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Translational Relevance  

This multicenter phase I clinical trial investigated the combination of the histone 

deacetylase inhibitor, entinostat, and nivolumab with or without ipilimumab in advanced solid 

tumors, based on strong preclinical rationale.  Serial tumor biopsies and blood samples were 

collected to investigate changes in immune infiltration pre- and post-therapy, including biopsies 

pre- and post- entinostat treatment alone. Adverse events observed were expected for the agents 

under investigation; and a recommended phase II dose was determined. The objective response rate 

by RECIST 1.1 was 16%, including one complete response in a patient with triple-negative 

breast cancer. Correlative studies revealed a significant increase in the ratio of CD8/FoxP3 

expression in tumor biopsy following checkpoint inhibitor treatment, but not after entinostat 

treatment alone. Stromal tumor infiltrating lymphocyte evaluation, PD-L1, and IDO 

immunostains were performed as measures of immunogenicity. This drug combination is being 

investigated further in an expansion cohort of patients with HER2-negative breast cancer.  
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Abstract 

Purpose: Epigenetic modulators improve immune checkpoint inhibitor (ICI) efficacy and 

increase CD8+ effector: FoxP3+ regulatory T cell ratios in preclinical models. We conducted a 

multicenter phase I clinical trial combining the histone deacetylase (HDAC) inhibitor entinostat 

with nivolumab ± ipilimumab in advanced solid tumors.  

Experimental Design: Patients received an entinostat run-in (5 mg, weekly x 2) prior to 

the addition of ICIs. Dose escalation followed a modified 3+3 design (Dose level [DL]1/2: 

entinostat + nivolumab; DL 3/4: entinostat + nivolumab + ipilimumab). Blood and tissue 

samples were collected at baseline, after entinostat run-in, and after 8 weeks of combination 

therapy. Primary endpoints included safety and tolerability, and the recommended phase II dose 

(RP2D). Secondary endpoints included anti-tumor activity, change in tumor CD8/FoxP3 ratio 

pre- and post-therapy.   

Results: Thirty-three patients were treated across four dose levels. Treatment-related 

adverse events (AEs) included fatigue (65%), nausea (41%), anemia (38%), diarrhea (26%), and 

anorexia (26%). Grade 3/4 AEs included fatigue (n=7, 21%), anemia (n=9, 27%), and 

neutropenia (n=4, 12%). The RP2D was 3mg entinostat weekly, 3mg/kg q2 weeks nivolumab, 

and 1mg/kg q6 weeks ipilimumab (max 4 doses). The objective response rate by RECIST 1.1 

was 16%, including a complete response in triple-negative breast cancer. A statistically 

significant increase in CD8/FoxP3 ratio was seen following the addition of ICIs to entinostat, but 

not post entinostat alone.  

Conclusions: The combination of entinostat, nivolumab ± ipilimumab was safe and 

tolerable with expected rates of irAEs. Preliminary evidence of both clinical efficacy and 

immune modulation supports further investigation. 
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Body 

Introduction 

Immune checkpoint inhibitors (ICIs) have revolutionized the management of select solid 

tumor malignancies, but many patients still do not benefit from this approach (1). These agents 

have traditionally worked best in  immunogenic  cancers that naturally express adequate levels 

of antigens (neo-antigens), which leads to immune activation instead of immune tolerance (2). 

ICIs reset the tumor-specific immune response by releasing the brakes on cytotoxic T effector 

(Teff) cells in the tumor microenvironment (TME) (3). Investigation of the TME of immunogenic 

tumor types has revealed high numbers of tumor infiltrating lymphocytes (TILs), which have 

been shown to correlate with improved prognosis (4 7). However, tumor types with a paucity of 

TILs have proved to be less responsive to ICIs (8,9).  

Preclinical studies have investigated therapeutic strategies to e  through an 

increase in TIL, activation of resident TIL, or an increase in the ratio of Teff to T regulatory (Treg) 

cells, with the goal of enhancing tumor cell killing. The addition of a histone deacetylase 

(HDAC) inhibitor (entinostat), in combination with ICIs (anti-programmed death receptor 1 

[anti-PD-1] and anti-cytotoxic T-lymphocyte-associated protein 4 [anti-CTLA-4]), led to an 

increased Teff/Treg cell ratio that correlated with decreased tumor growth and improved survival 

in mice (10). Synergy between HDAC inhibitors and various immunotherapies, including ICIs, 

has subsequently been reported in other mouse models and in human cell lines (11 13).  

We therefore hypothesized that the HDAC inhibitor entinostat in combination with ICIs 

would be safe and tolerable and would result in changes in the ratio of Teff/Treg, represented by 

the ratio of CD8/FoxP3 positive T cells in tumor biopsies. To test these hypotheses, we 

performed a multicenter phase I clinical trial combining entinostat, nivolumab ± ipilimumab in 
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advanced solid tumors, incorporating blood and tissue biomarker evaluation pre- and post-

therapy (NCT02453620, ETCTN-9844).

Patients and Methods 

Eligibility Criteria 

Patients 18 years of age or older were eligible if they had histologically or cytologically 

confirmed solid tumor malignancy that was metastatic or unresectable; and for whom either 

standard curative or palliative measures did not exist, were no longer effective, or for whom ICI 

was an appropriate treatment strategy. In addition, Eastern Cooperative Oncology Group 

(ECOG) performance status 0-1, adequate organ and pulmonary function (

90% when ambulating and not requiring supplemental oxygen), less than 30% liver tumor 

involvement as determined locally, and stable brain metastases (4 weeks) were required. 

Measurable or evaluable/non-measurable disease per Response Evaluation Criteria in Solid 

Tumors Version 1.1 (RECIST 1.1) was required, as well as an accessible non-bone tumor lesion 

from which serial core biopsy specimens could be obtained. 

Exclusion criteria included prior immunomodulatory or ICI therapy, active autoimmune 

disease or history of autoimmune disease that might recur and affect vital organ function or 

require immune suppressive treatment, and corticosteroid use (>10 mg daily prednisone 

equivalent) within 14 days of enrollment. The study was registered at clinicaltrials.gov, approved 

by the Institutional Review Boards (IRB) of participating institutions, and participants signed a 

written informed consent prior to enrolment. The trial was conducted according to the principles 

of Good Clinical Practice and the Declaration of Helsinki. 

Clinical Trial Design 
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This multi-site, open-label, phase I clinical trial was conducted in patients with advanced 

solid tumors. The dose-escalation cohort is reported in this manuscript, and an ongoing dose 

expansion cohort in advanced HER2-negative breast cancer will be reported at a later date. A 

two-week run-in of 5mg per week of oral entinostat was incorporated to help determine the 

effect of entinostat on immune-related parameters in tumor biopsies, prior to addition of ICIs 

(Table 1, Figure 1). Entinostat was taken on an empty stomach, at least 1 hour before and 2 

hours after food, and a 5-HT3 receptor antagonist was administered as premedication to prevent 

nausea.  

The study followed a modified 3+3 dose escalation design with four dose levels (DLs); 

DL1/2: entinostat 3-5mg weekly plus nivolumab 3mg/kg every 2 weeks, DL3/4: entinostat 3-

5mg weekly plus nivolumab 3mg/kg every 2 weeks plus ipilimumab 1mg/kg every 6 weeks) 

(Table 1). The 3mg starting dose of entinostat was chosen for DL1 given that the combination of 

entinostat plus dual checkpoint inhibition had not previously been tested; thus providing a 

cautious approach in case of unexpected toxicity. At the request of the sponsor, the design 

required safety data from at least twelve subjects from DL2 in order to determine the safety of 

entinostat plus nivolumab prior to the addition of ipilimumab (DL3/4). Determination of the 

RP2D required that at least 6 patients were treated at the RP2D. Dose-limiting toxicity (DLT) 

was evaluated in the first 6 weeks of combination treatment for DL1 and 2. Once escalated from 

DL2, and in the first 4 weeks of therapy for DL3 and 4. Treatment continued until progressive 

disease or unacceptable toxicity. Treatment beyond initial RECIST 1.1-defined progression was 

permitted if protocol specific criteria were met.  

The primary endpoints were the safety and tolerability of entinostat and nivolumab with 

or without ipilimumab in advanced solid tumors. The primary objective was to determine the 
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RP2D. Secondary endpoints included the changes in CD8/FoxP3 ratio in mandatory tumor 

biopsy samples pre- and post-therapy, and antitumor activity including overall response rate 

(ORR) per RECIST 1.1 and immune-related RECIST (irRECIST) (14). Exploratory objectives 

included evaluations of other immune-related biomarkers including tumor infiltrating 

lymphocytes (TILs), programmed death-ligand 1 (PD-L1) and indoleamine 2,3 dioxygenase 

(IDO).  Common Terminology Criteria for Adverse Events (CTCAE, version 5.0) was used to 

grade treatment-related toxicity.  

Assessments 

Baseline evaluations included routine history and physical examination, measurement of 

oxygen saturation, complete blood counts, serum chemistries, thyroid function, hepatitis serology, 

pregnancy test, and radiologic evaluations. Clinical evaluations and laboratory tests were 

repeated every 2 weeks for the first two cycles, with clinical evaluation every four weeks 

thereafter. Mandatory blood and tissue samples were collected from accessible sites at baseline, 

after entinostat run-in (timepoint 1), and after 8 weeks of combination therapy (timepoint 2) or at 

the time of progressive disease (if prior to 8 weeks) (Figure 1). Treatment response was 

evaluated using RECIST 1.1 and irRECIST criteria every 8 weeks for the first 6 months, and 

every 12 weeks thereafter (15).  

Upon discontinuation of treatment, patients were followed every 3 months until disease 

progression, then every 6 months until either 5 years post-registration or death, whichever was 

earlier. Patients removed from study for unacceptable adverse events (AEs) were followed until 

resolution or stabilization of the AE. All patients were followed for toxicity assessment for 30 

days after going off-study.  

Pharmacokinetic Analysis 
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Concentrations of entinostat were determined at serial timepoints, matching those of 

tumor biopsies as above, using a validated liquid chromatography-tandem mass spectrometry 

(LC/MS/MS) method (16). The steady-state minimum plasma concentrations (Cmin, ss) were 

calculated as an average from both timepoints provided this was a true trough sample.  

Correlative Analysis   

The pipeline for slide processing is described in Supplementary Methods. Briefly, 

following dewaxing and rehydration, epitope retrieval was performed using Ventana Ultra CC1 

buffer (#6414575001, Roche Diagnostics) at 96oC for 64 minutes. Primary antibody was applied 

at 36oC for 60 minutes and detected using an anti-mouse HQ detection system (#7017936001 

and 7017782001, Roche Diagnostics) followed by Chromomap DAB IHC detection kit 

(#5266645001, Roche Diagnostics), when appropriate, counterstaining was done with 

hematoxylin, followed by dehydration, and mounting. For specific immunohistochemical (IHC) 

staining of formalin-fixed paraffin-embedded (FFPE) slides, we used monoclonal antibodies 

against CD8 (#m7103, lot 20024879, Dako, 1:100) and FoxP3 (#12653, lot 6 Cell Signaling 

Technology, 1:75). Indoleamine 2 3-dioxygenase (IDO) staining was performed using ab228468 

(clone SP260, abcam 1.19 ug/mL) and was performed on the Leica Bond RX (17). Staining for 

PD-L1 was performed manually using ab228462 (clone SP142, abcam 0.08 ug/mL) (18 20). 

Following completion of stains, each slide was digitally scanned at 20X magnification using a 

Hamamatsu digital slide scanner (Hamamatsu, Japan). Regions of interest of viable tissue, 

excluding necrosis, were annotated by a pathologist (R.A.A.) using Aperio software. Using the 

HALO Digital Image Analysis program (Indica Labs, Corrales, NM), automatic edge detection 

was manually tuned to a minimum threshold that tightly applied to each sample in batch. Areas 
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with apparent interferences such as bubbles, dark smudges, and tissue folds were manually 

annotated and excluded from the analysis. 

CD8 and FoxP3 staining were obtained to determine the ratio of CD8/FoxP3 as an 

integrated correlative secondary objective, as it depicts Teff/Treg infiltration. Positive staining for 

CD8 and FoxP3 was assessed as a density (number of cells/ mm2), obtained by the total number 

of CD8 positive cells within the total tissue area (using the Immune cell module in HALO). 

Regions of interest (ROIs) designated as ; 

c where greater than 50% of the cells being 

where a mix of large malignant tumor cells, stroma (i.e. cancer associated fibroblasts) and tumor 

infiltrating lymphocytes. TILs were scored within the stroma on a hematoxylin and eosin (H&E) 

stained slide by a pathologist (A.C-M.) according to international consensus guidelines (21). Of 

note, TIL counts were not included in cases where the samples lacked stroma or if the tissue 

sample was largely necrotic (4,22). PD-L1 IHC was manually assessed by a pathologist (R.A.A.). 

The percentage of PD-L1 stained cells was estimated on tumor cells (membranous staining 

pattern only), and lymphocytes  (all the inflammatory cells in between malignant cells, 

cytoplasm and membranous pattern) by the study pathologist (RAA). RAA then documented the 

.  IDO 

staining was determined as a ratio of stained area/ total viable tissue area (using the Area 

quantification module in HALO). Thresholds were used to bin data and were selected based on 

individual biomarker distribution by settings in HALO (Version 3.0.311), the nuclear stain 

detection program by IndicaLabs, and existing standards (17,20,23).  

Statistical Considerations 
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The study followed a modified 3+3 design for the combination of entinostat and 

nivolumab (DL1/2), and then for entinostat, nivolumab, and ipilimumab (DL3/4). Compared to 

the typical 3+3 design, additional patients may be treated at each DL in order to obtain additional 

safety information as pre-specified in the study protocol. The RP2D was determined based on the 

totality of information from all DLs including AE and DLT data.  

Safety and tolerability were analyzed through the incidence of AEs, serious AEs, and 

specific laboratory abnormalities (worst grade) in each arm. Toxicities were tabulated by type 

and grade for all doses and presented using frequencies and percentages based on the CTCAE 

v5.0. All subjects who receive at least 1 dose of study drug were evaluable for toxicity.  

Preliminary antitumor activity of entinostat and nivolumab with or without ipilimumab 

was assessed as a secondary objective based on RECIST criteria 1.1 and irRECIST. Point 

estimate and exact 95% CIs were to be provided based on the observed data for ORR and clinical 

benefit rate (proportion of patients with complete [CR], partial response [PR], or stable disease 

[SD]). Kaplan-Meier survival curves for progression free survival (PFS) and overall survival 

(OS) were to be provided. 

The ratio of CD8/FoxP3 in tumor biopsies at baseline, after 2 weeks of entinostat therapy 

(timepoint 1), and after the combination therapy (timepoint 2) was treated as a continuous 

variable and summarized with descriptive statistics. Changes in the ratio of CD8/FoxP3 were 

graphically depicted. Wilcoxon signed-rank test was used to determine whether the observed 

data showed evidence of changes in the ratio of CD8/FoxP3 at different timepoints. Descriptive 

statistics were used to summarize TILs, PD-L1 and IDO data observed on the study. 

Pharmacokinetic parameters were summarized using descriptive statistics. Entinostat Cmin, 

ss was correlated with safety using Wilcoxon signed rank test or Wilcoxon rank-sum test. 
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Multiplicity adjustment is not considered because of the exploratory nature of the 

correlative analyses. Statistical tests with p-value < 0.05 are considered significant. The analyses 

of AEs were carried out using SAS software (v9.3, SAS Institute, Cary, NC), JMP Statistical 

Discovery software (version 7.0.1; SAS Institute, Cary, NC) and the R statistical software suite 

and programming environment (version 3.6.0 www.r-project.org). 

Results 

Patient Characteristics   

Thirty-five patients were consented across four National Cancer Institute (NCI) sites 

from February 2016 to May 2018. Thirty-three patients with a variety of solid tumors were 

eligible and treated in the dose escalation cohort (Table 2), with no patients remaining on 

therapy at time of data cut (March 2, 2020). Median age was 60 years (range 36-77), the majority 

enrolled were female (91%), and the median number of prior regimens for advanced disease was 

3.5 (range 0-14). Off-study reasons included progressive disease (58%), AE/dose omission per 

protocol (33%), or withdrawal of consent (9%).  

Treatment and Treatment Safety 

All patients received the pre-defined starting doses of entinostat, nivolumab and 

ipilimumab per assigned DL. Median cycles of treatment received were 3 (range 1-18). 

Hematological and non-hematological toxicities are shown in Table 3, with the most common 

AEs including fatigue (65%), nausea (41%), anemia (38%), diarrhea (26%), pain (26%), and 

anorexia (26%). Grade 3 and 4 drug-related toxicities were infrequent. DLT occurred in one 

patient in DL2 (grade 3 pneumonitis) and one in DL4 (grade 3 allergic reaction). Possible 

immune-related (ir) AEs included hypothyroidism, hyperthyroidism (n=1, [DL3]), colitis (n=1 
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[DL2], n=1 [DL3]), pneumonitis (n=2 [DL2], n=1 [DL4]), and meningoencephalitis and 

myasthenia gravis (n=1, [DL3]) (Table 3). DL3 was determined to be the RP2D based on review 

of AEs and DLTs experienced across DL3 and DL4. 

The reasons for modification of entinostat dose included fatigue, decreased white blood 

cell (WBC)/absolute neutrophil count (ANC), transaminase elevation, rash, and metabolic AEs.  

The reasons for modification of nivolumab dose included fatigue, transaminase/ lipase/ amylase/ 

creatinine elevations, and arthralgia. Lastly, ipilimumab modifications were made due to fatigue, 

ALP elevation and arthralgias.  

Treatment Efficacy 

The ORR by RECIST 1.1 was 16% (4/25 patients evaluable for objective response, 95% 

CI [6.4%, 35%]); including one complete response (CR) in a patient with triple-negative breast 

cancer (TNBC) who discontinued therapy after 3 cycles due to AEs. Three partial responses 

(PRs) occurred in one patient with hormone receptor (HR)-positive breast cancer, one with 

cholangiocarcinoma, and one with high grade undifferentiated pleomorphic sarcoma. ORR by 

irRECIST was 20% (5/25 evaluable patients, 95% CI [8.9%, 39%]), which included in addition 

to responses noted above, a PR in an additional patient with TNBC (DL 2). The median PFS was 

6.1 months (95% CI [2.7, 23.8]) for the entire cohort; 4.3 months (95% CI [2.7, 13.5]) for DL1/2, 

and 23.8 months (95% CI = [2.4, NA]) for DL 3/4 (Supplementary Figure S1A). The median 

overall survival (OS) was 10.6 months (95% CI [4.5, 22.7]) for the entire cohort; 7.6 months 

(95% CI [4.3, 12.8]) for those in DL1/2, and 20.3 months (95% CI [3.3, NA]) for DL 3/4 

(Supplementary Figure S1B). The difference in the survival outcomes between DL1/2 and 

DL3/4 may reflect the tumor types enrolled in those DLs; for instance, the majority (75%) of 

patients with sarcoma (n=4) received DL1/2, whereas all of the patients with ACC (n=4) 
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received DL3/4 (Table 2). Stable disease as the best response was observed in 44% (11/25 

patients, 95% CI [27%, 63%]): HR-positive breast cancer (n=3), adenoid cystic carcinoma (ACC, n=3), 

and one each of parotid, rectal, small bowel, apocrine adenocarcinoma, and lung cancer. Clinical 

benefit rate was 60% (15/25 patients with measurable disease (95% CI [41%, 77%]), and did not 

differ between DLs (Supplemental Table S1). Three patients were treated beyond progression 

with none having a subsequent treatment response.  

Pharmacokinetics 

Pharmacokinetic data were obtained from 30 patients. Entinostat trough concentrations 

were 0.79 ± 0.52 ng/mL. Higher entinostat trough concentrations correlated with first cycle 

anemia (p=0.02) and increased amylase (p=0.04). There was no other statistically significant 

correlation between the worst grade of toxicity and entinostat exposure.  

Evaluation of CD8/FoxP3 Ratio 

Research biopsies were collected in all 33 patients at baseline, in 85% of patients (28/33) 

at timepoint 1, and in 42% of patients (14/33) at timepoint 2. Supplementary Table S2 outlines 

the number of correlative analyses that were performed at each timepoint. A statistically 

significant increase in the CD8/FoxP3 ratio was observed across DLs between timepoints 1 and 2 

(Wilcoxon signed-rank test, p = 0.002) (Figure 2A), which was not observed between baseline 

and later timepoints.  The median ratio was 4.11, 3.56, and 9.03 for baseline, timepoint 1, and 

timepoint 2, respectively (Figure 2B). Of note, the two patients with the most dramatic increase 

in CD8/FoxP3 ratios between these timepoints had HR-positive breast cancer (Figure 2A). 

These patients both experienced treatment-related toxicity; one each of grade 3 colitis and grade 

3 lipase elevation. Lastly, one of these patients had a PR while the other experienced stable 

disease. There was an observed increase in CD8/FoxP3 ratio in those patients who experienced a 
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treatment response (n=4) (Supplementary Figure S2A) however, this was not statistically 

significant. Of note, an increase was observed after addition of entinostat alone (baseline vs. 

timepoint 1) but was more pronounced following addition of ICIs. Analyses of CD8/FoxP3 ratio 

by timepoint includes all dose levels combined. Of note, in an exploratory analysis, patients who 

received entinostat + nivolumab + ipilimumab [DL 3/4] had higher observed median ratios of 

CD8/FoxP3 at baseline and timepoint 1 when compared to those who received entinostat + 

nivolumab alone [DL 1/2] (Supplementary Figure S2B & S2C). The densities of CD8 and 

FoxP3 are presented in Supplementary Figures S3-S4.  

An exploratory analysis was performed to evaluate entinostat as an immunologic primer 

for ICI therapy. We examined CD8/FoxP3 ratios by tumor type and demonstrated that following 

entinostat run-

appears to increase in breast and GI tumors, largely driven by decreased FoxP3 infiltration; 

whereas the trend is less consistent in parotid/ACC and all other tumor types (Supplementary 

Figure S5). We did not, however, observe a clear trend in CD8/FoxP3 ratios in ROIs designated 

following entinostat run-in, regardless of tumor type (Supplementary Figure S6). 

Lastly, an additional exploratory analysis of CD8 T cell density in  

revealed that the median density was higher in patients with tumor response vs. those without 

response, following entinostat run-in (Supplementary Figure S7). In ROIs designated as 

CD8 T cell density demonstrated a trend towards being decreased in patients without 

response vs. those with response, following entinostat run-in (Supplementary Figure S7). 

Evaluation of TIL 

 The median percent stromal TIL observed across all timepoints was 3% (range 3-25%) 

(Supplementary Table 5). Evaluation of change in TIL before and after addition of ICI was 
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only possible in 9/33 (27%) patients; with 6/33 (18%) having paired baseline to timepoint 2 

samples, and 3/33 (9%) paired timepoint 1 to timepoint 2 samples. These results indicate the 

difficulties in obtaining serial TIL in patients with advanced solid tumors. No significant changes 

in TILs between timepoints, nor significant correlation of TIL with response, was detected in this 

small patient cohort.  

Evaluation of PD-L1 and indoleamine 2,3-dioxygenase (IDO) 

At baseline, 34.5% (10/29) of patients evaluated for PD-L1 had  1% PD-L1 positive 

tumor cells in tumor biopsies as assessed by membranous staining (Supplementary Table S4, 

Figure 3A). Of those patients who experienced a treatment response (n=4), only the patient with 

TNBC and a CR had baseline expression of PD-L1 > 1% (Figure 3B). At baseline, 25% (7/28) 

of evaluated patients had  1% PD-L1 positive lymphocytes in tumor biopsies (Figure 3A). 

There was no significant correlation between PD-L1 expression in tumor cells or lymphocytes 

and response to treatment (Supplementary Figure S8A & S8B).  

The median IDO staining was 0.124 (range 0.003-8.025) at baseline, 0.078 (range 0.008-

5.244) at timepoint 1, and 0.1325 (range 0.008-1.444) at timepoint 2 (Figure 3C). Expression of 

IDO did not correlate with response (Supplementary Figure S8C). Examples of these IHC 

stains are shown in Figure 3B. 

Discussion 

 In this multicenter phase I clinical trial, we have demonstrated that the combination of 

entinostat, nivolumab ± ipilimumab is safe and tolerable, with expected rates of irAEs (24). We 

have also identified 3mg weekly entinostat, 3mg/kg every 2 weeks nivolumab, and 1mg/kg every 6 

weeks ipilimumab (max 4 doses) as the RP2D. Our trial was designed prior to flat dosing 
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recommendations for ICI therapies, and future investigations will take into account these 

recommendations (25). We report an ORR of 16% and a clinical benefit rate of 60% with this 

combination in a heterogeneous cohort of patients. Interestingly, of ten patients with breast cancer 

enrolled, 2/10 experienced a treatment response (PR in HR-positive, CR in TNBC), and 4/10 

experienced stable disease. The most robust increases in CD8/FoxP3 ratio were also observed in two 

patients with HR-positive breast cancer who experienced a PR and stable disease (Figure 2). Three 

additional patients who experienced stable disease had ACC and remained on treatment for 6, 13, 

and 17 cycles; which may be consistent with disease biology observed in ACC (26). 

To our knowledge, this is the first published study that investigates treatment with an 

HDAC inhibitor in combination with dual ICI therapy. Trials combining dual anti-PD-1 and anti-

CTLA-4 blockade have shown variable ORR; ranging from 12-18% in metaplastic breast cancer 

(27) to 69% in MSI-H/dMMR colorectal cancer as examples (28). The ORR we have observed in 

this trial is thus comparable with reported studies performed with dual ICI in breast cancer. The 

combination of entinostat with single agent PD-L1 inhibitor has also been reported in a number 

of tumor types. These studies have reported promising clinical activity with the combination of 

entinostat and anti-PD-L1 therapy when compared to PD-L1 alone; as noted by a PFS benefit in 

patients with microsatellite stable colorectal cancer (29), melanoma (30), and non-small cell lung 

cancer (31). However, patients with ovarian cancer (32) and TNBC (33) have not benefited from 

a similar strategy. Future investigation of combination approaches with HDAC inhibition and 

dual ICIs may yield improved responses.   

Based on results from clinical and preclinical studies, we had hypothesized that the 

addition of entinostat would prime the TME and make tumors more susceptible to immune 

infiltration following treatment with ICI. To optimally examine this hypothesis, we included a 
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two-week window of entinostat treatment alone, with tumor biopsies pre- and post-entinostat. 

The goal for patient tissue collection at three timepoints was to dissect the biologic changes of 

the TME in response to entinostat alone, and following the addition of ICIs. We chose a short 

window (i.e. 2-week run-in) due to the nature of a phase I trial; i.e the need to start combination 

therapy sooner than later in patients with pretreated cancers. Future trials may facilitate further 

evaluation of the role of entinostat as a priming agent.  

Our integrated correlative analysis investigated ratios of CD8/FoxP3 immunostains, 

which has been shown to correlate with outcome in multiple tumor types (34). We expected to 

see significant changes in these T cell populations following treatment with ICIs but were unsure 

if T cell populations specifically would be affected by entinostat priming versus other immune 

cell types. Our results confirm that after a 2-week run-in with entinostat, there were no 

significant changes in CD8/FoxP3 ratios overall, however, there was a trend toward an increase 

in this ratio in patients responding to treatment. In addition, our exploratory analysis of more 

homogenous tumor types within this cohort suggest that the CD8/FoxP3 ratio increases in breast 

and GI tumors following entinostat run-in. These data lead us to hypothesize that the priming 

effects of entinostat may be more easily measured in homogenous tumor types and are 

potentially tumor type specific. This also suggests that the shift in T cell infiltration may have 

begun following sensitization with entinostat alone in these patients. Finally, the exploratory 

suggests that priming with entinostat could affect tumor cell immunogenicity leading to 

increased interaction with CD8 T cells. Evaluation of different ROIs within the tumor may thus 

be helpful in suggesting potential mechanisms of response. Future analysis of a larger 
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homogenous cohort of patients i.e. our planned expansion cohort in breast cancer, are likely to 

.

Upon treatment with ICI therapy, we also evaluated the change in both CD8 and FoxP3 

levels in biopsy samples. Our findings support our pre-clinical observations (10,13) that there are 

higher percentages of CD8+ T cells in the TME following addition of ICIs. The increased ratios 

of CD8/FoxP3 observed in this study appear to be driven by a higher increase in CD8+ T cell 

density from baseline to timepoint 2 and from timepoint 1 to timepoint 2 (Supplementary 

Figure 4). This observation supports the hypothesis that ICIs promote cytotoxic T cell 

infiltration and allow activation of resident T cells when administered with this treatment 

schedule (10,35). In addition, we investigated immunohistochemical expression of PD-L1 and 

IDO as surrogate markers of T cell activation (36 38) as a first step toward understanding 

mechanisms of response. Our evaluation of TIL did not show an association between TIL 

infiltration and response, although the significance of this is limited due to the small sample size 

and heterogenous cohort. Also, the median average TIL of 3% is relatively low in this cohort as 

compared to previously reported percentages (7,39). These findings are likely reflective of the 

heterogeneity of tumor types represented (17 different tumor types), the fact that no prior ICI 

therapy was permitted prior to study entry (tumor types for whom ICI therapy not approved), and 

that the majority of the biopsies were taken from metastatic sites (40). TIL infiltration is 

reportedly lower in metastatic disease sites (40).  

Strengths of this study include the robust preclinical rationale, the incorporation of a two-

week run-in of entinostat to facilitate evaluation of important biological questions as well as 

pharmacokinetic endpoints, and the multicenter design of the clinical trial. In addition, close 

collaboration between the basic science, pathology, and clinical trial investigators facilitated the 
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study design, optimal tissue handling and storage, identification of the most relevant tissue 

sections for slide preparation, and division of samples to enable availability for more complex 

future studies such as imaging mass cytometry and sequencing (Supplementary Methods). 

Select biospecimens representative of a single tumor type collected from this study will be used 

to investigate the infiltration of other important immune cells types to the TME such as myeloid 

derived suppressor cells (MDSCs) and tumor associated macrophages (TAMs) which have 

become increasingly important with regard to biomarkers of response to ICIs in various tumor 

types  (42 44) and  improved efficacy of ICIs in preclinical models (10,13,45,46).  

Limitations of the study include the single arm design, which was required for dose 

escalation purposes, and the heterogenous patient population enrolled. Pooled clinical and 

correlative analyses from a more homogenous population of patients with breast cancer treated in the 

dose escalation and expansion cohorts may provide further insight into the role of these agents in breast 

cancer. Another potential limitation may relate to performance of the SP142 clone used for PD-L1 

staining however, we have optimized our assay with use of this antibody, and it shows comparable 

performance to the other antibodies. Finally, research tumor biopsies at the 8-week timepoint were 

not always obtained, which may limit investigation of mechanisms of response. The majority of 

missing biopsies for timepoint 2 were due to either disease progression or technical difficulties 

related to biopsy collection; both realities in early phase drug and biomarker development. In 

addition, 3 of the 4 patients experiencing treatment response did not have biopsies at timepoint 2; 

likely due to the treatment response itself. Thes limitations, however, highlight the importance of 

alternative strategies such as liquid biopsies and imaging-based methods to develop predictive 

biomarkers of response to anti-cancer therapies. 
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In conclusion, our study highlights the feasibility of conducting multicenter studies that 

use novel epigenetic and ICI agents, with incorporation of serial tissue biopsies for biomarker 

development in patients with advanced cancer. A strong collaboration between the laboratory 

and the clinic was present from study design through completion and will be critical for the 

effective design of future trials. This study paves the way for novel combination therapies that have 

the potential to improve response rates to ICIs in traditionally less responsive tumor types.   
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Tables and Figures: 

Table 1: Dose Escalation

Table 2: Patient Characteristics 
Abbreviations: ACC, adenoid cystic carcinoma; ECOG, Eastern Cooperative Oncology Group; 
GI, gastrointestinal; GYN, gynecologic; HGSC, high grade serous carcinoma; HR, hormone-
receptor; NOS, not otherwise specified *Included 2 patients with HR-positive breast and 1 with 
triple-negative breast cancer. **2 patients with ACC received DL 1/2 and 2 received DL 3/4 

Table 3: Adverse Events  

events (AEs) possibly, probably, or definitely attributed to study drug administration. Toxicities 
graded per the NCI Common Terminology Criteria for Adverse Events (CTCAE) Version 5 
criteria. Note: Possible immune-related AEs not included in Table 3 due to frequency < 4 include 
hyperthyroidism, colitis, pneumonitis, meningoencephalitis and myasthenia gravis. 

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

Figure 1: Study Schema 
Tumor biopsy (blue arrow) and blood (red arrow) collection timepoints; Baseline, Timepoint 1 
(after entinostat run-in), Timepoint 2 (after 8 weeks combination therapy) therapy.  
Abbreviations: ECOG, Eastern Cooperative Oncology Group Performance Status; ICI, immune 
checkpoint inhibitor. 

Figure 2: Ratio of CD8/FoxP3 
A. Log-transformed ratios of CD8 density to FoxP3 density at different timepoints. Box plots 
show the median, upper and lower quartiles, and range for the corresponding ratios.  P-value is 
from Wilcoxon signed-rank test. B. Table showing summary statistics for CD8/FoxP3. Median 
and mean CD8/FoxP3 ratios at each timepoint. *Two patients with largest increase in ratio with 
HR-positive breast cancer. 

Figure 3: Summary of Biomarkers of Immunogenicity   
A. Average percentage of tumor cells or lymphocytes demonstrating PD-L1 staining. PD-L1 
staining, and evaluation was done manually from biopsies obtained from N= 28 patients at 
baseline. B. Representative images of immunostains for CD8+ T cells, FoxP3+ T cells, PDL1 in 
immune cells and IDO in immune cells, at each timepoint. C. Average IDO staining in all 
samples by timepoint did not reveal significant differences. N=28 patients for baseline, 28 for 
timepoint 1 and 14 for timepoint 2. 

Supplementary Table S1: Observations by Dose Level (Efficacy and PD-L1) 
ORR- overall response rate, irRECIST- immune related RECIST criteria, SD- standard deviation, 
P-values  

Supplementary Table S2: Tissue for Correlative Analyses 
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*In 2/12 cases, only tumor bed was noted (no tumor visualized) consistent with complete tumor 
regression; and were included in the analysis.

Supplementary Table S3: Tumor Infiltration Lymphocyte Data 
For each timepoint a TIL range and average TIL percentage (Percent TIL) is listed. *In these 
cases, only tumor bed was noted (no tumor visualized) consistent with complete tumor 
regression. Abbreviations: ACC-adenoid cystic carcinoma, CC-Cholangiocarcinoma, Apocrine 
AdenoCa- apocrine adenocarcinoma  

Supplementary Figure S1: Progression-Free and Overall Survival  
A. Progression free survival (PFS) and B. Overall Survival (OS) curves for all patients (Red), 
Dose Levels 1 and 2 (Green), and Dose Levels 3 and 4 (Blue). Table below each curve lists 
number of patients at risk for death at a given timepoint used to determine probability in curve 
above.

Supplementary Figure S2: CD8/FoxP3 Ratio A. Log-transformed ratios of CD8 to FoxP3 for 
responders (defined as those patients who responded to treatment by RECIST criteria) vs. non-
responders. B. Log-transformed density of CD8/FoxP3 ratio at different timepoints at Dose 
Levels 1/2 (left) or 3/4 (right) . Box plots show the median, upper and lower quartiles, and range 
of the corresponding densities for each timepoint. C. Table of summary statistics of CD8/FoxP3 
ratio at each time point for all patients, patients on Dose Levels 1/2 and patients on Dose Levels 
3/4. *P-values are derived from Wilcoxon rank sum test between the two dose level categories 

Supplementary Figure S3: CD8 Density 
A. Densities of CD8 at different timepoints for all patients across Dose Levels. B. Patients on 
Dose Level 1/2, and patients on Dose Level 3/4. C. Table showing summary statistics of CD8 
density at different timepoints for all patients, Dose Level 1/2, and Dose Level 3/4. *P-values are 
derived from Wilcoxon rank sum test between the two dose level categories. 

Supplementary Figure S4: FoxP3 Density 
A. Densities of FoxP3 at different timepoints for all patients. B. Dose Level 1/2, and Dose Level 
3/4 C. Table showing summary statistics of FoxP3 density at different timepoints for all patients, 
Dose Level 1/2, and Dose Level 3/4.*P-values are derived from Wilcoxon rank sum test between 
the two dose level categories 

Supplementary Figure S5:  
Densities of CD8 and FoxP3 at different timepoints for patients with designated tumor types 
(Breast, GI, Parotid/ACC, Other-which includes GYN/Sarcoma/Other) across all Dose Levels. 

as area of biopsy with greater than 50% of the cells are large malignant tumor cells as identified 
in each specimen by the study pathologist RAA. 

Supplementary Figure S6:  
Densities of CD8 and FoxP3 at different timepoints for patients with designated tumor types 
(Breast, GI, Parotid/ACC, Other-which includes GYN/Sarcoma/Other) across all Dose Levels. 
Ratios of CD8 to FoxP3 for distinct tumor types at different timepoints. R
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defined as a mix of large malignant tumor cells, stroma, i.e. cancer associated fibroblasts and 
tumor infiltrating lymphocytes, as identified in each specimen by the study pathologist RAA.

Supplementary Figure S7:   
Density of CD8 at different timepoints for all patients across all Dose Levels and according to 

i.e. cancer associated fibroblasts and tumor inf
area of biopsy with greater than 50% of the cells are large malignant tumor cells as identified in 
each specimen by the study pathologist RAA. 

Supplementary Figure S8: PD-L1 and IDO Staining 
A: PD-L1 staining in tumor cells in responders (defined as those patients who responded to 
treatment by RECIST criteria) and non-responders at each timepoint. B: PD-L1 staining in 
lymphocytes in responders and non-responders at each timepoint. C. IDO staining in responders 
and non-responders at each timepoint. 









Dose Level Dose

Entinostat Nivolumab Ipilimumab 

ALL DOSE LEVELS Entinostat 5mg/week x 2, run-in/ single agent dosing prior to proceeding to 
Dose Level assignment below.  

Level - 1 3mg, weekly 1mg/kg, q2 weeks None 
Level 1 3mg, weekly 3mg/kg, q2 weeks None 
Level 2 5mg, weekly 3mg/kg, q2 weeks None 

Level 3 3mg, weekly 3mg/kg, q2 weeks 1mg/kg, q6 weeks (max 4 doses) 

Level 4 5mg, weekly 3mg/kg, q2 weeks 1mg/kg, q6 weeks (max 4 doses) 

 



Characteristics All dose 
levels (n=33) 

Age, years 
Median 
Range 

  
60 
36-77 

Sex 
Male
Female 

  
3   (9%) 
30 (91%) 

Race 
White 
Black
Asian

  
25 (76%) 
5   (15%) 
3   (9%) 

ECOG Performance Status 
0 
1 

  
9 (27%) 
24 (73%) 

Tumor type 
Breast 
GI 
Parotid/ACC 
Sarcoma 
GYN
Other 

  
10 (31%) 
7   (21%) 
6   (18%) 
4   (12%) 
3   (9%) 
3   (9%) 

Median number of prior 
therapies (range)   

3.5 (0-14) 
Median cycles received 3 (1-18) 

Tumor 
types  Dose Level: 

1/2          3/4

Breast Triple-negative (n=3), HR-positive (n=7)  3
* 7 

GI Cholangiocarcinoma, rectal, small bowel, 
intrahepatic bile duct carcinoma, gastric, 
pancreatic, hepatocellular carcinoma 

4 3 

Parotid/ 
ACC 

Parotid cancer NOS, parotid acinic cell 
carcinoma, ACC (n=4)** 

2 4 

Sarcoma PEComa, liposarcoma, uterine 
leiomyosarcoma, high-grade 
undifferentiated pleomorphic sarcoma 

3 1 

GYN Endometrial, squamous cell carcinoma of 
the cervix/vagina, ovarian HGSC 

2 1 

Other Lung (ACC, small cell lung cancer), 
apocrine adenocarcinoma  3 

 

 

 

 

 

 

-
- -

 



Dose Level 1 (n=3) Dose Level 2 (n=14) Dose Level 3 (n=7) Dose Level 4 (n=9) (n=33) 

Adverse Event (n, %)  G3  G4 Total  G3  G4 Total  G3  G4 Total  G3  G4 Total Total 

Fatigue 1(33)   0 1(33) 4(29) 4(29) 0 8(57) 4(57) 1(14)  5(71) 6(67) 2(22)   8(89) 22(65) 

Nausea 2(67) 2(67) 6(43) 6(43) 2(29) 2(29) 4(44) 4(44) 14(41)

Anemia   1(33)   1(33) 1(7) 6(43)   7(50) 2(29)     2(29) 1(11) 2(22)   3(33) 13(38) 

Diarrhea 1(33)     1(33) 1(7)     1 (7) 2(29) 1(14)   3(43) 4(44)     4(44) 9(26) 

Pain         3(21)     3(21) 3(43) 1(14)   4(57) 2(22)     2(22) 9(26) 

Anorexia         3(21)     3(21) 4(57)     4(57) 2(22)     2(22) 9(26) 

AST/ALT increased         2(14) 2(14)   4(29) 1(14) 1(14)   2(29) 1(11) 1(11)   2(22) 8(24) 

Rash         1(7)     1(7) 4(57)     4(57) 2(22) 2(22)   4(44) 8(24) 

ALP increased         4(29) 1 (7)   5(36) 1(14)     1(14)   2(22)   2(22) 8(24) 

Thrombocytopenia         4(29)     4(29) 2(29)     2(29)   2(22)   2(22) 8(24) 

Vomiting         5(36)     5(36) 1(14)     1(14) 1(11)     1(11) 7(21) 

Neutropenia         1(7) 4(29)   5(36) 2(29)     2(29)         7(21) 

Weight loss 2(67)     2(67) 3(21)     3(21) 2(29)     2(29)         7(21) 

Hypokalemia 1(33)     1(33) 2(14)     2(14)   1(14)   1(14) 2(22)     2(22) 6(18) 

Dry mouth         4(29)     4(29) 1(14)     1(14) 1(11)     1(11) 6(18) 

Hypoalbuminemia         2(14) 1 (7)   3(21) 1(14)     1(14) 2(22)     2(22) 6(18) 

Hyponatremia         2(14) 2(14) 1(7) 5(36) 1(14)     1(14)         6(18) 

Lipase increased         1(7) 1 (7)   2(14) 1(14)   1(14) 2(29) 1(11) 1(11)   2(22) 6(18) 

Leukopenia         3(21)     3(21) 2(29)     2(29) 1(11)     1(11) 6(18) 

Lymphopenia 1(33)     1(33) 2(14)   1(7) 3(21)   2(29)   2(29)         6(18) 

Pruritus         2(14)     2(14) 2(29)     2(29) 2(22)     2(22) 6(18) 

Dysgeusia 1(33)     1(33) 3(21)     3(21)         2(22)     2(22) 6(18) 

Hypophosphatemia         3(21) 1 (7)   4(29)   1(14)   1(14)         5(15) 

Hypothyroidism         3(21)     3(21) 1(14)     1(14) 1(11)     1(11) 5(15) 

Constipation 1(33)     1(33) 1(7)     1(7) 1(14)     1(14) 1(11)     1(11) 4(12) 

Dizziness         1(7)     1(7) 2(29)     2(29) 1 (11)     1(11) 4(12) 

Dyspnea 1(33)     1(33) 2(14)     2(14) 1(14)     1(14)         4(12) 

Hypocalcemia         3(21)     3(21) 1(14)     1(14)         4(12) 

Peripheral neuropathy         1(7)     1(7) 2(29)     2(29) 1(11)     1(11) 4(12) 

Amylase increased         3(21)     3(21)   1(14)   1(14)         4(12) 

 

-

 


