
Citation: Evrard, D.; Dumont, C.;

Gatineau, M.; Delord, J.-P.; Fayette, J.;

Dreyer, C.; Tijeras-Raballand, A.; de

Gramont, A.; Delattre, J.-F.; Granier,

M.; et al. Targeting the Tumor

Microenvironment through mTOR

Inhibition and Chemotherapy as

Induction Therapy for Locally

Advanced Head and Neck Squamous

Cell Carcinoma: The CAPRA Study.

Cancers 2022, 14, 4509. https://

doi.org/10.3390/cancers14184509

Academic Editor: Dirk Rades

Received: 7 August 2022

Accepted: 13 September 2022

Published: 17 September 2022

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

cancers

Article

Targeting the Tumor Microenvironment through mTOR
Inhibition and Chemotherapy as Induction Therapy for Locally
Advanced Head and Neck Squamous Cell Carcinoma: The
CAPRA Study
Diane Evrard 1,*, Clément Dumont 2 , Michel Gatineau 3, Jean-Pierre Delord 4, Jérôme Fayette 5 ,
Chantal Dreyer 6, Annemilaï Tijeras-Raballand 7, Armand de Gramont 7, Jean-François Delattre 2, Muriel Granier 7,
Nasredine Aissat 6, Marie-Line Garcia-Larnicol 6, Khemaies Slimane 8, Benoist Chibaudel 6, Eric Raymond 3,
Christophe Le Tourneau 9,† and Sandrine Faivre 2,†

1 Department of Otorhinolaryngology, Bichat University Hospital, Université Paris Cité, 75018 Paris, France
2 Medical Oncology Department, Saint-Louis Hospital, Université Paris Cité, 75010 Paris, France
3 Medical Oncology Department, Paris-St Joseph Hospital, 75014 Paris, France
4 Institut Claudius Regaud, 31000 Toulouse, France
5 Centre Léon Bérard, 69000 Lyon, France
6 GERCOR, 75011 Paris, France
7 AFR Oncology, 92012 Boulogne-Billancourt, France
8 Novartis Pharma SAS, 92063 Rueil-Malmaison, France
9 Department of Drug Development and Innovation (D3i), Institut Curie, INSERM U909 Research Unit,

Paris-Saclay University, 75005 Paris, France
* Correspondence: evrard.diane@gmail.com
† These authors contributed equally to this work.

Simple Summary: The PI3K-AKT-mTOR pathway is dysregulated in 70% of head and neck squa-
mous cell carcinoma (HNSCC) and linked to the tumor microenvironment. This weekly induction
treatment combined the mTOR inhibitor everolimus with carboplatin-paclitaxel chemotherapy for
locally advanced T3-4/N0-3 HNSCC. In 41 patients, safety profile was favorable and overall response
rate was 75.6%. Translational data demonstrated specific target engagement with p-S6K decrease
in tumor tissue and pro-immunogenic cytokine release in peripheral blood. Induction treatment
with chemotherapy and mTOR inhibitors may provide new therapeutic options and rationale for
combinations with immune oncology agents for locally advanced HNSCC.

Abstract: Mammalian target of rapamycin (mTOR) regulates cellular functions by integrating intra-
cellular signals and signals from the tumor microenvironment (TME). The PI3K-AKT-mTOR pathway
is activated in 70% of head and neck squamous cell carcinoma (HNSCC) and associated with poor
prognosis. This phase I-II study investigated the effect of mTOR inhibition using weekly everolimus
(30 mg for dose level 1, 50 mg for dose level 2) combined with weekly induction chemotherapy
(AUC2 carboplatin and 60 mg/m2 paclitaxel) in treatment-naïve patients with locally advanced
T3-4/N0-3 HNSCC. Patients received 9 weekly cycles before chemoradiotherapy. Objectives were
safety and antitumor activity along with tissue and blood molecular biomarkers. A total of 50 patients
were enrolled. Among 41 evaluable patients treated at the recommended dose of 50 mg everolimus
weekly, tolerance was good and overall response rate was 75.6%, including 20 major responses (≥50%
reduction in tumor size). A significant decrease in expression of p-S6K (p-value: 0.007) and Ki67
(p-value: 0.01) was observed in post-treatment tumor tissue. Pro-immunogenic cytokine release
(Th1 cytokines IFN-γ, IL-2, and TNF-β) was observed in the peripheral blood. The combination
of everolimus and chemotherapy in HNSCC was safe and achieved major tumor responses. This
strategy favorably impacts the TME and might be combined with immunotherapeutic agents.
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1. Introduction

Head and neck squamous cell carcinoma (HNSCC) is the most frequent tumor of the
head and neck region and the sixth most frequent cancer worldwide. The main risk factors
are tobacco/alcohol consumption and human papillomavirus (HPV) infection [1]. Locally
advanced HNSCC is a candidate for concomitant chemoradiotherapy with platinum-based
chemotherapy or cetuximab.

Induction chemotherapy is still a matter of debate [2]; however, this approach could
contribute to multidisciplinary strategies against tumor recurrence. The overall response
rate (ORR) using induction chemotherapy with cisplatin, 5FU, and docetaxel (TPF) in phase
III trials is 68–72% [3,4].

Seeking induction regimens with more manageable safety and weekly administration
of carboplatin and paclitaxel as induction chemotherapy was investigated across phase
II trials. In a study by Vokes et al., 69 patients received six weekly doses of carboplatin
(AUC2) and paclitaxel (135 mg/m2), yielding an 87% objective response rate; the most
common grade 3 or 4 toxicity was neutropenia (36%) [5]. Another trial by Ready et al. using
the same dose and schedule in 35 patients reported an overall response rate with induction
of 79% [6]. The more manageable safety profile of this weekly combination makes it an
ideal backbone for candidate combination regimens.

Mammalian target of rapamycin (mTOR) is a serine/threonine kinase acting down-
stream of the activation of phosphatidylinositol 3-kinase (PI3K) [7]. Pathological activation
of the PI3K-AKT-mTOR pathway has been reported in >70% of HNSCC and is associated
with poor prognosis [8]. It is a mechanism of resistance to platinum compounds, and
the addition of mTOR inhibitors to platinum-based chemotherapy could potentiate the
proapoptotic effects of platinum compounds and taxanes in HNSCC cells [8–11]. Moreover,
in the tumor microenvironment (TME), the activity of most immune cell types is affected
by the PI3K-AKT-mTOR pathway [12,13]. Indeed, mTOR signaling interacts with TME
through programmed cancer cell death axis (PD-L1/PD1) that is stimulated by PTEN
deletion or loss of function [14,15], as well as effects on T cell differentiation [16,17]. Thus,
besides its tumor-targeted mode of action, mTOR inhibition may also affect the antitumor
immune response within the TME.

The CAPRA study (CArboplatin, Paclitaxel, RAD001) was a phase I-II study designed
to assess the feasibility of adding everolimus (previously denominated RAD001) to weekly
carboplatin and paclitaxel as induction chemotherapy in patients with untreated locally
advanced HNSCC. We used a nine-weekly administration schedule to match the 9 weeks
duration of usual chemotherapy induction with three cycles of TPF. CAPRA was followed
by concurrent chemoradiotherapy whenever possible. The maximum tolerated and recom-
mended phase II dose of everolimus when administered in combination with carboplatin
and paclitaxel was evaluated. Analyses of TME-derived blood and tumor tissue biomarkers
were performed to identify patients who may derive most benefit from this combination.

2. Materials and Methods
2.1. Eligibility Criteria

All patients had histologically proven squamous cell carcinoma of the oral cavity,
oropharynx, larynx, or hypopharynx. Tumors were unresectable locally advanced disease
(T3-4/N0-N3), or resectable but with contra-indication to surgery. Eligible patients had
not received prior chemotherapy or radiotherapy; had a WHO performance status (PS)
of 0 to 2; were older than 18 years; had no uncontrolled infection; and had adequate
hematologic (neutrophil count ≥ 1500/mL; platelet count ≥ 100,000/mL), renal (serum
creatinine ≤ 3 mg/dL or clearance ≥ 40 mL/min), and hepatic (bilirubin ≤ 1.5 × the upper
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limit of normal values and alkaline phosphatases ≤ 5 × the upper limit of normal) functions.
Presence of distant metastases was an exclusion criterion. The study was conducted in
accordance with ICH Good Clinical Practice guidelines and the Declaration of Helsinki.
The protocol was approved by the institutional ethics committee at each participating
center, and written informed consent was obtained from each patient. The clinical trial was
registered: NCT01333085.

2.2. Study Design and Treatment

This study used a standard 3 + 3 dose escalation design, with weekly paclitaxel
60 mg/m2 over 1 h and carboplatin area under the curve 2 (AUC2) over 1 h by intravenous
infusion, then escalating doses of weekly oral everolimus starting at the dose of 30 mg/week
and escalating up to 50 mg/week, 1 h before or 2 hours after lunch. Treatment was given
for nine consecutive weekly cycles or until clinical evidence of disease progression or
unacceptable toxicity. Before paclitaxel infusion in weeks 1–3, premedication with dex-
chlorpheniramine 5 mg was recommended. After completion of induction chemotherapy,
patients could either undergo exclusive radiotherapy; concomitant radio-chemotherapy
with either cisplatin 100 mg/m2 on days 1, 22, and 43 or weekly cetuximab; or surgery. A
minimum of 3 patients were enrolled at each dose level and followed for 4 weeks before
accrual of other patients to the next higher dose level. If a patient withdrew before complet-
ing 7 days of therapy without experiencing a dose-limiting toxicity (DLT), an additional
patient was added to the dose level. Patients with a treatment delay of ≥2 weeks due to
adverse events (AEs) were not replaced (considered to be DLT). If no patients experienced
a DLT, enrolment was performed at the next dose level. If 1 out of 3 patients experienced
a DLT, the cohort was expanded to 6 patients; if no additional DLTs were observed, dose
could be escalated in next cohort enrolled; if ≥1 additional DLT was observed, dose would
be considered to be the maximum tolerated dose (MTD). DLT was defined during the
first 4 weeks of treatment as any of the following: absolute neutrophil count <0.5 × 109

persisting for ≥7 days; febrile neutropenia; grade 3 thrombocytopenia persisting for ≥7
days; platelets <25 × 109/L; bleeding considered imputable to thrombocytopenia; grade
≥3 diarrhea despite optimal treatment; grade ≥3 rash (or grade 2 if medically concerning
or unacceptable to the patient); grade 3 or >7 days grade 2 non-infectious pneumonitis;
other grade ≥3 AEs considered imputable to treatment and persisting for ≥7 days despite
optimal treatment, or recurring during the same cycle; any AE requiring a delay to the
next treatment cycle of ≥2 weeks; any AE necessitating reduced doses of paclitaxel to <45
mg/m2 or carboplatin to <AUC1.5. Phase II expansion patients received 50 mg/week
everolimus after assessment of tolerability in phase I. Cycle delay was allowed up to 14
days for each weekly administration. Dose adaptations of each drug were allowed accord-
ing to the following next lower weekly dose level: carboplatin AUC1.5 instead of AUC2,
paclitaxel 45 m/m2 instead of 60 mg/m2, everolimus 30 mg instead of 50 mg. The phase
II expansion was conducted according to a Simon two-stage design, which required at
least 16 of the initial 25 patients to display objective tumor response at 12 weeks before
proceeding with enrollment to a total of 45 patients.

2.3. On-Study Evaluation

Safety parameters assessed at baseline and study visits included physical examination,
vital signs, WHO performance status, hematology, blood chemistry, and urinalysis. Patients
were examined weekly during phase I of the study, and every 3 weeks during phase
II; final assessment was performed within 14 days of last treatment and completion of
radiation therapy. Toxicity was monitored throughout treatment and graded according
to the National Cancer Institute Common Terminology Criteria for Adverse Events (NCI-
CTCAE, V3.0). Cervicothoracic CT scans were performed at screening, and at the end of
induction chemotherapy according to protocol (week 11) to evaluate response. Tumor
response was assessed by the investigator according to Response Evaluation Criteria in
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Solid Tumors (RECIST, v1.1). Subsequent locoregional therapy was reported whenever
evaluable from medical reports.

2.4. Endpoints and Statistics

For the phase I part, the primary objective was to evaluate the safety and determine
the weekly recommended dose of everolimus to be combined with weekly carboplatin and
paclitaxel. For the phase II expansion part, the primary endpoint was overall response
rate (ORR) according to RECIST after completion of induction treatment for all patients
treated with the recommended dose of everolimus. All treated patients were included in the
safety analysis. Additional secondary objectives included toxicity profile and translational
research assessing tumor and blood biomarkers aiming at identifying sensitivity/resistance
factors to induction treatment. With consideration to published reports, a 60% 9-week ORR
was considered unsufficient (P0) and 80% ORR was considered as clinically relevant (P1).
A sample size of 45 patients was calculated on the basis of the Simon two-stage design to
provide 90% power with 0.05 significance level for testing. If at least 34 (75.5%) patients
experienced an objective response, the combination therapy would be considered effective.

2.5. Translational Research

In one patient with a technically accessible tumor, an explanatory ex vivo pharmaco-
dynamic study was performed on a pre-treatment biopsy. Fresh tumor tissue was 300 µm
sliced, then incubated during 48 h with 0.1 µM everolimus or dimethylsulphoxide (DMSO;
control). Ki67, caspase 3, and phosphorylation of downstream S6 kinase 1 (p-S6K) expres-
sion were evaluated by immunohistochemistry (IHC) before and after exposure.

In nine patients, biopsies were performed at screening and at the end of induction
therapy (week 9) and reviewed centrally in the pathology department at Beaujon University
Hospital, Clichy-La-Garenne, France. Biomarkers were evaluated by IHC or immunofluo-
rescence (IF), using Ki67 and p-S6K.

For IHC studies realized with BenchMark (Ventana Medical Systems), samples were
deparaffinized, embedded with Cell conditionning 1 (Ventana Medical Systems, 950-124,
Oro Valley, United-States), and incubated with the primary and secondary antibodies.
The following antibodies were used: p-S6K (Sigma Aldrich # S6311, 1:200, Darmstadt,
Germany), Ki67 (Dako, #M7240; 1:200), and caspase 3 (Cell Signaling Technology # 9662,
1:400, Leiden, Netherlands).

Blood samples (5 mL) were collected before starting induction therapy (week 0) and
at weeks 1, 4, and 9 during induction therapy. The following blood biomarkers were
evaluated: interleukin (IL)-1alpha, IL-1beta, tumor necrosis factor (TNF)-beta, IL-8, IL-
12, TNF-alpha, granulocyte-macrophage-colony-stimulating factor (GM-CSF), IL-6, IL-12,
IL-2, IL-4, IL-5, IL-13, IL-15, IL-17A, vascular endothelial growth factor (VEGF), IL-17A,
and interferon (IFN)-gamma. Results of biomarker assessments were binary or semi-
quantitatively expressed, and correlative relationships with clinical data were explored
using Fisher’s exact or chi-squared tests.

Multivariate analysis was performed with a Cox proportional hazards regression
model. Variables that were associated with DFS in univariate analysis with a p < 0.10
and/or had a known prognostic value were included in the model. Logistic regression was
performed using the Logit method. Statistical significance was defined as p < 0.05.

3. Results
3.1. Patient Characteristics

Fifty patients were enrolled at five centers. A total of 7 patients participated in the
phase I dose-escalation study, and 43 patients participated in the phase II expansion study.
Among the four patients treated at the first dose level of 30 mg/week of everolimus, one
patient was overdosed due to self-misunderstanding (30 mg/day, 3 consecutive days at
first cycle) and therefore was withdrawn early from the study and not evaluable for neither
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safety nor activity. A total of 46 patients (3 in dose escalation, 43 in expansion) were treated
at the predefined maximum dose of 50 mg/week and were evaluable for safety (Figure 1).
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Figure 1. Flow chart (WD: weekly dose).

Baseline characteristics of the three evaluable patients treated at the first dose level
of 30 mg/week are summarized in Table S1. Demographics and baseline characteristics
of the 46 patients treated at the recommended dose are summarized in Table 1. Median
age was 58 years, and most patients had stage IVa disease, 39 of them with active tobacco
consumption > 20–30 pack-year.

Table 1. Patient demographics and baseline characteristics of patients treated at the recommended
dose of everolimus of 50 mg/week.

Characteristics

Number of patients enrolled N = 46
Age, median (year); (range) 58 (39–85)

Gender, N (%)
Male 37 (80.4)

Female 9 (19.6)
WHO performance status, n (%)

0 22 (47.8)
1 18 (39.1)
2 6 (13.0)

Disease stage, N (%)
IVa 30 (65.2)
IVb 16 (34.8)

T stage, N (%)
1 2 (4.3)
2 6 (13.0)
3 2 (4.3)
4a 31 (67.4)
4b 4 (8.7)
x 1 (2.2)

N stage, N (%)
1 6 (13.0)
2a 3 (6.5)
2b 5 (10.9)
2c 14 (30.4)
3 13 (28.3)
x 5 (6.5)

Primary site, N (%)
Oropharynx 24 (52.2)
Oral cavity 13 (28.3)

Hypopharynx 5 (6.5)
Larynx 4 (8.7)
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3.2. Dosing and Toxicity

Seven patients were included in the phase I dose escalation part of the study. No
DLT was reported, even for the patient who was overdosed. Everolimus 50 mg/week
was the highest dose assessed in combination with carboplatin and paclitaxel, therefore
identified as the recommended for the phase II cohort expansion. A total of 46 patients
were treated at the recommended dose of everolimus of 50 mg/week. Those patients
received a total number of 325 cycles with a median number of 7 cycles per patient. A total
of 18 patients had a cycle delay beyond 7 days, among them, 8 had a cycle delay beyond
14 days. Dose reductions, mainly due to hematological toxicity, were necessary in 6 patients
for carboplatin, 7 patients for paclitaxel, and 14 patients for everolimus.

The combination was generally well tolerated, and 83% of AEs were grade 1–2
(Table 2). Hematologic toxicities were manageable, and patients did not experience febrile
neutropenia nor bleeding. The most common AEs reported with the overall treatment
combination were asthenia, nausea, alopecia, and mucositis. Everolimus-associated AEs
included grade 1–2 hypercholesterolemia (27 patients) and grade 3 rash (1 patient), pruritus
(1 patient), dyspnea (1 patient), and hyperglycemia (2 patients). One patient died of cardiac
arrest, which was deemed unrelated to study treatment; no toxic death was reported.

Table 2. Treatment-emergent adverse events observed in patients treated at the recommended
everolimus dose (N = 46).

Adverse Event All Grades, N (%) Grade 1–2, N (%) Grade 3–4, N (%)

Hematologic toxicity 1

Leucopenia 39 (85) 26 (57) 13 (28)
Neutropenia 40 (87) 16 (35) 24 (52)

Anemia 43 (93) 35 (76) 8 (17)
Thrombocytopenia 37 (80) 31 (67) 6 (13)
Biologic toxicity 2

Hyperglycemia 38 (83) 36 (78) 2 (4)
Hypercholesterolemia 27 (59) 27 (59) 0

Clinical toxicity
Asthenia 31 (67) 27 (58) 4 (9)
Nausea 16 (35) 16 (35) 0

Alopecia 14 (30) 14 (30) 0
Mucositis 13 (28) 13 (28) 0

Rash 12 (26) 11 (24) 1 (2)
Pruritis 3 (7) 2 (4) 1 (2)

Constipation 11 (24) 11 (24) 0
Vomiting 9 (20) 9 (20) 0
Dyspnea 9 (20) 8 (17) 1 (2)
Cough 6 (13) 6 (13) 0
Acne 5 (11) 5 (11) 0

Neuropathy 3 (7) 3 (7) 0
Edema 2 (4) 2 (4) 0

Hand–foot syndrome 2 (4) 2 (4) 0
1 No febrile neutropenia or bleeding was observed. 2 One patient had grade 3 transaminitis.

3.3. Activity

Forty-one patients were evaluable for antitumor activity. Five patients were not evalu-
able for activity since imaging was not performed due to the following reasons (each in one
patient): patient choice to discontinue the study, intercurrent peritonitis, intercurrent throm-
boembolic event with concomitant biological toxicity, investigator choice to discontinue the
study due to hematological toxicity, and death related to cardiac arrest mentioned above.
Overall response rate was 75.6%, and thus the combination therapy was considered effec-
tive according to predefined statistical hypothesis. The triplet regimen was associated with
a high antitumor activity (Table 3, Figure 2). Twenty patients experienced major responses
(≥50% reduction in tumor size). Noticeably, major responses were observed in several
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patients with bulky necrotic and hypoxic lesions (Figure 3). Regarding the faisability of sub-
sequent locoregional therapy, among 46 patients who received everolimus at 50 mg/week,
41 patients underwent platinum-based chemoradiotherapy after CAPRA treatment.

Table 3. Tumor response evaluation (according to RECIST v1.1) after induction chemotherapy among
evaluable patients treated at the recommended dose of everolimus of 50 mg/week (N = 41).

Response N (%)

Objective response 31 (75.6)
Complete response 1 (2.4)

Partial response 30 (73.2)
Stable disease 9 (22.0)

Disease progression 1 (2.4)
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Figure 3. Imaging evolution at baseline and after 9 cycles of induction treatment showing major
response in a case of oropharyngeal squamous cell carcinoma (upper panels) and another case of N3
necrotic cervical node involvement of hypopharyngeal squamous cell carcinoma (lower panels). The
white arrows show the tumor localization on each slide.

3.4. Translational Research
3.4.1. Ex Vivo Pharmacodynamic Study

In one patient included in the study with accessible tumor, part of the pre-treatment
tumor biopsy sample was sliced and exposed to everolimus ex vivo. Compared to the
control slices, exposure to everolimus decreased the proliferation of tumor cells with
decreased Ki67 expression and induced apopotosis with increased caspase 3 expression. A
significant decrease in staining for p-S6K, a phosphorylated downstream target of the mTOR
signaling pathway, was observed with everolimus, suggesting specific target engagment
(Figure 4).
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3.4.2. Pharmacodynamic Histological Biomarkers

For nine patients, pre- and post-treatment biopsies were technically available for
comparative analysis. A significant decrease in p-S6K staining was observed in post-
treatment biopsies as compared to baseline (p-value: 0.007, Figure 5), suggesting specific
target engagement and inhibition of mTOR signaling by everolimus. Ki67 levels were also
decreased (p-value: 0.01), suggesting decreased tumor proliferation.
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3.4.3. Blood Biomarkers

Forty-three patients were evaluable for sequential analysis of cytokine levels in blood.
Given the limited number of patients and the amplitude of the variations, analysis did not
reach statistical significance; the variation profiles are displayed in Figure 6. Induction
treatment was associated with a trend of early increase in plasma levels of pro-immunogenic
Th1 cytokines IFN-γ, IL-2, and TNF-β, as well as a trend of transient decrease in IL-10,
suggesting a facilitating role for antitumor immunity at early timepoints. A secondary trend
of increase in suppressive cytokines IL-4, IL-5, and IL-10 was observed at later timepoints.

Cancers 2022, 14, x FOR PEER REVIEW 11 of 15 
 

 

 
Figure 6. Blood biomarkers: Cytokines protein expression profile at baseline and after 9 cycles of 
induction treatment (N = 43). 

4. Discussion 
Although very efficient, the toxicity associated with standard-of-care induction 

chemotherapy for locally advanced HNSCC may compromise the optimal administration 
of subsequent chemoradiotherapy, especially due to taxane-associated myelotoxicity [18]. 
Therefore, innovative induction regimens must improve tolerability. The chemotherapeu-
tic agents and the weekly schedule selected in CAPRA aimed at optimizing tolerability 
without decreasing efficacy. As such, carboplatin was preferred to cisplatin because it has 
better tolerability with a similar effectiveness [19,20]. Addition of a taxane to platinum-
based induction chemotherapy has been shown to improve efficacy [4,21]. Moreover, 
paclitaxel displays similar clinical efficacy and has more easily manageable toxicities than 
docetaxel and has shown synergistic effects with carboplatin and mTOR inhibitors in pre-
clinical studies [11]. Targeting the PI3K-AKT-mTOR pathway has become an attractive 
option for treatment of HNSCC, with several agents being currently tested in clinical tri-
als, both as single agents and in combination [22]. Our study demonstrates that the 
CAPRA combination regimen with weekly carboplatin, paclitaxel, and everolimus 50 mg 
is highly effective as induction therapy in patients with previously untreated, locally ad-
vanced HNSCC. Efficacy of this treatment compares aptly with that of TPF, a triplet chem-
otherapy based on a docetaxel, cisplatin, and 5-FU combination (75.6% ORR for CAPRA 
vs. 68–72% for TPF) [3,4] and to phase II results using weekly carboplatin and docetaxel 
(79–87% ORR) [5,6]. Clinical toxicities compared favorably to those of TPF even if CAPRA 

Figure 6. Blood biomarkers: Cytokines protein expression profile at baseline and after 9 cycles of
induction treatment (N = 43).

4. Discussion

Although very efficient, the toxicity associated with standard-of-care induction chemother-
apy for locally advanced HNSCC may compromise the optimal administration of subse-
quent chemoradiotherapy, especially due to taxane-associated myelotoxicity [18]. Therefore,
innovative induction regimens must improve tolerability. The chemotherapeutic agents
and the weekly schedule selected in CAPRA aimed at optimizing tolerability without
decreasing efficacy. As such, carboplatin was preferred to cisplatin because it has better
tolerability with a similar effectiveness [19,20]. Addition of a taxane to platinum-based
induction chemotherapy has been shown to improve efficacy [4,21]. Moreover, paclitaxel
displays similar clinical efficacy and has more easily manageable toxicities than docetaxel
and has shown synergistic effects with carboplatin and mTOR inhibitors in preclinical
studies [11]. Targeting the PI3K-AKT-mTOR pathway has become an attractive option
for treatment of HNSCC, with several agents being currently tested in clinical trials, both



Cancers 2022, 14, 4509 11 of 14

as single agents and in combination [22]. Our study demonstrates that the CAPRA com-
bination regimen with weekly carboplatin, paclitaxel, and everolimus 50 mg is highly
effective as induction therapy in patients with previously untreated, locally advanced
HNSCC. Efficacy of this treatment compares aptly with that of TPF, a triplet chemotherapy
based on a docetaxel, cisplatin, and 5-FU combination (75.6% ORR for CAPRA vs. 68–72%
for TPF) [3,4] and to phase II results using weekly carboplatin and docetaxel (79–87%
ORR) [5,6]. Clinical toxicities compared favorably to those of TPF even if CAPRA was
associated with increased haematological toxicities that were easily manageable. Of note,
CAPRA did not compromise further locoregional approaches since 41 patients (84%) were
able to receive platinum-based chemoradiotherapy after induction with CAPRA.

In HNSCC, activation of the PI3K-AKT-mTOR pathway is the most frequently dys-
regulated signaling pathway [23–25]. The mTOR inhibitors have been shown to display
anti-lymphangiogenic properties in preclinical models [26]. This antiangiogenic process
relies on effects on pericytes and endothelial cells rather than on cancer cells themselves [27].
Everolimus might thus act favorably against the first route of tumor dissemination to cervi-
cal lymph nodes, which is the most significant predictor of tumor recurrence in HNSCC.

Translational research in our study showed that everolimus yielded direct and specific
inhibition of the PI3K-AKT-mTOR pathway in tumor tissues with a significant decrease in
p-S6K observed in a majority of post-treatment biopsies as compared to baseline biopsies.
Among several surrogate markers assessing mTOR inhibition in skin, peripheral blood
mononuclear cells, and/or in the tumor cells, a decrease in the p-S6K has been reported as
the most reliable pharmacodynamical biomarker in preclinical studies and clinical trials [8].
As such, our study confirms the expected inhibition of mTOR pathway in HNSCC of
patients treated with everolimus. Due to limited material from paired biopsies, we had to
select a limited number of biomarkers. Unfortunately, tumor tissue available did not allow
for the inclusion of p-AKT as an additional parameter of interest to assess the compensatory
feedback loop through the mTORC2-AKT pathway, following mTORC1 inhibition with
everolimus [8].

HNSCCs deploy multiple mechanisms to avoid immune recognition and subsequent
antitumor immune response. The recruitment of mononuclear-myeloid-derived suppressor
cells (MDSCs) and conditioning of the surrounding TME by expressing immune suppres-
sive chemokines and cytokines, leading to the accumulation of suppressive regulatory T
cells (Tregs) and the polarization of tumor associated macrophages toward an immune sup-
pressive M2 phenotype, are the main processes [28]. At the same time, rapalogs (rapamycin
and its analogs) have been used as a long-term immunosuppressive treatment in solid
organ transplant because of their properties to counteract T cell activation [8]. However,
mTOR inhibitors may have both pro- and anti-inflammatory actions and prompt both
initial stimulation of Type 1 T helper (Th1) CD4+ T cells as well as long-term expansion of
Tregs in cancer [29,30]. Unsurprisingly, cytokine plasma level analyses in patients treated
with CAPRA were complex, with significant timely variations. Time may be of the essence.
A most prominent feature in our study was an early but transient increase in Th1 cytokine
expression, particularly IFN-γ, as well as a transient decrease in IL-10. This suggests that
the initial effect of everolimus could be to promote a Th1-cytokine-enriched TME before its
immunosuppressive properties overcome this early benefit, as illustrated in our study by
later increases in IL-4, IL-5, or IL-10. These modifications may have contributed to initial
treatment efficacy by enhancing local immunity. Of note, a Th1-cytokine-enriched TME and
high levels of IFN-γ are biomarkers for anti-PD-1 efficacy in many cancer types including
HNSCC [31–33]. Thus, association of everolimus-containing regimen such as CAPRA with
an anti-PD-1 therapy should be evaluated preferentially in contexts where a short-course
treatment is needed, such as induction therapy for unresectable disease [25,34].

Several questions remain open given the limitations of our study. First, there was no
clear, established advantage of everolimus-carboplatin-paclitaxel treatment over carboplatin-
paclitaxel or TPF treatment ORR, and the respective impact of chemotherapy and everolimus
could not be assessed in this single-arm study. Moreover, our study did not plan systematic
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HPV status testing. One limitation of our trial is thus the lack of a significant subgroup of
patients with HPV-related HNSCC without other risk factors. Indeed, alterations of the
PI3K pathway appear particularly prevalent in HPV+ tumors [23,24]. These tumors, which
have an increased risk of distant failure when relapsing, may be particular candidates to
clinically and biologically optimized therapy regimens such as the CAPRA combination,
which deserves to be further tested in this subpopulation. Due to limited material from
paired biopsies, we had to select a limited number of biomarkers. Unfortunately, the tumor
tissue available did not allow for us to include p-AKT as an additional parameter of interest
to assess the compensatory feedback loop through the mTORC2-AKT pathway, following
mTORC1 inhibition with everolimus [8].

Data obtained from translational research in this trial allowed us to report descriptive
variations of tumor and blood biomarkers rather than identifying sensitivity/resistance fac-
tors to induction treatment. In addition, we could not compare our findings with biomarker
data in patients receiving only carboplatin-paclitaxel chemotherapy, with those data not
being available in previously published studies. Whether the weekly everolimus regimen
may favor a Th1-shifted balance more than a daily regimen is another interesting question.

5. Conclusions

Weekly everolimus with carboplatin/paclitaxel as an induction regimen was well
tolerated and yielded a high rate of objective responses in patients with locally advanced
HNSCC. Translational data showed the target engagement of the mTOR pathway that
was associated with changes in TME and proliferation of tumor cells. Since there was no
clear advantage of CAPRA over carboplatin-paclitaxel or TPF treatments in terms of ORR,
future directions may investigate the proper role of everolimus toward potential lower
recurrence rate, or better response in a subset of tumors showing hyperactivation of the
PI3K-AKT pathway.

Supplementary Materials: The following supporting information can be downloaded at https:
//www.mdpi.com/article/10.3390/cancers14184509/s1, Table S1: Patient demographics and baseline
characteristics of patients treated at the dose of 30 mg/week of everolimus.

Author Contributions: Conceptualization, S.F., A.d.G., B.C., C.L.T. and E.R.; methodology, S.F., N.A.,
M.-L.G.-L. and B.C.; formal analysis, D.E., C.D. (Clément Dumont), A.T.-R., A.d.G., M.G. (Muriel
Granier), M.-L.G.-L. and B.C.; investigation, M.G. (Michel Gatineau), J.-P.D., J.F., C.D. (Chantal
Dreyer), C.L.T. and S.F.; writing—original draft preparation, D.E., C.D. (Clément Dumont), S.F.,
E.R., J.-F.D. and C.L.T.; writing—review and editing, D.E., C.D. (Clément Dumont), S.F. and E.R.;
visualization, S.F.; supervision, S.F.; funding acquisition, S.F., K.S. and E.R. All authors have read and
agreed to the published version of the manuscript.

Funding: This study was sponsored by the Groupe Cooperateur Multidisciplinaire en Oncologie
(GERCOR) and funded by Novartis Pharmaceuticals.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by the Institutional Review Board (or Ethics Committee) of CPP Ile-de-
France VI number 2008-005702-39 dated 16-March-2009 and from French Competent Authority
ANSM (previous name AFSSAPS) dated 6 February 2009.

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: Medical writing assistance for the preparation of this manuscript was provided
by Andrea Bothwell and Melanie Leiby of Apothecom (Yardley, PA, USA), with funding provided by
Novartis Pharmaceuticals.

Conflicts of Interest: D.E. reports serving as a consultant for Merck Sharp and Dohme. J.-P.D.
declares institutional research support from Amgen, Astra Zeneca, Bristol-Myers Squibb, Genentech,
Merck Sharp and Dohme, and Transgene and reports serving as an institutional consultant for Bristol-
Myers Squibb, Merck Sharp and Dohme, Pierre Fabre, and Roche. J.F. has participated in advisory

https://www.mdpi.com/article/10.3390/cancers14184509/s1
https://www.mdpi.com/article/10.3390/cancers14184509/s1


Cancers 2022, 14, 4509 13 of 14

boards from Astra-Zeneca, Bristol-Myers Squibb, Hookipa, Innate, Merck, and Merck Sharp and
Dohme; received honoraria from Roche; and declares institutional research support from Astra-
Zeneca, Bristol-Myers Squibb, and Novartis. K.S. reports serving as an employee of Novartis Pharma
S.A.S. E.R. reports serving as a consultant for SCOR, Genoscience Pharma, StromaCare, and Onward
therapeutic, and is a shareholder for SCOR, Genoscience Pharma, StromaCare, and Axoltis. C.L.T.
has participated in advisory boards from Merck Sharp and Dohme, Merck Serono, Bristol-Myers
Squibb, Roche, Seattle Genetics, MaxiVax, ALX Oncology, Seagen, Celgene, Nanobiotix, and Astra
Zeneca. S.F. declares research support from Adlai Nortye and Novartis Pharmaceuticals and reports
serving as a consultant for Merck Sharp and Dohme and Bristol-Myers Squibb. 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. Sung, H.; Ferlay, J.; Siegel, R.L.; Laversanne, M.; Soerjomataram, I.; Jemal, A.; Bray, F. Global Cancer Statistics 2020: GLOBOCAN

Estimates of Incidence and Mortality Worldwide for 36 Cancers in 185 Countries. CA Cancer J. Clin. 2021, 71, 209–249. [CrossRef]
[PubMed]

2. Haddad, R.I.; Posner, M.; Hitt, R.; Cohen, E.E.W.; Schulten, J.; Lefebvre, J.-L.; Vermorken, J.B. Induction chemotherapy in
locally advanced squamous cell carcinoma of the head and neck: Role, controversy, and future directions. Ann. Oncol. 2018, 29,
1130–1140. [CrossRef] [PubMed]

3. Vermorken, J.B.; Remenar, E.; van Herpen, C.; Gorlia, T.; Mesia, R.; Degardin, M.; Stewart, J.S.; Jelic, S.; Betka, J.; Preiss, J.H.; et al.
Cisplatin, Fluorouracil, and Docetaxel in Unresectable Head and Neck Cancer. Available online: https://www-nejm-org.proxy.
insermbiblio.inist.fr/doi/10.1056/NEJMoa071028 (accessed on 20 July 2022).

4. Posner, M.R.; Hershock, D.M.; Blajman, C.R.; Mickiewicz, E.; Winquist, E.; Gorbounova, V.; Tjulandin, S.; Shin, D.M.; Cullen,
K.; Ervin, T.J.; et al. Cisplatin and Fluorouracil Alone or with Docetaxel in Head and Neck Cancer. Available online: https:
//www-nejm-org.proxy.insermbiblio.inist.fr/doi/10.1056/NEJMoa070956 (accessed on 28 July 2022).

5. Vokes, E.E.; Stenson, K.; Rosen, F.R.; Kies, M.S.; Rademaker, A.W.; Witt, M.E.; Brockstein, B.E.; List, M.A.; Fung, B.B.; Portugal, L.; et al.
Weekly Carboplatin and Paclitaxel Followed by Concomitant Paclitaxel, Fluorouracil, and Hydroxyurea Chemoradiotherapy:
Curative and Organ-Preserving Therapy for Advanced Head and Neck Cancer. J. Clin. Oncol. 2016, 21, 320–326. [CrossRef]
[PubMed]

6. Ready, N.E.; Rathore, R.; Johnson, T.T.; Nadeem, A.; Chougule, P.; Ruhl, C.; Radie-Keane, K.; Theall, K.; Wanebo, H.J.; Marcello,
J.; et al. Weekly Paclitaxel and Carboplatin Induction Chemotherapy Followed by Concurrent Chemoradiotherapy in Locally
Advanced Squamous Cell Carcinoma of the Head and Neck. Am. J. Clin. Oncol. 2012, 35, 6–12. [CrossRef]

7. Hay, N. The Akt-mTOR tango and its relevance to cancer. Cancer Cell 2005, 8, 179–183. [CrossRef]
8. Faivre, S.; Kroemer, G.; Raymond, E. Current development of mTOR inhibitors as anticancer agents. Nat. Rev. Drug Discov. 2006,

5, 671–688. [CrossRef]
9. Dong, J.; Peng, J.; Zhang, H.; Mondesire, W.H.; Jian, W.; Mills, G.B.; Hung, M.-C.; Meric-Bernstam, F. Role of Glycogen Synthase

Kinase 3β in Rapamycin-Mediated Cell Cycle Regulation and Chemosensitivity. Cancer Res. 2005, 65, 1961–1972. [CrossRef]
10. Oki, E.; Baba, H.; Tokunaga, E.; Nakamura, T.; Ueda, N.; Futatsugi, M.; Mashino, K.; Yamamoto, M.; Ikebe, M.; Kakeji, Y.; et al.

Akt phosphorylation associates with LOH of PTEN and leads to chemoresistance for gastric cancer. Int. J. Cancer 2005, 117,
376–380. [CrossRef]

11. Aissat, N.; Le Tourneau, C.; Ghoul, A.; Serova, M.; Bieche, I.; Lokiec, F.; Raymond, E.; Faivre, S. Antiproliferative effects of
rapamycin as a single agent and in combination with carboplatin and paclitaxel in head and neck cancer cell lines. Cancer
Chemother. Pharmacol. 2008, 62, 305–313. [CrossRef]

12. O’Donnell, J.S.; Massi, D.; Teng, M.W.L.; Mandala, M. PI3K-AKT-mTOR inhibition in cancer immunotherapy, redux. Semin.
Cancer Biol. 2018, 48, 91–103. [CrossRef]

13. Okkenhaug, K.; Turner, M.; Gold, M.R. PI3K Signaling in B Cell and T Cell Biology. Front. Immunol. 2014, 5, 557. [CrossRef]
[PubMed]

14. Dormond, O.; Madsen, J.C.; Briscoe, D.M. The Effects of mTOR-Akt Interactions on Anti-apoptotic Signaling in Vascular
Endothelial Cells. J. Biol. Chem. 2007, 282, 23679–23686. [CrossRef] [PubMed]

15. Lyford-Pike, S.; Peng, S.; Young, G.D.; Taube, J.M.; Westra, W.H.; Akpeng, B.; Bruno, T.C.; Richmon, J.D.; Wang, H.; Bishop, J.A.; et al.
Evidence for a role of the PD-1:PD-L1 pathway in immune resistance of HPV-associated head and neck squamous cell carcinoma.
Cancer Res. 2013, 73, 1733–1741. [CrossRef] [PubMed]

16. Vanneman, M.; Dranoff, G. Combining Immunotherapy and Targeted Therapies in Cancer Treatment. Nat. Rev. Cancer 2012, 12,
237–251. [CrossRef]

17. Chi, H. Regulation and function of mTOR signalling in T cell fate decision. Nat. Rev. Immunol. 2012, 12, 325–338. [CrossRef]
[PubMed]

18. Ferrari, D.; Ghi, M.G.; Franzese, C.; Codecà, C.; Gau, M.; Fayette, J. The Slippery Role of Induction Chemotherapy in Head and
Neck Cancer: Myth and Reality. Front. Oncol. 2020, 10, 7. [CrossRef]

http://doi.org/10.3322/caac.21660
http://www.ncbi.nlm.nih.gov/pubmed/33538338
http://doi.org/10.1093/annonc/mdy102
http://www.ncbi.nlm.nih.gov/pubmed/29635316
https://www-nejm-org.proxy.insermbiblio.inist.fr/doi/10.1056/NEJMoa071028
https://www-nejm-org.proxy.insermbiblio.inist.fr/doi/10.1056/NEJMoa071028
https://www-nejm-org.proxy.insermbiblio.inist.fr/doi/10.1056/NEJMoa070956
https://www-nejm-org.proxy.insermbiblio.inist.fr/doi/10.1056/NEJMoa070956
http://doi.org/10.1200/JCO.2003.06.006
http://www.ncbi.nlm.nih.gov/pubmed/12525525
http://doi.org/10.1097/COC.0b013e3182019ee3
http://doi.org/10.1016/j.ccr.2005.08.008
http://doi.org/10.1038/nrd2062
http://doi.org/10.1158/0008-5472.CAN-04-2501
http://doi.org/10.1002/ijc.21170
http://doi.org/10.1007/s00280-007-0609-2
http://doi.org/10.1016/j.semcancer.2017.04.015
http://doi.org/10.3389/fimmu.2014.00557
http://www.ncbi.nlm.nih.gov/pubmed/25404931
http://doi.org/10.1074/jbc.M700563200
http://www.ncbi.nlm.nih.gov/pubmed/17553806
http://doi.org/10.1158/0008-5472.CAN-12-2384
http://www.ncbi.nlm.nih.gov/pubmed/23288508
http://doi.org/10.1038/nrc3237
http://doi.org/10.1038/nri3198
http://www.ncbi.nlm.nih.gov/pubmed/22517423
http://doi.org/10.3389/fonc.2020.00007


Cancers 2022, 14, 4509 14 of 14

19. Aisner, J.; Sinibaldi, V.; Eisenberger, M. Carboplatin in the treatment of squamous cell head and neck cancers. Semin. Oncol. 1992,
19, 60–65.

20. Volling, P.; Schröder, M.; Rauschning, W.; Achterrath, W.; Stennert, E. Carboplatin: The Better Platinum in Head and Neck Cancer?
Arch. Otolaryngol. Neck Surg. 1989, 115, 695–698. [CrossRef]

21. Blanchard, P.; Bourhis, J.; Lacas, B.; Posner, M.R.; Vermorken, J.B.; Hernandez, J.J.C.; Bourredjem, A.; Calais, G.; Paccagnella, A.;
Hitt, R.; et al. Taxane-Cisplatin-Fluorouracil As Induction Chemotherapy in Locally Advanced Head and Neck Cancers: An
Individual Patient Data Meta-Analysis of the Meta-Analysis of Chemotherapy in Head and Neck Cancer Group. J. Clin. Oncol.
2013, 31, 2854–2860. [CrossRef]

22. Simpson, D.R.; Mell, L.K.; Cohen, E.E. Targeting the PI3K/AKT/mTOR pathway in squamous cell carcinoma of the head and
neck. Oral Oncol. 2015, 51, 291–298. [CrossRef]

23. Iglesias-Bartolome, R.; Martin, D.; Gutkind, J.S. Exploiting the head and neck cancer oncogenome: Widespread PI3K-mTOR
pathway alterations and novel molecular targets. Cancer Discov. 2013, 3, 722–725. [CrossRef] [PubMed]

24. Lui, V.W.Y.; Hedberg, M.L.; Li, H.; Vangara, B.S.; Pendleton, K.; Zeng, Y.; Lu, Y.; Zhang, Q.; Du, Y.; Gilbert, B.; et al. Frequent
mutation of the PI3K pathway in head and neck cancer defines predictive biomarkers. Cancer Discov. 2013, 3, 761–769. [CrossRef]
[PubMed]

25. Wang, Z.; Valera, J.C.; Zhao, X.; Chen, Q.; Silvio Gutkind, J. mTOR co-targeting strategies for head and neck cancer therapy.
Cancer Metastasis Rev. 2017, 36, 491–502. [CrossRef]

26. Costa, L.F.; Balcells, M.; Edelman, E.R.; Nadler, L.M.; Cardoso, A.A. Proangiogenic stimulation of bone marrow endothelium
engages mTOR and is inhibited by simultaneous blockade of mTOR and NF-κB. Blood 2006, 107, 285–292. [CrossRef] [PubMed]

27. Balcarcel, R.R.; Stephanopoulos, G. Rapamycin reduces hybridoma cell death and enhances monoclonal antibody production.
Biotechnol. Bioeng. 2001, 76, 1–10. [CrossRef]

28. Ferris, R.L. Immunology and Immunotherapy of Head and Neck Cancer. J. Clin. Oncol. 2015, 33, 3293–3304. [CrossRef] [PubMed]
29. Weichhart, T.; Hengstschläger, M.; Linke, M. Regulation of innate immune cell function by mTOR. Nat. Rev. Immunol. 2015, 15,

599–614. [CrossRef]
30. Beziaud, L.; Mansi, L.; Ravel, P.; Marie-Joseph, E.L.; Laheurte, C.; Rangan, L.; Bonnefoy, F.; Pallandre, J.-R.; Boullerot, L.; Gamonet,

C.; et al. Rapalogs Efficacy Relies on the Modulation of Antitumor T-cell Immunity. Cancer Res. 2016, 76, 4100–4112. [CrossRef]
31. Kondoh, N.; Mizuno-Kamiya, M. The Role of Immune Modulatory Cytokines in the Tumor Microenvironments of Head and

Neck Squamous Cell Carcinomas. Cancers 2022, 14, 2884. [CrossRef]
32. Kuo, C.-S.; Yang, C.-Y.; Lin, C.-K.; Lin, G.-J.; Sytwu, H.-K.; Chen, Y.-W. Triptolide suppresses oral cancer cell PD-L1 expression in

the interferon-γ-modulated microenvironment in vitro, in vivo, and in clinical patients. Biomed. Pharmacother. 2021, 133, 111057.
[CrossRef]

33. Ayers, M.; Lunceford, J.; Nebozhyn, M.; Murphy, E.; Loboda, A.; Kaufman, D.R.; Albright, A.; Cheng, J.D.; Kang, S.P.; Shankaran,
V.; et al. IFN-γ-related mRNA profile predicts clinical response to PD-1 blockade. J. Clin. Investig. 2017, 127, 2930–2940. [CrossRef]
[PubMed]

34. Moore, E.C.; Cash, H.A.; Caruso, A.M.; Uppaluri, R.; Hodge, J.W.; Van Waes, C.; Allen, C.T. Enhanced tumor control with
combination mTOR and PD-L1 inhibition in syngeneic oral cavity cancers. Cancer Immunol. Res. 2016, 4, 611–620. [CrossRef]
[PubMed]

http://doi.org/10.1001/archotol.1989.01860300049015
http://doi.org/10.1200/JCO.2012.47.7802
http://doi.org/10.1016/j.oraloncology.2014.11.012
http://doi.org/10.1158/2159-8290.CD-13-0239
http://www.ncbi.nlm.nih.gov/pubmed/23847349
http://doi.org/10.1158/2159-8290.CD-13-0103
http://www.ncbi.nlm.nih.gov/pubmed/23619167
http://doi.org/10.1007/s10555-017-9688-7
http://doi.org/10.1182/blood-2005-06-2208
http://www.ncbi.nlm.nih.gov/pubmed/16141350
http://doi.org/10.1002/bit.1020
http://doi.org/10.1200/JCO.2015.61.1509
http://www.ncbi.nlm.nih.gov/pubmed/26351330
http://doi.org/10.1038/nri3901
http://doi.org/10.1158/0008-5472.CAN-15-2452
http://doi.org/10.3390/cancers14122884
http://doi.org/10.1016/j.biopha.2020.111057
http://doi.org/10.1172/JCI91190
http://www.ncbi.nlm.nih.gov/pubmed/28650338
http://doi.org/10.1158/2326-6066.CIR-15-0252
http://www.ncbi.nlm.nih.gov/pubmed/27076449

	Introduction 
	Materials and Methods 
	Eligibility Criteria 
	Study Design and Treatment 
	On-Study Evaluation 
	Endpoints and Statistics 
	Translational Research 

	Results 
	Patient Characteristics 
	Dosing and Toxicity 
	Activity 
	Translational Research 
	Ex Vivo Pharmacodynamic Study 
	Pharmacodynamic Histological Biomarkers 
	Blood Biomarkers 


	Discussion 
	Conclusions 
	References

