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ABSTRACT
Background Sarcomas exhibit low expression of factors 
related to immune response, which could explain the 
modest activity of PD-1 inhibitors. A potential strategy to 
convert a cold into an inflamed microenvironment lies on 
a combination therapy. As tumor angiogenesis promotes 
immunosuppression, we designed a phase Ib/II trial to test 
the double inhibition of angiogenesis (sunitinib) and PD-1/
PD- L1 axis (nivolumab).
Methods This single- arm, phase Ib/II trial enrolled adult 
patients with selected subtypes of sarcoma. Phase Ib 
established two dose levels: level 0 with sunitinib 37.5 mg 
daily from day 1, plus nivolumab 3 mg/kg intravenously 
on day 15, and then every 2 weeks; and level −1 with 
sunitinib 37.5 mg on the first 14 days (induction) and then 
25 mg per day plus nivolumab on the same schedule. The 
primary endpoint was to determine the recommended 
dose for phase II (phase I) and the 6- month progression- 
free survival rate, according to Response Evaluation 
Criteria in Solid Tumors 1.1 (phase II).
Results From May 2017 to April 2019, 68 patients 
were enrolled: 16 in phase Ib and 52 in phase II. The 
recommended dose of sunitinib for phase II was 37.5 mg 
as induction and then 25 mg in combination with 
nivolumab. After a median follow- up of 17 months (4–26), 
the 6- month progression- free survival rate was 48% (95% 
CI 41% to 55%). The most common grade 3–4 adverse 
events included transaminitis (17.3%) and neutropenia 
(11.5%).
Conclusions Sunitinib plus nivolumab is an active 
scheme with manageable toxicity in the treatment of 
selected patients with advanced soft tissue sarcoma, with 
almost half of patients free of progression at 6 months.
Trial registration number NCT03277924.

INTRODUCTION
Systemic treatment for advanced soft tissue 
sarcomas (STS) is an unmet need since no 
new drugs or combination schemes have 
offered significant overall survival (OS) 
benefit over doxorubicin alone in the last 

40 years.1–3 Immunomodulation has become a 
topical area of interest in many tumors, being 
sarcoma not an exception. Nevertheless, while 
in paradigmatic immune- sensitive tumors 
such as melanoma the expression levels of 
tumor mutational burden (TMB), CD8+ 
lymphocytes and Programmed death- ligand 1 
(PD- L1) were in the high range, with values 
of 14 mutations per DNA megabase (Mb), 
42%±23% and 35%, respectively,4 5 sarcomas 
appear at the low range of these expression 
values. Indeed, the median TMB reported 
was 2 mutations per Mb,6 the percentage of 
CD8+ lymphocytes was 23%±13%7 and the 
tumorous PD- L1 expression was 6.6% in the 
largest series.8

Specific immune- checkpoint protein 
expression, such as PD-1/PD- L1 axis, has 
not demonstrated convincing prognostic or 
predictive value in sarcomas.9 10 Apart from 
the inherent heterogeneity of STS, other 
factors that introduce bias across these studies 
were different staging, diverse antibody clones 
used for PD- L1,11 12 and intrastudy variability 
between tissue microarray or complete tumor 
block section.13 A genomic approach that can 
circumvent some constraints of PD- L1 immu-
nohistochemistry has confirmed an indepen-
dent negative prognostic value for PD- L1 
overexpression in a large study of patients 
with STS.14 The elapsed time between tumor 
sampling and the time frame considered 
for the analysis is a common limitation of 
immunostaining and genomics, which is only 
eluded if biopsies are mandatory at baseline.

Using transcriptomic analysis of the micro-
environment cell population, which measures 
the expression of eight immune and two 
stromal cell populations,15 it was possible to 
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classify sarcoma into five different sarcoma immune classes 
(SIC).16 Patients grouped as SIC E were considered the 
most immune- responsive subset, but only represented 
17.8% of cases. Therefore, the immune cold microenvi-
ronment found in most sarcomas could explain the low 
probability of response or tumor control with anti- PD-1 
compounds in monotherapy. In fact, two reported expe-
riences with nivolumab showed a median progression- 
free survival (mPFS) of 1.7 months in 43 patients with 
STS17 and 1.8 months in 12 patients with STS,18 respec-
tively. A pioneer study trialing pembrolizumab in the 
most frequent STS and bone sarcomas reported better 
outcomes with an mPFS of 4.2 months, 18% of responses 
and a 6- month progression- free survival rate (PFSR) of 
32%.19

Immune barrier promoted by tumor angiogenesis 
is well established and there is an ever growing list of 
immune cells exhibiting the dual capacity of promoting 
immunosuppression and angiogenesis.20 This impelled us 
to design a double inhibition study with antiangiogenic 
and anti- PD-1 compounds, which could potentially syner-
gize for the treatment of some advanced soft tissue and 
bone sarcomas. We present herein the phase Ib, common 
to both cohorts, and phase II part of the STS cohort of 
the IMMUNOSARC trial, which combined sunitinib and 
nivolumab. The bone sarcoma cohort will be reported 
separately.

METHODS
Study design and subjects
In this phase Ib/II, single- arm trial, STS cohort, patients 
aged over 18 years with advanced STS were considered 
for eligibility and enrolled in eight centers in Spain and 
Italy with expertise in sarcoma care. Central pathology 
review was mandatory before accrual. Patients had to 
be in progression in the previous 6 months according to 
Response Evaluation Criteria in Solid Tumors (RECIST) 
1.1. Eligible subtypes of sarcoma were chosen based on 
several reasons: histologies reported in transplant recip-
ients (undifferentiated pleomorphic sarcoma (UPS), 
angiosarcoma, and synovial sarcoma), higher tumor infil-
trating lymphocytes (UPS and epithelioid sarcoma), or 
sensitivity to antiangiogenic compounds (solitary fibrous 
sarcoma, extraskeletal myxoid chondrosarcoma, clear 
cell sarcoma, alveolar soft part sarcoma (ASPS), epithe-
lioid hemangioendothelioma and angiosarcoma). Other 
relevant inclusion criteria are described in online supple-
mental methods.

Patients provided written informed consent before 
participating in the study.

Procedures
In phase I, two dose levels were defined: the starting dose 
(dose level 0) used sunitinib 37.5 mg orally on a daily 
basis from day 1. The de- escalation level (dose level −1) 
used sunitinib 37.5 mg on the first 14 days (induction) 
and from then on 25 mg per day. Nivolumab was given at 

3 mg/kg intravenously on day 15 and every 2 weeks from 
then on at both dose levels. Phase I was completed when 
10 dose- limiting toxicity (DLT) evaluable patients had 
been treated, associated with a DLT rate of less than 0.33. 
There was a de- escalation level if three or more DLTs 
occurred at the initial dose level.

Radiological assessment was performed at the local sites 
as well as by a mandatory independent central review. 
Tumor assessment was done every 8 weeks by CT scan 
or by MRI in accordance with RECIST 1.1. Other rele-
vant procedures are described in online supplemental 
methods.

For translational purposes, tumor biopsies were 
required at baseline and at week 13, and blood samples 
were collected at baseline, day 1 of week 3, day 1 of week 
13, and after each radiological evaluation.

The HTG EdgeSeq, ran in the VERIP service lab of 
HTG in Tucson (HTG Molecular Diagnostics, Tucson, 
Arizona, USA), and ProcartaPlex immunoassay (Invit-
rogen, Carlsbad, California, USA) protocols were applied 
in the exploratory translational study, and complete 
bioinformatic analyses are described in online supple-
mental methods.

Outcomes
The main endpoint for phase Ib was to determine the 
recommended dose for phase II. The main endpoint for 
phase II was 6- month PFSR according to RECIST. The 
secondary endpoints were median OS (mOS), overall 
response rate according to RECIST 1.1 and Choi criteria, 
toxicity profile according to Common Terminology 
Criteria for Adverse Events (CTCAE) V.4.0, and contribu-
tion to translational studies.

Sample size has been obtained for a one- arm, one- stage 
survival design based on Brookmeyer- Crowley- like test.21 
The statistical test for survival probability was based on 
non- parametric estimation of survival distribution. For 
STS second- line cohort sample size has been obtained 
for the primary endpoint: 6 month PFSR. The estimated 
accrual time was 24 months. In this population, a 5% 
PFSR was considered not promising, whereas a 15% PFSR 
was considered promising. With a 0.05 type I error α and 
a power of 0.80, 48 patients were needed in this cohort.

Statistical analysis
The intention- to- treat population includes patients who 
had provided written informed consent, with central 
pathology confirmation, and fulfilling all the inclusion 
criteria and none of the exclusion criteria. The per- 
protocol population (efficacy) includes patients fulfilling 
the intention- to- treat population criteria, and addition-
ally patients who had received sunitinib in the induction 
phase and at least one dose of nivolumab. The safety popu-
lation includes all patients of the intention- to- treat popu-
lation who had received at least one dose of sunitinib. 
The radiological evaluable population includes all patients of 
the intention- to- treat population who underwent at least 
one radiological assessment.
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Time- to- event variables were measured from the date of 
enrollment and were estimated according to the Kaplan- 
Meier method. Comparisons between the variables of 
interest were performed by the log- rank test. For variables 
not available at baseline (ie, RECIST or Choi response), 
a landmark analysis was performed. False discovery rate 
was applied to regulate multiple comparisons. Other 
statistical methods are described in online supplemental 
methods.

RESULTS
From May 31, 2017 to April 18, 2019, 91 patients with 
advanced and progressing STS were assessed for eligibility 
in phase Ib and in the STS cohort of phase II. Twenty- three 
patients were excluded (considering both phases) after 
screening. Sixty- eight patients were enrolled and treated 
with the experimental compounds: 16 in phase Ib and 
52 in the STS cohort of phase II. The intention- to- treat 
population and safety population for phase II consisted 
of 52 eligible patients, while the per- protocol population 
consisted of 49 patients, since 3 patients had not ever 
received nivolumab. Radiological evaluable patients in 
phase II according to RECIST and Choi criteria were 46 
and 40, respectively (figure 1). Patients’ demographics 
are depicted in table 1.

The initial dose level (sunitinib 37.5 mg/day) in phase 
Ib was ceased after observing three DLTs in six accrued 
patients: grade 3 fatigue (n=2) and grade 4 septic shock 
(n=1). In the subsequent de- escalation (−1) level, only one 
DLT (febrile neutropenia) was reported in 10 accrued 
patients. Thus, the recommended dose of sunitinib for 
phase II was 37.5 mg/day as induction on the first 14 days, 
followed by sunitinib 25 mg/day plus nivolumab 3 mg/kg 
every 2 weeks from day 15 on. One hundred and sixty- 
eight 2- week cycles were administered in phase Ib. Phase 
Ib toxicities by patients are depicted in table 2.

According to RECIST there were seven partial 
responses among 14 evaluable patients enrolled in this 
part (figure 2): two patients with clear cell sarcoma, two 
with ASPS, and one occurring in each of the following 
histologies: synovial sarcoma, chondrosarcoma and 
angiosarcoma. In the remaining non- responder patients, 
three had stable disease and four had progressive disease.

The clinical cut- off for the final data analyses for phase 
II was February 27, 2020. At that time, 5 (10%) of the 52 
patients were still under treatment and 47 (90%) have 
discontinued the scheme. Of the 52 patients, 40 (77%) 
discontinued due to progression, 4 (7%) following patient 
decision and 3 (6%) due to toxicity. The latter included 
grade 2 cystitis (n=1), grade 4 psoriatic arthritis (n=1) and 
grade 3 peripheral ischemia (n=1). The median elapsed 
time between previous progression and study enrollment 
was 1.17 months (0.03–5.17).

Seven hundred and sixty- three 2- week cycles were 
administered in 49 patients of the per- protocol popula-
tion, with a median of 6 (1–23) and 12 (2–46) cycles of 
sunitinib and nivolumab per patient, respectively. The 
median dose intensity for sunitinib and nivolumab was 
97% (20–142) and 100% (33–100), respectively. One 
(2%) patient had dose reductions and 29 (59%) had dose 
interruptions of sunitinib, whereas 21 (43%) patients had 
dose interruptions of nivolumab.

The most frequent treatment- related toxicities per 
subject in phase II were fatigue in 33 of 52 patients 
(63.5%) and increased aspartate aminotransferase (AST) 
in 25 out of 52 patients (48.0%). The most common 
reported grade 3 or 4 side effects were transaminitis in 9 
out of 52 patients (17.3%) and neutropenia in 6 out of 52 
patients (11.5%) (online supplemental table 1).

At a median follow- up of 17 months (4–26), 37 of 49 
(76%) per- protocol evaluable patients experienced 
progression according to central assessment and 18 of 49 
(37%) patients died due to disease progression.

The 6- month PFSR according to central and local assess-
ments was 48% (95% CI 41 to 55) and 51% (95% CI 44 
to 58), respectively (figure 3). The mPFS for central and 
local assessments was 5.6 months (3.0–8.1) and 6.0 months 
(3.1–9.0), respectively. Remarkably, the proportion of 
patients alive at 12 and 18 months was 75% (95% CI 68 
to 81) and 67% (95% CI 59 to 74), respectively, and the 
mOS was 24 months (95% CI NA). Central radiological 
assessment according to RECIST (figure 2) reported 
1 complete response in 46 evaluable patients (2%), 5 

Figure 1 CONSORT diagram. CONSORT, Consolidated 
Standards of Reporting Trials; ECOG, Eastern Cooperative 
Oncology Group; RECIST, Response Evaluation Criteria in 
Solid Tumors.
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partial responses (11%), 33 stabilizations (72%) and 7 
progressions (15%). Complete response was observed 
in one patient with angiosarcoma and partial response 
in patients diagnosed with ASPS (n=2), angiosarcoma 

(n=1), extraskeletal myxoid chondrosarcoma (n=1) and 
synovial sarcoma (n=1). Central assessment according 
to Choi criteria showed 25 patients with partial response 
(63%), 10 with stable disease (25%) and 5 with progressive 

Table 1 Baseline characteristics

Phase Ib (n=16) Phase II (n=52)

Median age (range) (months) 38 (25–78) 43 (19–77)

Sex (male/female), n (%) 10 (63)/6 (37) 30 (58)/22 (42)

Primary tumor localization, n (%)

  Somatic 15 (94) 44 (85)

  Visceral 1 (6) 8 (15)

Primary tumor depth, n (%)

  Deep 16 (100) 40 (77)

  Superficial 0 9 (17)

  UK 0 3 (6)

Extension at diagnosis, n (%)

  Localized 9 (56) 25 (48)

  Locally advanced 2 (13) 15 (29)

  Metastatic 5 (31) 12 (23)

Resectable at diagnosis, n (%)

  Resectable 10 (63) 38 (73)

  Unresectable 6 (37) 14 (27)

Median metastatic- free interval (range) (months) 8 (0–80) 11 (0–141)

Extension at baseline, n (%)

  Locally advanced 0 4 (8)

  Metastatic 16 (100) 48 (92)

Diagnosis (central), n (%)

  Synovial sarcoma 2 (13) 9 (17)

  UPS 2 (13) 8 (15)

  Clear cell sarcoma 4 (25) 7 (14)

  Solitary fibrous tumor 0 7 (14)

  Epithelioid sarcoma 0 7 (14)

  Angiosarcoma 2 (13) 5 (10)

  Extraskeletal myxoid chondrosarcoma 0 4 (7)

  Alveolar soft part sarcoma 3 (19) 4 (7)

  Epithelioid hemangioendothelioma 0 1 (2)

  Osteosarcoma* 2 (13) 0

  Chondrosarcoma* 1 (6) 0

ECOG PS at baseline, n (%)

  0 6 (37) 25 (48)

  1 10 (63) 27 (52)

Median previous lines (range) 1.5 (0–5) 1 (0–4)

Previous antiangiogenic lines, n (%)

  0 14 (88) 41 (79)

  1 2 (12) 10 (19)

  2 0 1 (2)

*Included in phase Ib.
ECOG PS, Eastern Cooperative Oncology Group performance status; UK, unknown; UPS, undifferentiated pleomorphic sarcoma.
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Table 2 Toxicity profile in phase Ib

Phase Ib (n=16)

Type of adverse event 
(n=16) Any grade, n (%) Grades 1–2, n (%) Grade 3, n (%) Grade 4, n (%) Grade 5, n (%)

Hematological toxicity

Leukopenia 12 (75.0) 11 (68.8) 1 (6.3) 0 0

Neutropenia 10 (62.5) 7 (43.8) 3 (18.8) 0 0

Thrombocytopenia 9 (56.3) 7 (43.8) 2 (12.5) 0 0

Anemia 8 (50.0) 6 (37.5) 2 (12.5) 0 0

Lymphopenia 2 (12.5) 2 (12.5) 0 0 0

Febrile neutropenia 1 (6.3) 0 0 1 (6.3) 0

Non- hematological toxicity

Fatigue 14 (87.5) 11 (68.8) 3 (18.8) 0 0

Hypertension 11 (68.8) 10 (62.5) 1 (6.3) 0 0

Diarrhea 8 (50.0) 8 (50.0) 0 0 0

Oral mucositis 8 (50.0) 7 (43.8) 1 (6.3) 0 0

Increased AST 7 (43.8) 6 (37.5) 1 (6.3) 0 0

Nausea 6 (37.5) 6 (37.5) 0 0 0

Increased ALT 5 (31.3) 4 (25.0) 1 (6.3) 0 0

Anorexia 4 (25.0) 4 (25.0) 0 0 0

Constipation 3 (18.8) 3 (18.8) 0 0 0

Hyponatremia 3 (18.8) 3 (18.8) 0 0 0

Hypothyroidism 3 (18.8) 2 (12.5) 1 (6.3) 0 0

Palmar- plantar 
erythrodysesthesia 
syndrome

3 (18.8) 3 (18.8) 0 0 0

Skin/subcutaneous 
tissue disorders

3 (18.8) 3 (18.8) 0 0 0

Stomach pain 3 (18.8) 3 (18.8) 0 0 0

Vomiting 3 (18.8) 3 (18.8) 0 0 0

Hypokalemia 3 (18.8) 2 (12.5) 1 (6.3) 0 0

Increased ALP 2 (12.5) 2 (12.5) 0 0 0

Infection 2 (12.5) 0 1 (6.3) 1 (6.3) 0

Dysgeusia 2 (12.5) 2 (12.5) 0 0 0

Epistaxis 2 (12.5) 2 (12.5) 0 0 0

Fever 2 (12.5) 2 (12.5) 0 0 0

Hypermagnesemia 2 (12.5) 2 (12.5) 0 0 0

Periodontal disease 2 (12.5) 2 (12.5) 0 0 0

Arthralgia 1 (6.3) 1 (6.3) 0 0 0

Body pain 1 (6.3) 1 (6.3) 0 0 0

Bronchopulmonary 
hemorrhage

1 (6.3) 1 (6.3) 0 0 0

Renal function 
deterioration

1 (6.3) 1 (6.3) 0 0 0

Dry mouth 1 (6.3) 0 1 (6.3) 0 0

Flatulence 1 (6.3) 1 (6.3) 0 0 0

Headache 1 (6.3) 1 (6.3) 0 0 0

Hiccups 1 (6.3) 1 (6.3) 0 0 0

Hypercalcemia 1 (6.3) 1 (6.3) 0 0 0

Hypocalcemia 1 (6.3) 1 (6.3)

Continued
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disease (12%). Response assessment according to RECIST 
showed significant prognostic difference for PFS and OS; 
by contrast, Choi assessment only had prognostic rele-
vance for PFS. Adding the 12 evaluable STS cases of phase 
I to the 46 evaluable patients with STS in phase II, the 
RECIST Overall Response Rate (ORR) was 21% (12 out 
of 58). The 18- month OS proportion was 100%, 75% and 
44% for those with response, stable disease and progres-
sive disease, according to RECIST, respectively (p=0.01) 
(table 3).

Ad hoc analyses showed a growth modulation index 
(GMI) in phase II of 0.7 (0.1–11.6), while 31% of patients 
exhibited GMI >1.33. On the other hand, the GMI in 
phase II in subtypes with known sensitivity to antiangio-
genic compounds was 1.01 (0.04–26.82).

In the translational study, among 732 genes related to 
tumor immune response, 50 and 102 genes showed to 

have potential prognostic value for PFS and OS, respec-
tively. Hierarchical clustering, considering the 102 genes 
with impact on OS, distributed samples into two groups 
with a distinct molecular pattern (online supplemental 
figure 1). The different outcome of these two groups 
was confirmed (table 3). Functional enrichment analysis 
showed that the genes upregulated in group 2 (molecular 
group with better survival) were highly associated with 
Kyoto Encyclopedia of Genes and Genomes (KEGG) path-
ways (online supplemental figure 2) cytokine- cytokine 
receptor interaction (hsa04060) (adjusted p=3.69×10−53) 
or chemokine signaling pathway (hsa04062) (adjusted 
p=2.13×10−22). On the other hand, genes upregulated 
in group 1 (molecular group with worse outcome) were 

Phase Ib (n=16)

Type of adverse event 
(n=16) Any grade, n (%) Grades 1–2, n (%) Grade 3, n (%) Grade 4, n (%) Grade 5, n (%)

Hypernatremia 1 (6.3) 1 (6.3) 0 0 0

Hypomagnesemia 1 (6.3) 1 (6.3) 0 0 0

Hypophosphatemia 1 (6.3) 1 (6.3) 0 0 0

Myalgia 1 (6.3) 1 (6.3) 0 0 0

Odynophagia 1 (6.3) 1 (6.3) 0 0 0

Tumor lesions bleeding 1 (6.3) 1 (6.3) 0 0 0

Periorbital edema 1 (6.3) 1 (6.3) 0 0 0

Proteinuria 1 (6.3) 1 (6.3) 0 0 0

Thromboembolic event 1 (6.3) 0 0 1 (6.3) 0

Weight loss 1 (6.3) 1 (6.3) 0 0 0

ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase.

Table 2 Continued

Figure 2 Response to treatment by patient according 
to RECIST. All evaluable patients (N=60) from phase Ib 
(n=14) and phase II (n=46) are shown. Tumor diameter was 
measured in millimeters. The dashed lines represent 20% 
increase in diameter and 30% decrease in diameter (RECIST 
progression and response cut- offs, respectively). *No size 
variation. RECIST, Response Evaluation Criteria in Solid 
Tumors.

Figure 3 Progression- free survival to treatment by patient, 
based on RECIST central radiological assessment. Each 
patient in the efficacy population in phase II is represented as 
bars (n=49). The vertical dashed line represents the median 
progression- free survival (5.6 months). The stars represent 
patients achieving RECIST objective responses. The arrows 
represent patients non- progressing in the last central 
radiological assessment. RECIST, Response Evaluation 
Criteria in Solid Tumors.
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Table 3 Univariate analysis

Demographics and clinical characteristics in phase II (n=49)

Median PFS 
(central) (95% CI)

PFS at 6 months, % 
(95% CI) P value Median OS (95% CI)

OS at 18 months, 
% (95% CI) P value

Age 0.4 0.55

  0–44 4.5 (1.8 to 7.1) 45 (36 to 55) NR 75 (65 to 84)

  >44 6.5 (2.2 to 10.8) 52 (41 to 63) 24.1 (18.6 to 29.7) 61 (51 to 71)

MFI (years) 0.59 0.97

  0–1 4.5 (2.6 to 6.3) 43 (33 to 52) 24.1 (NA) 66 (56 to 76)

  >1 6.1 (0 to 14.6) 54 (44 to 65) NR 68 (58 to 78)

Baseline ECOG 0.2 0.098

  0 7.3 (4.2 to 10.4) 56 (46 to 66) NR 80 (72 to 88)

  1 4.1 (3 to 5.2) 40 (29 to 50) 22.5 (8.8 to 36.2) 51 (39 to 63)

Baseline extension 0.9 0.22

  Metastatic 6.1 (2.6 to 9.6) 50 (43 to 58) 24.1 (19.5 to 28.8) 63 (56 to 71)

  Locally advanced 3.8 (1.3 to 6.2) 25 (2 to 48) NR 100 (NA)

Previous lines 0.28 0.096

  0–1 5.6 (0.8 to 10.3) 49 (39 to 59) NR 76 (67 to 86)

  >1 4.1 (0.6 to 7.7) 47 (37 to 58) 21 (6.5 to 35.6) 55 (44 to 66)

Previous antiangiogenic 0.27 0.71

  No 4.4 (2.6 to 6.2) 41 (33 to 49) 24.1 (19.7 to 28.6) 65 (57 to 73)

  Yes 15.5 (4.3 to 26.7) 73 (59 to 86) NR 72 (58 to 86)

Central RECIST response 0.005 0.01

  CR/PR 11.7 (10.9 to 12.4) 100 NR 100

  SD 3.7 (1.6 to 5.9) 39 NR 75

  PD 0 0 3.9 (0 to 11.6) 44

Central Choi response 0.005 0.97

  PR 5.6 (0.6 to 10.6) 48 22.3 (19.3 to 25.3) 68

  SD 4.4 (0 to 17.8) 50 NR 80

  PD 0 0 NR 67

RNA expression genes from phase Ib and II (n=28)*

PDGFD† 0.005 0.005

  0–4.9 3.5 (1.7 to 5.2) 17 (6 to 27) 9.8 (7.2 to 12.5) 25 (12 to 37)

  >4.9 11.5 (3.9 to 19.1) 74 (63 to 85) NR 93 (87 to 100)

IL16† 0.005 0.022

  0–6.1 4 (2.5 to 5.5) 24 (14 to 35) 13.9 (0.6 to 27.3) 47 (35 to 59)

  >6.1 13.5 (8.2 to 18.8) 90 (80 to 99) NR 90 (80 to 99)

TAL1† 0.01 0.007

  0–3.5 3 (0.2 to 5.7) 12 (1 to 24) 8.4 (0 to 18.7) 25 (10 to 40)

  >3.5 7.5 (3.8 to 11.1) 64 (53 to 75) NR 79 (70 to 88)

IL23A† 0.27 0.018

  0–4.1 5.2 (2.1 to 8.2) 38 (25 to 52) 12.7 (6.2 to 19.2) 38 (25 to 52)

  >4.1 7.5 (2 to 12.9) 58 (45 to 71) NR 86 (76 to 95)

TNFSF13B† 0.017 0.007

  0–5.3 3 (0.1 to 5.9) 10 (0 to 19) 9.8 (0 to 21.4) 30 (15 to 44)

  >5.3 7.5 (4.2 to 10.7) 71 (60 to 82) NR 82 (73 to 92)

CD276† 0.005 0.005

  0–8.4 9.6 (4.8 to 14.4) 67 (56 to 78) NR 83 (74 to 92)

  >8.4 3 (0.5 to 5.4) 11 (1 to 22) 8.4 (0 to 17.5) 22 (8 to 36)

Continued
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greatly associated with metabolic and energetic processes 
(online supplemental figure 3).

Other clinical and translational results are described in 
online supplemental results.

DISCUSSION
In this phase Ib/II trial, we found that the 6- month PFSR 
was 48% according to RECIST and independent central 
review. This outcome widely exceeds the 15% considered 
promising in the statistical assumption of this trial. This 
threshold was based on the European Organisation for 
Research and Treatment of Cancer (EORTC) recom-
mendation cut- off for activity, in terms of 6- month PFSR, 
in second line drugs of advanced STS.22 This indicator 
was chosen considering that a valuable immunotherapy 
should induce durable disease control; accordingly, 
3- month PFSR would not be useful enough in detecting 
the potential added value of immunomodulation in 
sarcoma. The scheme was in general manageable even 
when it required transient dose interruptions in up to 
59% of patients. Neutropenia, which could be related 
to FLT3 inhibition by sunitinib,23 was found at a higher 
proportion than sarcoma trials with anti- PD-1 alone19 or 
sunitinib alone.24 The difference with the latter could be 
explained by the shorter use of sunitinib due to earlier 
progression in the monotherapy trial.

The mOS of 24 months is worth mentioning; phase III 
trials showing significant benefits of some active drugs in 
STS second line reported mOS ranging from 12.5 to 13.5 
months.25–27 It will be important to analyze postprotocol 
therapies and microenvironment transformation after the 
immunomodulatory treatment since the clinical impact 
of the sunitinib and nivolumab scheme could also have an 
influence on subsequent postprotocol therapies. We have 
analyzed the potential bias of selecting some more indolent 

histologies or those histologies more sensitive to antiangio-
genics as the reason for this prolonged survival, but we did 
not find significant differences in survival between groups.

The 6- month PFSR of 48% and the mOS of 24 months 
showed in our trial favorably compare with the activity 
reported with anti- PD-1 or sunitinib in monotherapy in 
previous STS trials. The SARC028 study reported 32% and 
11.4 months for 6- month PFSR and mOS, respectively, in 
42 patients with STS treated with pembrolizumab.19 Never-
theless, the SARC028 study selected the four more frequent 
histotypes for the STS cohort, making comparison with our 
study difficult since only synovial sarcoma and UPS were 
common histologies in both trials. The Alliance-091401 
trial reported 15% and 10.7 months, respectively, for the 
same indicators in 43 patients with STS treated in the mono-
therapy arm with nivolumab.17 Another study was prema-
turely closed, with 12 patients with uterine leiomyosarcoma 
treated with nivolumab, after observing an mPFS of 1.8 
months at the interim analysis and with no patient free of 
progression at 6 months.18 Sunitinib was also trialed as mono-
therapy in a phase II study of 50 patients with STS, reporting 
a 6- month PFSR of 22% with an mPFS of 1.8 months, while 
OS data were not provided.24 Of note, the GMI in our study 
is comparable with those reported with active chemotherapy 
in second line,28 and the median elapsed time of 1.17 months 
between previous progression and enrollment reinforces the 
outcome in terms of PFS. Furthermore, the GMI in the subset 
of subtypes with higher potential sensitivity to antiangiogenics 
was even better. A limitation of this study is inherent to design 
assumption: it is not possible to distinguish separately the effi-
cacy of antiangiogenic or anti- PD-1. The differences detected 
between immunomodulation with combination approach 
and monotherapy underline the feature that STS exhibits, 
in general, a cold immune microenvironment. In line with 
this, a combined immunotherapy approach tried to convert 

Demographics and clinical characteristics in phase II (n=49)

Median PFS 
(central) (95% CI)

PFS at 6 months, % 
(95% CI) P value Median OS (95% CI)

OS at 18 months, 
% (95% CI) P value

PDCD1 (PD-1)† 0.007 0.17

  0–4.5 4.1 (3.2 to 5) 32 (21 to 42) 21.1 (7.4 to 34.6) 53 (41 to 64)

  >4.5 15.5 (12.9 to 18.1) 89 (78 to 99) NR 87 (76 to 99)

CD274 (PD- L1)† 0.19 0.009

  0–4.9 4.1 (2.1 to 6.1) 33 (20 to 47) 9.9 (5.1 to 14.8) 33 (20 to 47)

  >4.9 7.5 (0 to 16.3) 61 (48 to 73) NR 87 (78 to 96)

Hierarchical clustering‡ 0.25 0.021

  Group 1 4.1 (1.8 to 6.5) 27 12.7 (6.7 to 18.7) 27

  Group 2 7.5 (6.6 to 8.3) 59 NR 59

*Samples with sufficient material for direct transcriptomics.
†Genes were categorized using ROC curves for their impact on progression- free survival and overall survival.
‡Taking into account the genes with impact on overall survival.
CR, complete response; ECOG, Eastern Cooperative Oncology Group; MFI, metastasis- free interval; NR, not- reached; OS, overall survival; 
PD, progressive disease; PD-1, programmed cell death protein 1; PD- L1, programmed death- ligand 1; PFS, progression- free survival; PR, 
partial response; RECIST, Response Evaluation Criteria in Solid Tumors; ROC, receiver operating characteristic curve; SD, stable disease.

Table 3 Continued
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a cold into inflamed microenvironment in sarcomas. Thus, 
the combination arm of Alliance-091401 addressed a double 
immune- checkpoint inhibition with nivolumab plus ipilim-
umab. Patients in the combination arm had a 6- month PFSR 
of 28% and a mOS of 14.3 months, all the efficacy indica-
tors being superior to monotherapy arm. The lower 6- month 
PFSR and the shorter OS in the combination arm in compar-
ison with our trial could be explained, at least partially, by 
the restriction in the number of ipilimumab cycles (four at 
maximum).17 Conceptually similar to our study, the adminis-
tration of antiangiogenic plus anti- PD-1 agents was explored 
in a single- center phase II trial with axitinib plus pembroli-
zumab . The 6- month PFSR was 46.9% and the mOS was 
18.7 months, which were both closely similar to our study. 
A substantially different aspect was based on the proportion 
of ASPS; while in the axitinib- pembrolizumab 36% of the 
patients had this subtype, in our trial only 7% had this diag-
nosis. Thus, for the non- ASPS cases of that trial, the mPFS was 
3 months, the 6- month PFSR was 38.1%, the mOS was 13.1 
months, while no patient survived beyond 2 years. All these 
parameters seemed to be worse than ours, although limited 
by indirect comparisons. The indolence and special sensitivity 
of this subtype to both antiangiogenic and immunomodula-
tion could have influenced the survival results. In our series, 
four of seven accrued patients with ASPS (considering both 
phases) had partial response (57%), whereas in a random-
ized phase II trial exploring cediranib versus placebo in ASPS 
the authors reported responses in 6 of 31 (19%) patients.29 
In fact, excluding ASPS from the analysis of PFS due to its 
inherent indolence, we were not able to find statistical differ-
ences between potential antiangiogenic sensitive subtypes 
and others. In other words, ASPS cases could represent 
bias for the main endpoint of 6- month PFSR. Intriguingly, 
ASPS does not exhibit some features of the classic immune 
sensitive microenvironment; thus, the proportion of tumor 
infiltrating lymphocytes, or specifically CD8+ or FOXP3+ 
subpopulations, per cubic millimeter is lower in ASPS than 
in non- translocation- related sarcomas.30 Additionally, TMB is 
lower in ASPS compared with other sarcomas, such as synovial 
sarcoma or Ewing sarcoma. The activity of anti- PD-1 in ASPS 
has been related with molecular mismatch- repair deficiency 
signature, even in the absence of high TMB, but a broader 
number of cases to confirm this point will be required.31

The proportion of responding patients, 13% in phase II or 
21% joining STS evaluable patients from phase Ib and II of 
our trial, is similar to the 18% reported with pembrolizumab 
in the SARC028 study. This could be explained by STS hetero-
geneity, even within specific subtype; for instance, from seven 
evaluable patients with UPS in our phase II, only two had 
stabilization and five had progressive disease, with an mPFS 
of 1.8 months. By contrast, in the SARC028 study, from nine 
patients with UPS, four responded, three were stable and two 
progressed, with an mPFS of 7 months. This emphasizes the 
concept of the relevance of the microenvironment in the 
immunomodulation results in sarcoma. A potential molec-
ular prognostic signature with impact on survival has been 
proposed in our exploratory translational research. Of note, 
inflammatory processes were associated with better survival, 

whereas metabolic processes were linked to worse outcome. 
The role of metabolism in tumor immune evasion has been 
previously described.32 33 Also, the significant prognostic value 
of PDGFD or IL16 overexpression in longer survival, shown in 
online supplemental results, is a finding that deserves to be 
further explored.

Based on the findings of this study, six subtypes of sarcoma 
were selected for a multicohort phase II trial, which has been 
recently activated, with the same regimen. In the translational 
research, only 28 samples were used for transcriptomics, 
which is a limitation of this study. However, a broad compre-
hensive analysis of the immune populations within the 
tumor and their association with gene signatures and clinical 
outcomes is currently ongoing and expected to be published 
as a separate correlative study. Sunitinib inhibits several 
tyrosine kinase receptors (TKR), including angiogenic (eg, 
Vascular Endothelial Growth Factor Receptor (VEGFR) types 
1 and 2, and PDGFR-α and PDGFR-β), pro- oncogenic (eg, 
fms like tyrosine kinase 3 (FLT3), rearranged during trans-
fection (RET), and KIT) or immune- related pathways (eg, 
Colony stimulating factor 1 receptor (CSF1R)). Although 
the main hypothesis of this study is to convert the sarcoma 
cold microenvironment into an inflamed one, by inhibiting 
immunosuppression driven by angiogenesis, we cannot 
discard the potential added value of targeting other TKRs. 
In fact, it seems that CSF1 expression has been described 
as an adaptive mechanism of resistance to anti- PD-1 inhi-
bition in melanoma, while the combination of anti- CSF1R 
and anti- PD-1 inhibitions was demonstrated to be active in 
BRAFV600E- driven, transplant mouse melanomas. The effi-
cacy of this combination was dependent on the elimination 
of tumor- associated macrophages (TAMs).34 Likewise, it has 
been reported that the combination of CSF1R inhibitor with 
anti- PD- L1/PD-1 axis blockage is also highly active in hepa-
tocellular carcinoma mouse models, increasing intratumoral 
CD8+ T cells infiltrate and reducing TAMs.35 Translational 
and preclinical studies will also address the potential role of 
targeting these TKRs for anti- PD-1/PD- L1 axis inhibition effi-
cacy in STS.

In conclusion, our study supports the idea that the PD-1/
PD- L1 axis inhibition per se is not enough in the context of 
STS. Combination strategies promoting inflamed microenvi-
ronment resulted in a higher efficacy in this setting. Targeting 
new immune- checkpoint inhibitors and selecting histological 
subtypes could also be advantageous in future trials. Correla-
tive studies searching predictive signatures will allow a better 
selection of patients for immunotherapy.
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Supplementary Methods 

Inclusion and exclusion criteria 

Other relevant inclusion criteria were: patients had to have measurable disease 

according to RECIST 1.1,   compulsory tumor biopsy at baseline and at week 

13th for translational purposes, Eastern Cooperative Oncology Group (ECOG) 

performance status of 0-1 and adequate hepatic, renal, cardiac and 

hematologic function. Most significant exclusion criteria were four or more 

previous lines of chemotherapy for the advance disease, previous 

administration of anti-programmed death-1 (PD.1), anti-programmed death-

ligand (PD-L1), anti PD-L2 or anti CTLA-4. Grade 3 or higher immune-related 

adverse event (pneumonitis, hepatitis, colitis, endocrinopathies) with prior 

immunotherapy or active autoimmune were also exclusion criteria.  

Procedures 

General dose-modification rules for sunitinib recommended withhold dose if 

toxicity grade 3 or 4 occurred until toxicity reduced up to grade ≤ 1, then resume 

the treatment at the same dose level, it could be considered dose reduction if 

previous grade 4 toxicity occurred. Nivolumab dose should be delayed if any 

grade ≥ 2 occurred with the exception of grade 3 skin toxicity, grade 2 fatigue or 

laboratory abnormalities. More detailed specific rules for dose modifications are 

described in the protocol. 

Even when a 3+3 design was followed, the recommended dose-level cohort 

should contain at least 10 patients for obtaining a higher safety information 

since this combination was probed to be toxic in renal carcinoma.1 Besides, a 
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de-escalation was foreseen for the same reason and after considering that the 

optimal biological dose may be lower than de maximum tolerated dose.2 

The following adverse effects observed during the 28-day observation (from day 

15 to 42) were considered DLT, grade 4 thrombocytopenia, grade 3 

thrombocytopenia with bleeding, febrile neutropenia, non-hematologic toxicity ≥ 

grade 3 or inability to complete ≥ 75% of sunitinib treatment or 2 consecutive 

doses of nivolumab due to study treatment-related toxicity. 

For both, phase Ib and II parts, treatment was continued until disease 

progression (according to RECIST 1.1), unacceptable toxicity, withdrawal of 

consent, a delay in treatment administration longer than 3 weeks, or by 

investigator decision in the context of non-compliance with the protocol 

requirements. 

Independent central review was mandatory, so that the centres had to upload 

anonymously the studies onto a web-based imaging platform for each 

assessment and it was reviewed by blinded independent central evaluation.  

Assessment of adverse events included type, severity (graded by the National 

Cancer Institute [NCI] Common Terminology for Adverse Events [CTCAE, 

version 4.0]), timing, seriousness, and relatedness with investigational 

compounds. The adverse effects were monitored every other week, coincident 

on the nivolumab administration days. 

Laboratory investigations included clinical biochemistry, blood count cells, 

coagulation test, and urinalysis for proteinuria, thyroid function test and 

pregnancy tests. 

Phase Ib secondary outcomes 
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Secondary objectives were toxicity profile according to CTCAE version 4.0, 

overall response rate (ORR) following RECIST 1.1, 6-month PFS, OS and to 

contribute to the translational studies. 

HTG Molecular OBP 

Targeted RNA-Seq was used to determine potential prognostic and/or 

predictive biomarkers. Gene expression levels were determined on pre-

treatment FFPE samples, using the HTG Oncology Biomarker Panel (OBP). 

Median OS (mOS) and PFS at 6-month were taken as grouping criteria for 

bioinformatic translational analysis. The HTG EdgeSeq Oncology Biomarker 

Panel (OBP) was chosen to measure the potential predictive value of 2549 

human RNA transcripts (https://www.htgmolecular.com/assays/obp), associated 

with tumour biology. Only samples with a minimum of 70% of tumour area, were 

initially considered for transcriptomics analyses, whereas samples with less 

than 70% tumour or greater than 20% necrotic tissue underwent macro-

dissection. Of 65 tumour samples collected at baseline in the STS cohort, 28 

had enough tissue for HTG EdgeSeq direct-transcriptomic analyses and were 

used for this assay.  

RNA-Seq libraries were synthetize with the HTG EdgeSeq Chemistry; samples 

were lysed and permeabilized to expose mRNA, which was hybridized with 

Nuclease Protection Probes (NPPs). The S1 nuclease was added to the mix, 

producing a stoichiometric amount of target mRNA/NPP duplexes. S1 nuclease 

activity was inactivated by heat. Before being included in the HTG EdgeSeq 

system, samples were randomized to decrease potential biases in the 

experiment. PCR reactions were performed with hybridized samples and using 

common adaptors essential for clustering on an Illumina sequencing platform 
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and specially designed tags, sharing common sequences that are 

complementary to both 5’- end and 3’- sequences of the probes. These tags 

contain a unique barcode that is used for sample identification and multiplexing. 

Then, the PCR product was clean-up using Agencourt AMPure XP (Beckman 

Coulter). 

The library was quantified by quantitative PCR, with KAPA Library 

Quantification kit (Roche), according manufacturer´s instructions. All samples 

and controls were quantified in triplicate and no template control was included in 

each run. The denaturation of libraries was achieved by adding first 2N NaOH, 

followed by the addition of 2N HCl. The PhiX was spiked at a 5% (concentration 

of 12.5 pM). The normalized libraries were sequenced by NGS.  

A demultiplexed FASTQ file was retrieved for each sample for data processing. 

HTG EdgeSeq host software was used to align the FASTQ files to the probe 

list. Afterwards, the results were parsed and the output obtained as a read 

counts matrix.  

Data filtering and normalization 

The baseline performance was evaluated, using negative control probes as 

quality control, as previously described.3 More precisely, the mean of negative 

probes for each sample was calculated, and the difference between negative 

control average and the mean of all negative control probes was obtained 

(Δmean). Those samples with a Δmean outside the bounds of +/-2SD were 

excluded from final data analyses. 

The trimmed mean of M-values (TMM) method was applied for data 

normalization, using the EdgeR package from R/Bioconductor, adjusting for the 

total reads within a sample.4 Genes with uniformly low expression were 
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removed from data analyses and those genes with an expression value over all 

negative control probes (maximum value of 42.21) in at least 3 samples were 

selected.  

Differential gene expression  

For bioinformatics data analyses, samples were grouped according to phase II 

primary endpoint (PFS rate at 6-months) or median OS. The better prognosis 

group included samples with a PFS value higher than 6.0 months, while the 

worse prognosis group embraced samples with PFS lower than 6.0 months. 

Likewise, better prognosis group included samples with an OS higher than the 

median (17.4 months), while the worse prognosis group comprised those cases 

with an OS lower than 17.4 months.  

Differential gene expression was evaluated considering all the 2549 transcripts 

included in the OBP assay. However, to better define the role of immune-

system in trial patient outcome, differential gene expression was also performed 

taking into account only the genes focused on tumour/immune interaction that 

are included in the OBP assay. Accordingly, of the 2549 genes included in the 

OBP, 732 genes were selected and used in this analyses. These genes were 

selected based on the HTG EdgeSeq Precision Immuno-Oncology (PIO) Panel, 

which measures the immune response in both tumor and its surrounding 

microenvironment. Of the 1392 genes that compose the PIO panel, 732 are 

present in the OBP assay. 

A negative binomial generalized log-linear model was applied to evaluate 

differential gene expression, using the EdgeR package and implementing the 

method proposed by Robinson and Smyth.5 Benjamini & Hochberg correction 

for multiple comparisons was applied and a p-value threshold of 0.05 was set 
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for significance.6 Fold change values were obtained, along with p-values and 

adjusted p-values for all the genes evaluated. None of the genes analysed 

remained significant after Benjamini-Hochberg multiple comparisons correction. 

Batch effect was taken into account by adding batch information to the model as 

a co-variable. For data visualization and later analyses, normalized log-cpm 

values were obtained and variability due to batch effect was removed using 

removeBatchEffect method implemented in limma R package. 

Hierarchical clustering was performed using normalized expression data from 

genes significantly different according to the OS, for this purpose, Euclidean 

distance between samples and genes was calculated and samples were then 

clustered using complete-linkage clustering method scaled by gene.7 

Samples were categorized according to the groups obtained by this 

clusterization and those overexpressed and infra-expressed genes 

characterizing each group were selected after performing a t-test to evaluate 

median differences between each group and the remaining groups altogether. 

Using enrichR tool, available as an R package8 9, we performed an enrichment 

analysis of the selected genes in KEGG Human Pathways, obtaining those cell 

functions enriched in the genes comprising each signature. This analysis was 

performed for each group independently and considering the genes 

overexpressed in each group.  

All analyses were performed with R/Bioconductor (3.10) running on R version 

3.6.0.  

ProcartaPlex multiplex immunoassays 

The levels of 65 soluble protein targets were determined in plasma samples of 

10 patients enrolled in phase Ib part of the trial, using the Human Immune 
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Monitoring 65-plex ProcartaPlex Panel (Invitrogen, Carlsbad, CA, USA), as an 

exploratory analysis. Plasma was separated from peripheral blood samples 

using Ficoll-Paque®. The ProcartaPlex multiplex immunoassay was performed 

following manufacturers’ instructions and using 20µl of plasma. The protein 

levels were quantified using Luminex technology.  

Observed signalling from standard samples (with known protein concentration) 

was used to obtain the calibration line, then, data was fitted to a linear model 

and expected protein concentration values were predicted. These values were 

used as protein concentration data for univariate statistical analyses.  

Statistical analysis 

Variables following binomial distributions (i.e. proportion of OR) were expressed 

as frequencies and percentages. In univariate analysis were analysed the 

following clinic-pathological factors as categorical variables: age (categorised 

according to the median value), MFI, baseline ECOG or extension, histology 

group, number of previous lines and previous antiangiogenic therapy. Genes 

proven to be differentially expressed in the bioinformatics’ analysis were also 

analysed in a univariate analysis. These genes were selected based on its p-

value and fold change determined in the bioinformatic analysis. Nevertheless, 

PDCD1 (PD-1) and CD274 (PD-L1) were also analysed, independently of its p-

value and fold change. For the translational study, selected genes were 

categorized using ROC curves for their impact in progression and death. All p-

values reported were two-sided, and statistical significance was defined at 

p<0.05. The software package used for statistical analysis was SPSS Statistics 

(version 26). 
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Supplementary results 

Previous systemic lines 

The median of previous systemic lines, before enrolment, were 1 (0-4), 45 of 52 

patients (87%) had received at least one previous systemic line and 24 of 52 

patients (46%) had received more than one previous systemic line. Previous 

antiangiogenic lines were reported in 11 of 52 patients (21%). 

Biomarkers analysis 

Among the 2.549 genes screened at baseline 274 and 326 genes showed 

prognostic role for PFS or for OS, respectively. PDGFD and IL16 showed to be 

the most significant predictors for prognosis (table 3). Overexpression at 

baseline of IL-16 in plasma was also significantly associated with better OS: 

20.6 (95% CI 19.2-20.1) vs 8.4 (95% CI 6.2-10.5), p=0.027.  

Selection of genes for functional enrichment analysis 

Hierarchical clustering of the 102 genes with impact in OS, classified samples in 

two groups with different outcomes. For KEGG functional enrichment analysis 

and to evaluate whether the two groups have prognosis value on its own or not, 

samples were re-categorized according to OS, and the differences in gene 

expression evaluated. A total of 84 genes showed different mean values in both 

groups, of which 59 withstood Bonferroni correction (Supplementary Table 2). 

70 genes were overexpressed in group 2 and 14 in group 1.  
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Supplementary Table 1 – Toxicity profile of phase II part 

 

 

 

PHASE II (N = 52) 

Type of adverse event (n=52) 
Any grade 
N (%) 

Grade 1-2 
N (%) 

Grade 3 
N (%) 

Grade 4 
N (%) 

Grade 5 
N (%) 

Hematological toxicity 

Leukopenia  24 (46.2%)   22 (42.3%)   2 (3.8%)  0  0 

Neutropenia  23 (44.2%)  17 (32.7%)   6 (11.5%)  0  0 

Anemia  19 (36.5%)   19 (36.5%)    0  0  0 

Thrombocytopenia  16 (30.8%)  13 (25.0%)   2 (3.8%)  1 (1.9%)  0 

Lymphopenia  10 (19.2%)   8 (15.4%)   2 (3.8%)  0  0 

Febrile neutropenia   1 (1.9%)   0   1 (1.9%)  0  0 

Non-hematological toxicity 

Fatigue  33 (63.5%)  28 (53.8%)   5 (9.6%)  0  0 

AST increased  25 (48.0%)   19 (36.5%)   6 (11.5%)  0  0 

ALT increased  24 (46.2%)  15 (28.8%)   9 (17.3%)  0  0 

Hypertension  24 (46.2%)  19 (36.5%)   5 (9.6%)  0  0 

Diarrhea  22 (42.3%)  20 (38.5%)   2 (3.8%)  0  0 

Mucositis oral  22 (42.3%)  21 (40.4%)   1 (1.9%)  0  0 

ALP increased  10 (19.2%)  10 (19.2%)   0  0  0 

Nausea  10 (19.2%)  10 (19.2%)   0  0  0 

Hypothyroidism  10 (19.2%)  10 (19.2%)   0  0  0 

Vomiting  10 (19.2%)  10 (19.2%)   0  0  0 

Anorexia   8 (15.4%)   7 (13.5%)   1 (1.9%)  0  0 

Dysgeusia   8 (15.4%)   8 (15.4%)   0  0  0 

Arthralgia   7 (13.5%)   7 (13.5%)   0  0  0 

Edema   7 (13.5%)   7 (13.5%)   0  0  0 

Dyspepsia   6 (11.5%)   6 (11.5%)   0  0  0 

Myalgia   6 (11.5%)   6 (11.5%)   0  0  0 

Skin/subcutaneous tissue 
disorders 

  6 (11.5%)   6 (11.5%)   0  0  0 

GGT increased   5 (9.6%)   4 (7.7%)   1 (1.9%)  0  0 

Palmar-plantar 
erythrodysesthesia syndrome 

  5 (9.6%)   5 (9.6%)   0  0  0 

Weight loss   5 (9.6%)   5 (9.6%)   0  0  0 

Creatinine increased   4 (7.7%)    2 (3.8%)    1 (1.9%)  1 (1.9%)  0 

Body Pain   4 (7.7%)   3 (5.8%)   1 (1.9%)  0  0 

Epistaxis   4 (7.7%)   4 (7.7%)   0  0  0 

Hair color changes   4 (7.7%)   3 (5.8%)   1 (1.9%)  0  0 

Bronchopulmonary hemorrhage   3 (5.8%)   2 (3.8%)   1 (1.9%)  0  0 

Dry mouth   3 (5.8%)   3 (5.8%)   0  0  0 

Heart failure   3 (5.8%)   3 (5.8%)   0  0  0 

Hypophosphatemia   3 (5.8%)   2 (3.8%)   1 (1.9%)  0  0 
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Supplementary Table 2 – Genes with different mean values in both groups clustered 

taking into account medial overall survival 

gene Statistic dm p.value FDR Bonferroni UP/DOWN 

SUSD3 -7,08 -1,98 1,63E-07 8,01E-06 1,66E-05 DOWN 

CXCL11 -7,05 -2,12 1,72E-07 8,01E-06 1,75E-05 DOWN 

CASP5 -6,82 -2,46 3,06E-07 8,01E-06 3,12E-05 DOWN 

CXCR5 -6,81 -2,29 3,14E-07 8,01E-06 3,20E-05 DOWN 

NLRP3 -6,45 -1,70 7,71E-07 1,57E-05 7,87E-05 DOWN 

CD79A -6,16 -2,09 1,62E-06 2,18E-05 1,65E-04 DOWN 

CCL23 -6,10 -1,90 1,92E-06 2,18E-05 1,95E-04 DOWN 

MS4A1 -6,09 -2,75 1,94E-06 2,18E-05 1,97E-04 DOWN 

IL21 -6,07 -2,64 2,03E-06 2,18E-05 2,07E-04 DOWN 

CXCR2 -6,05 -2,13 2,14E-06 2,18E-05 2,18E-04 DOWN 

FASLG -5,98 -2,45 2,61E-06 2,42E-05 2,66E-04 DOWN 

IL5 -5,84 -2,85 3,69E-06 3,14E-05 3,77E-04 DOWN 

IRGM -5,67 -1,95 5,85E-06 4,34E-05 5,97E-04 DOWN 

CXCR1 -5,64 -2,36 6,28E-06 4,34E-05 6,40E-04 DOWN 

CCR8 -5,62 -2,53 6,58E-06 4,34E-05 6,72E-04 DOWN 

CCL8 -5,59 -2,56 7,21E-06 4,34E-05 7,36E-04 DOWN 

XCL1 -5,58 -2,73 7,24E-06 4,34E-05 7,39E-04 DOWN 

CXCR6 -5,55 -1,44 7,86E-06 4,45E-05 8,02E-04 DOWN 

TNFSF14 -5,53 -2,70 8,31E-06 4,46E-05 8,48E-04 DOWN 

IL1B -5,44 -2,25 1,06E-05 5,15E-05 1,08E-03 DOWN 

IL22RA2 -5,42 -2,73 1,10E-05 5,15E-05 1,12E-03 DOWN 

IL17F -5,40 -2,46 1,19E-05 5,15E-05 1,21E-03 DOWN 

CD160 -5,38 -2,78 1,24E-05 5,15E-05 1,27E-03 DOWN 

CCR3 -5,37 -2,19 1,26E-05 5,15E-05 1,29E-03 DOWN 

CCL7 -5,37 -2,40 1,26E-05 5,15E-05 1,29E-03 DOWN 

IL5RA -5,25 -2,22 1,72E-05 6,75E-05 1,76E-03 DOWN 

MMP11 5,21 2,98 1,92E-05 7,24E-05 1,95E-03 UP 

LYN -5,15 -2,00 2,27E-05 8,01E-05 2,32E-03 DOWN 

IL1A -5,15 -2,12 2,28E-05 8,01E-05 2,32E-03 DOWN 

SMPDL3B -5,11 -2,07 2,54E-05 8,24E-05 2,59E-03 DOWN 

CCL3 -5,10 -2,63 2,60E-05 8,24E-05 2,65E-03 DOWN 

TNFRSF9 -5,09 -2,51 2,66E-05 8,24E-05 2,71E-03 DOWN 

IL3 -5,08 -2,52 2,71E-05 8,24E-05 2,76E-03 DOWN 

LIPE -5,08 -2,40 2,75E-05 8,24E-05 2,80E-03 DOWN 

AICDA -5,02 -2,12 3,21E-05 9,37E-05 3,28E-03 DOWN 

GZMH -4,93 -1,94 4,02E-05 1,13E-04 4,10E-03 DOWN 

RBX1 4,93 0,70 4,09E-05 1,13E-04 4,17E-03 UP 

CSF3 -4,77 -2,73 6,13E-05 1,65E-04 6,26E-03 DOWN 

IFNG -4,75 -2,14 6,44E-05 1,68E-04 6,56E-03 DOWN 

LTA -4,71 -2,00 7,29E-05 1,86E-04 7,43E-03 DOWN 
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TAL1 -4,68 -2,60 7,78E-05 1,94E-04 7,94E-03 DOWN 

IL7 -4,66 -1,85 8,33E-05 2,01E-04 8,50E-03 DOWN 

CCR9 -4,65 -2,16 8,48E-05 2,01E-04 8,65E-03 DOWN 

CD274 -4,63 -1,71 8,89E-05 2,02E-04 9,07E-03 DOWN 

IL17A -4,63 -2,17 8,92E-05 2,02E-04 9,10E-03 DOWN 

CXCL8 -4,58 -2,09 1,01E-04 2,23E-04 1,03E-02 DOWN 

WNT7B -4,56 -1,95 1,06E-04 2,31E-04 1,09E-02 DOWN 

CRP -4,54 -2,93 1,14E-04 2,42E-04 1,16E-02 DOWN 

IL19 -4,53 -1,88 1,16E-04 2,42E-04 1,18E-02 DOWN 

IFNB1 -4,47 -2,39 1,38E-04 2,81E-04 1,41E-02 DOWN 

KRT13 -4,45 -2,14 1,43E-04 2,85E-04 1,45E-02 DOWN 

ABCC6 -4,37 -2,39 1,78E-04 3,50E-04 1,82E-02 DOWN 

CCRL2 -4,31 -1,81 2,09E-04 4,02E-04 2,13E-02 DOWN 

SLC2A1 4,22 2,30 2,62E-04 4,96E-04 2,68E-02 UP 

TNF -4,21 -2,17 2,73E-04 5,06E-04 2,78E-02 DOWN 

CCR7 -4,18 -2,04 2,88E-04 5,25E-04 2,94E-02 DOWN 

NOD2 -4,18 -1,27 2,95E-04 5,29E-04 3,01E-02 DOWN 

S100B 4,07 3,15 3,92E-04 6,89E-04 4,00E-02 UP 

CD55 4,03 2,24 4,35E-04 7,52E-04 4,44E-02 UP 

OSM -3,91 -1,82 5,86E-04 9,95E-04 5,97E-02 DOWN 

HNF1B -3,87 -2,66 6,64E-04 1,10E-03 6,77E-02 DOWN 

XCR1 -3,86 -1,46 6,66E-04 1,10E-03 6,80E-02 DOWN 

PRR15L -3,77 -2,04 8,41E-04 1,36E-03 8,58E-02 DOWN 

IRF1 -3,75 -1,63 9,00E-04 1,43E-03 9,18E-02 DOWN 

FLT3 -3,72 -1,90 9,55E-04 1,50E-03 9,75E-02 DOWN 

IBSP -3,71 -2,18 1,00E-03 1,55E-03 1,02E-01 DOWN 

GPI 3,59 1,14 1,34E-03 2,04E-03 1,36E-01 UP 

LTB -3,51 -1,74 1,64E-03 2,46E-03 1,67E-01 DOWN 

CCR10 -3,47 -1,46 1,82E-03 2,70E-03 1,86E-01 DOWN 

MIF 3,42 1,51 2,06E-03 3,00E-03 2,10E-01 UP 

LAG3 -3,29 -1,99 2,85E-03 4,10E-03 2,91E-01 DOWN 

CXCL3 -3,23 -1,78 3,37E-03 4,78E-03 3,44E-01 DOWN 

ERBB3 3,20 3,19 3,63E-03 5,07E-03 3,70E-01 UP 

ITLN2 -3,07 -2,09 4,92E-03 6,78E-03 5,01E-01 DOWN 

IDH1 3,02 0,74 5,55E-03 7,55E-03 5,66E-01 UP 

FOXP3 -2,98 -1,82 6,18E-03 8,30E-03 6,31E-01 DOWN 

OLR1 -2,94 -1,21 6,88E-03 9,11E-03 7,02E-01 DOWN 

MAP2K2 2,85 0,70 8,47E-03 1,11E-02 8,63E-01 UP 

IL16 -2,79 -1,39 9,72E-03 1,26E-02 9,92E-01 DOWN 

CCL15 -2,57 -1,42 1,64E-02 2,09E-02 1,00E+00 DOWN 

ENO1 2,48 1,25 1,97E-02 2,48E-02 1,00E+00 UP 

CREB5 2,32 1,11 2,82E-02 3,50E-02 1,00E+00 UP 

HK2 2,26 1,18 3,25E-02 4,00E-02 1,00E+00 UP 

MYC 2,22 1,49 3,51E-02 4,27E-02 1,00E+00 UP 

Dm: difference of means; Down and up means that the gene is over or infra-expressed in group 2, respectively.  
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