; Quigley, M.; Valle, J.; Wang, C.; et al. Preclinical

Development of Ipilimumab and Nivolumab Combination Immunotherapy: Mouse Tumor Models, In Vitro Functional Studies,
and Cynomolgus Macaque Toxicology. PLoS ONE 2016, 11, e0161779.

25. Tawbi, H.A.; Burgess, M.; Bolejack, V.; Van Tine, B.A.; Schuetze, S.M.; Hu, J.; D’Angelo, S.; Attia, S.; Riedel, R.F.; Priebat, D.A.;
et al. Pembrolizumab in advanced soft-tissue sarcoma and bone sarcoma (SARC028): A multicentre, two-cohort, single-arm,
open-label, phase 2 trial. Lancet Oncol. 2017, 18, 1493–1501, Erratum in: Lancet Oncol. 2018, 19, e8. [CrossRef] [PubMed]

26. D’Angelo, S.P.; Mahoney, M.R.; Van Tine, B.A.; Atkins, J.; Milhem, M.M.; Jahagirdar, B.N.; Antonescu, C.R.; Horvath, E.; Tap, W.D.;
Schwartz, G.K.; et al. A non-comparative multi-center randomized phase II study of nivolumab +/− ipilimumab for patients
with metastatic sarcoma (Alliance A091401). Lancet Oncol. 2018, 19, 416–426. [CrossRef]

http://doi.org/10.1186/1471-2407-13-385
http://www.ncbi.nlm.nih.gov/pubmed/23937858
http://doi.org/10.3390/md13020974
http://doi.org/10.1016/S1470-2045(14)70063-4
http://doi.org/10.1155/2018/5467057
http://doi.org/10.1200/JCO.2015.62.4734
http://doi.org/10.1002/cncr.29426
http://doi.org/10.1016/S0140-6736(15)01283-0
http://doi.org/10.1177/1758834017712963
http://doi.org/10.1007/s12094-020-02534-0
http://www.ncbi.nlm.nih.gov/pubmed/33405052
http://doi.org/10.1080/14737140.2020.1753511
http://doi.org/10.1200/EDBK_157439
http://doi.org/10.1186/s12967-021-02829-y
https://www.accessdata.fda.gov/drugsatfda_docs/label/2020/125377s115lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2019/125554s070lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2018/207953s005lbl.pdf
http://doi.org/10.1126/science.1203486
http://www.ncbi.nlm.nih.gov/pubmed/21436444
http://doi.org/10.2307/2531693
http://doi.org/10.1016/j.ejca.2008.10.026
http://www.ncbi.nlm.nih.gov/pubmed/19097774
http://doi.org/10.3390/cancers13010120
https://evs.nci.nih.gov/ftp1/CTCAE/CTCAE_4.03/Archive/CTCAE_4.0_2009-05-29_QuickReference_8.5x11.pdf
https://evs.nci.nih.gov/ftp1/CTCAE/CTCAE_4.03/Archive/CTCAE_4.0_2009-05-29_QuickReference_8.5x11.pdf
http://doi.org/10.1080/01621459.1958.10501452
http://doi.org/10.1016/S1470-2045(17)30624-1
http://www.ncbi.nlm.nih.gov/pubmed/28988646
http://doi.org/10.1016/S1470-2045(18)30006-8


Cancers 2023, 15, 906 12 of 12

27. Dunn, G.P.; Old, L.J.; Schreiber, R.D. The Immunobiology of Cancer Immunosurveillance and Immunoediting. Immunity 2004, 21,
137–148. [CrossRef] [PubMed]

28. Chawla, S.P.; Sankhala, K.; Ravicz, J.; Kang, G.; Liu, S.; Stumpf, N.; Leong, B.; Kim, S.; Arasheben, S.; Tseng, W.; et al. Clinical
Experience with Combination Chemo-/Immunotherapy using Trabectedin and Nivolumab for Advanced Soft Tissue Sarcoma.
J. Sarcoma Res. 2018, 2, 1009. [CrossRef]

29. Birdi, H.K.; Jirovec, A.; Cortés-Kaplan, S.; Werier, J.; Nessim, C.; Diallo, J.S.; Ardolino, M. Immunotherapy for sarcomas: New
frontiers and unveiled opportunities. J. Immunother. Cancer 2021, 9, e001580. [CrossRef]

30. Pautier, P.; Italiano, A.; Piperno-Neumann, S.; Chevreau, C.; Penel, N.; Firmin, N.; Boudou-Rouquette, P.; Bertucci, F.; Balleyguier,
C.; Lebrun-Ly, V.; et al. Doxorubicin alone versus doxorubicin with trabectedin followed by trabectedin alone as first-line therapy
for metastatic or unresectable leiomyosarcoma (LMS-04): A randomised, multicentre, open-label phase 3 trial. Lancet Oncol. 2022,
23, 1044–1054. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.1016/j.immuni.2004.07.017
http://www.ncbi.nlm.nih.gov/pubmed/15308095
http://doi.org/10.1200/JCO.2018.36.15_suppl.e23568
http://doi.org/10.1136/jitc-2020-001580
http://doi.org/10.1016/S1470-2045(22)00380-1

	Introduction 
	Materials and Methods 
	Results 
	Discussion 
	Conclusions 
	References



