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Background: Platinum-based regimens are the mainstay treatments for advanced triple-negative breast
cancer (TNBC). Preclinical studies have shown that the histone deacetylase (HDAC) inhibitor chidamide
induced antitumor effects in TNBC, and chidamide plus chemotherapy was shown to be tolerable in
several malignancies. This study sought to investigate the efficacy and safety of a combination treatment of
chidamide and cisplatin in metastatic TNBC patients.

Methods: In this phase II, single-arm study, women with metastatic TNBC were administered chidamide
(20 mg twice weekly for 2 weeks on a 21-day cycle) and cisplatin (75 mg/m” on a 21-day cycle). The primary
endpoint was the objective response rate (ORR) by RECIST 1.1. The severity of adverse events was
measured by the CT'CAE 4.03.

Results: Sixteen patients were enrolled in this study. Of these, 15 were available for evaluation. In these
15 patients, confirmed objective responses were seen in 4 patients [26.67%, 95% confidence interval (CI):
10.9%, 51.95%]. The ORRs did not meet the predefined criteria (of a response by at least 5 of the 15
patients); thus, the study remained at stage I. The median progression-free survival (PFS) was 9.8 weeks;
4 patients had a PFS of >25 weeks. In relation to the treatment-related AEs > grade 3, >2 patients had
neutropenia (33 %), thrombocytopenia (20%), leucopenia (20%), and vomiting (20%).

Conclusions: The addition of chidamide did not improve the efficacy of cisplatin in the first-line treatment
against advanced TNBC; thus, the phase II clinical trial did not progress any further. Our study appears to
be the first to investigate the HDAC inhibitor in TNBC patients and showed disappointing results, which
should inform future studies. Future research on cisplatin-based combination treatments for TNBC should

consider selecting patients based on predictive biomarkers to increase the clinical benefits.
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Introduction

Triple-negative breast cancer (I'NBC) is defined as breast
cancer that lacks the expression of estrogen receptor (ER),
progesterone receptor (PR), and human epidermal growth
factor receptor 2 (HER-2). It accounts for approximately
15% of all invasive breast cancers (1). An aggressive manner
characterizes TNBC; patients are often at an advanced stage
when diagnosed (1). As TNBC lacks hormone receptor (HR)
and HER-2 expression, clinical benefits cannot be obtained
from anti-hormone and anti-HER-2 therapies. Due to
the high heterogeneity of TNBC, it is not easy to define
appropriate targets for treatment. Thus, chemotherapy is the
only option available in the therapeutic armamentarium (1).
The 5-year cancer-specific survival is >85% in stage I TNBC
patients and >99% in stage I HR+/HER2- patients (2).
The gap in overall survival (OS) between advanced TNBC
patients and advanced breast cancer patients with other
subtypes is huge. Metastatic TNBC patients have a median
OS of about 1 year, while patients with other subtypes have
a median OS of 5 years (2).

Platinum-based chemotherapy is the preferred
therapeutic option for metastatic TNBC (3,4). Platinum
salts can bind to DNA to form DNA-platinum adducts,
which produce double-strand breaks (DSBs). About
15% of TNBC patients harbor BRCA1/2 mutation,
and at least 25% of BRCA1/2 wild-type TNBC tumors
exhibit “BRCAness”, defined as molecular characteristics
shared between sporadic tumors and carriers of BRCA1/2
mutations (5). The loss of BRCA1/2 function induces a
deficiency in homologous recombination (HR), which is
responsible for DSB repair. Thus, patients with BRCA1/2
deficient tumors are sensitive to platinum salt treatments.
A recent meta-analysis showed that platinum regimens
improved progress-free survival (PFS)/time to progression
(T'TP) in metastatic TNBC (3,5,6). Unfortunately, not all
patients benefit from platinum salts, and some develop drug
resistance, leading to disease progression or recurrence.
Research has shown that the overall response rate (ORR) of
metastatic TNBC patients in platinum-based clinical trials
is about 30%, and the OS time is only about 12 months
(2,3,7). Notably, the treatment of advanced TNBC remains
a critical clinical challenge, and the clinical efficacy of
platinum slats in cancer treatment needs to be improved.
Various studies have explored available adjunctive agents
based on platinum-based regimens, including DNA-damage
response-targeting cancer therapy, programmed death-1/
programmed death-ligand 1 (PD-1/PD-L1) inhibitors, and
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bevacizumab. However, very few studies have investigated
the effects of combinational treatment strategies based
on platinum-based regimens for TNBC patients, and
no positive results for breast cancer patients have been
demonstrated previously (8-11).

Histone deacetylases (HDACs), which catalyze the
acetylation of histone proteins and contribute to aberrant
gene expression in cancer cells, have been revealed to be
dysregulated in a variety of malignant tumors, including
breast cancer, which promotes the progression of cancer (12).
Four different classes of HDAC: (i.e., class I, II, IIT and IV)
have been defined based on their homology. Several small-
molecule inhibitors targeting HDACs have been identified
as effective treatment modalities against tumors (13).
Chidamide was originally investigated as an oral HDAC
inhibitor (14). It exerts potent antitumor activities by
inhibiting the major class I (HDAC) subtypes, and the
Chinese Food Drug Administration has approved it for
the treatment of relapsed or refractory peripheral T-cell
lymphoma (14). Chidamide in combination with anti-
hormone therapy has shown significant efficacy in treating
HR-positive advanced breast cancer in clinical practice
(15,16). Preclinical data indicate that chidamide inhibits the
proliferation and migration of TNBC cells (17-19). The
most common adverse events (AEs) related to chidamide are
fatigue, thrombocytopenia, anorexia, and leucopenia (20).
When combined with chemotherapy, hematologic toxicities,
including neutropenia, thrombocytopenia, and leucopenia,
are common. In a previous study of chidamide combined
with paclitaxel and carboplatin in advanced non-small cell
lung cancer patients, grade 3/4 neutropenia in every cycle
was observed in all patients (21).

Recent studies have shown that HDAC inhibitors,
especially class I-HDAC inhibitors, induce significant
synergistic effects with cisplatin against hematological
and solid tumors, including in high-grade serous ovarian
cancer, which shares similar molecular characteristics to
TNBC (22-27). Further, histone hypoacetylation has been
shown to condense the heterochromatin structure of DNA,
which decreases the expression of tumor suppressor genes
and blocks access to DNA-damaging agents like cisplatin.
Thus, HDAC inhibitor treatment loosens the abnormally
condensed heterochromatin structure of DNA, providing
access to cisplatin (24). Based on this preclinical evidence,
we conducted the first clinical trial on the efficacy and
safety of a combinational chidamide and cisplatin treatment
in advanced TNBC patients to further improve the clinical
response of platinum agents and the prognosis of TNBC
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patients. We present the following article in accordance
with the TREND reporting checklist (available at https://
dx.doi.org/10.21037/apm-21-1139).

Methods
Patients

To be eligible to participate in this study, patients had
to meet the following criteria: (I) be a female aged 18 to
75 years with an Eastern Cooperative Oncology Group
performance status of 0 or 1, and a life expectancy of
>3 months; (II) have histologically confirmed recurrent
and metastatic breast cancer, negative for ER and PR
as confirmed by immunohistochemistry tests, and
HER?2 amplification as confirmed by fluorescence in situ
hybridization; (IIT) have only undergone 1 previous line of
chemotherapy without cisplatin or without the development
of cisplatin resistance, which was defined as disease progress
<3 months after the last cisplatin treatment; and (IV) have
a measurable extracranial disease by RECIST 1.1; (V)
and have acceptable hematological, hepatic, renal, and
cardiac functions. Patients were excluded from the study
if they met any of the following exclusion criteria: (I) had
undergone previous treatment with HDAC inhibitors;
(IT) had symptomatic or uncontrolled central nervous
system metastases; (III) had symptomatic serosal effusion
or had received percutaneous drainage within the last 4
weeks; (IV) could not swallow, an intestinal obstruction, or
gastrointestinal disorders that would affect the absorption
of the study drug; (V) had been administered any
investigational agents within 30 days before study entry; (VI)
had a history of another malignancy in the past 5 years other
than cured basal cell carcinoma or z situ cervical carcinoma;
(VII) had an uncontrolled infection, immunocompromised
disease, or other severe concurrent illness; (VIII) had a
history of the neurological or psychogenic disorder, such
as epilepsy or dementia; (IX) were pregnant or had child-
bearing potential and were unwilling to use adequate
contraception. All patients provided written informed
consent before study entry.

Treatment plan and study design

This open-label, single-arm, 2-stage, phase 1I clinical trial
was conducted at the Fudan University Shanghai Cancer
Center in China according to the Declaration of Helsinki
(as revised in 2013). The study was approved by Fudan
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University Shanghai Cancer Center Institutional Review
Board (No. 1910208-9), and informed consent was obtained
from all patients. Patients received 30 mg of a single-agent
chidamide twice a week for 1 week in the run-in period.
Patients received a combination treatment of 20 mg of oral
chidamide twice a week (biw) for the first 2 weeks of every
3 weeks, and 75 mg/m’ of cisplatin on day 1 every 3 weeks
for 6-8 cycles. Then, patients continued to take chidamide
and 25 mg/m’ of cisplatin to maintain the response unless the
patient had disease progression or unacceptable AEs. Patients
gave a complete history, underwent laboratory assessments
and physical examinations before study entry and every cycle,
and underwent radiographic evaluations every 2 cycles to
determine tumor response based on RECIST (version 1.1).
Toxicities were graded using the Common Terminology
Ciriteria for Adverse Events (version 4.03).

Statistical analysis

This phase II study used Simon’s optimal 2-stage phase
2 design (28). P1 (projected ORR) was 0.50, and PO
(previously reported ORR) was 0.30 (a =0.05 and B =0.80).
It was decided that the results of this study would be
considered negative if <5 of the 15 patients had responses
in the first stage of accrual. Otherwise, the study would
move to the second stage of accrual, and another 31
patients would be added. If at least 19 of the 46 patients
had a complete response (CR) or partial response (PR), the
probability of the efficacy of treatment was 80%. Allowing
for a dropout rate of 15%, it was determined that a sample
size of 55 was needed.

The data were analyzed and processed using IBM SPSS
Statistics software (version 25.0; IBM Corporation, Armonk,
NY). No formal hypotheses were tested in this study, and
all analyses were descriptive and exploratory. The primary
endpoint was ORR, which was defined as CR and PR. The
secondary endpoints included PFS and the clinical benefit
rate [CR + PR + stable disease (SD) for 24 weeks], and the
evaluation of the side-effect profile of this combination. AEs
were tabulated based on severity and frequency. 95% exact
confidence intervals (Cls) were calculated for all response
rates by normal approximation.

Results
Patient characteristics

Between January 2020 and September 2020, 16 patients
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Figure 1 The treatment regimes.

with metastatic TNBC were enrolled in this study. The
treatment regimens are depicted in Figure 1. Patient
demographics and baseline characteristics are summarized
in Table 1. Fifteen patients were evaluated for toxicity and
efficacy. Due to the outbreak of coronavirus disease 2019,
1 of the 16 patients only received chidamide monotherapy
for 5 weeks and died from acute coronary syndrome (ACS)
before the combination treatment was initiated. 12 (75%)
patients had received no previous treatment for metastatic
disease. Eleven (68.75%) patients developed the metastatic
disease within 1 year of radical mastectomy. Consistent
with previously reported data (1), the most metastatic site
was the lungs. Of 12 patients for whom BRCA1/2 mutation
status was known, 2 (16.67%) harbored a germline BRCALI
mutation; no BRCA2 mutation was found. The median
number of treatment cycles was 2 (range, 1 to 10). 3 patients
were still receiving treatment at the cut-off date (January
10, 2021), with treatment durations of 221, 213, and
139 days, respectively.

Efficacy

Among the 15 patients available for evaluation (7zble 2), no
CR was observed. Four patients reached PR, and among
those, 2 patients were still being treated at the cut-off date
and had been receiving treatment for 31 weeks and 19 weeks,
respectively. The patient who had shown a PR for 31
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weeks had multiple lung metastases. Her lung metastases
shrunk after 2 cycles and were not obvious after eight
cycles. Another 2 patients with PR, receiving treatment for
6 weeks and 19 weeks, respectively, both had a germline
BRCAI mutation. The ORR (CR + PR) was 4 in 15 patients
(26.67%, 95% CI: 10.9%, 51.95%). 3 patients had SD that
received treatment for 19, 26, and 27 weeks, respectively.
The clinical benefit rate (CR + PR + SD >24 weeks) was 6 in
15 patients (40 %, 95% CI: 19.82%, 64.25%). The median
PFS was 9.8 weeks. The results did not meet the predefined
efficacy criteria for further evaluation.

Toxicity

Fifteen patients who completed at least 1 cycle of
combinational treatment were evaluated for treatment-
related AEs (Table 3). One patient enrolled on January
25, 2021 only received chidamide monotherapy (30 mg
biw) for 5 weeks when coronavirus disease 2019 began to
emerge in China. On March 9, 2021, after treatment of
chidamide monotherapy, this patient, who had bone and
liver metastasis, developed grade 3 increased aspartate
aminotransferase. On March 13, 2021, this patient was
diagnosed with ACS. On March 26, 2021, this patient
died from respiratory failure and ACS. The other AEs of
these patients were mild and included thrombocytopenia,
constipation, and hypokalemia. No patients discontinued
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Table 2 Response summary

Characteristic No. of patients (n=16) Best response Number (%)
Age (years), mean (range) 47 (25 to 65) Partial response 4 (26.67)
ECOG performance status Stable disease 3 (20.00)
0 2 Progressive disease 8 (53.33)
1 14

Time between breast surgery and metastatic disease

Metastatic 2
<1 year 11
>1 year 3

Number of metastatic organ sites

1 4
2 8
>3 4

Metastatic sites

Lung 10
Liver 8
Pleura 2
Bone 4
Lymph nodes 9
Neoadjuvant or adjuvant chemotherapy
Anthracycline 11
Taxane 10
Platinum salt 1
Capecitabine 2
Number of previous treatments
0 12
1 4
BRCA1/2 mutation status
Germline BRCAT mutation 2
BRCA1/2 wild-type 10

ECOG, Eastern Cooperative Oncology Group Performance;
BRCA1/2, breast cancer gene 1 and 2.

treatment due to AEs. Nine (60%) patients experienced
grade 3 AEs, and 3 (20%) patients experienced grade 4 AEs,
including neutropenia, thrombocytopenia, and hypokalemia.
Three patients had dose reductions of both cisplatin and
chidamide due to vomiting (n=2) and thrombocytopenia
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(n=1), and 1 patient had a chidamide dose reduction only
for hypokalemia (n=1).

The most common hematological toxicities were
anemia (87%) and leucopenia (73%). 7 (46.67%) patients
experienced grade 3/4 myelosuppression. Two (13%)
patients experienced grade IV neutropenia that was
resolved by the administration of colony-stimulating
factor and did not affect treatment. No patient had febrile
neutropenia during the study. One patient had grade IV
thrombocytopenia, which led to the hospitalization and
a dose reduction of cisplatin and chidamide. The most
common non-hematological toxicities were fatigue (53%)
and gastrointestinal toxicities, including nausea (93 %),
anorexia (53%), vomiting (53%), and constipation (53%),
most of which were mild. As all patients took aprepitant to
prevent nausea and vomiting, most patients only experienced
grade I nausea (93%) or vomiting (33%); however, 3 (20%)
patients experienced grade III vomiting, and 1 of these 3
patients required hospitalization and a dose reduction of
cisplatin and chidamide. Laboratory abnormalities were
observed, most of which were associated with electrolyte
disturbance, including hyponatremia (49%) and hypokalemia
(40%). 1 patient experienced grade IV hypokalemia
and 2 patients experienced grade III increased alanine
aminotransferase. Other laboratory abnormalities included
hyperglycemia (40%) and hypoalbuminemia (40%).

Discussion

Chemotherapy is integral to the treatment of advanced
TNBC (1). Single-agent platinum-salt chemotherapy has
been shown to induce an ORR of 31% (2). In a randomized,
multicenter, phase 3, CBCSGO006 trial, cisplatin plus
gemcitabine was shown to be superior to paclitaxel plus
gemcitabine as a first-line therapy for metastatic TNBC
patients (PFS: 7.73 vs. 6.47 months, respectively) (4).
Platinum salts have become the cornerstone of treatment
for advanced TNBC; however, as a plateau has been
reached in traditional chemotherapy, novel molecularly
targeted agents combined with platinum salts need to
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Table 3 Incidence of adverse events

Adverse events Any grade Grade 1-2 Grade 3 Grade 4

Haematological

Leucopenia 11 [73] 8 [53] 3 [20] 0
Neutropenia 9 [60] 4127] 3[20] 2[13]
Anaemia 13 [87] 12 [80] 11[7] 0
Thrombocytopenia 8 [53] 5 [33] 2 [13] 11[7]

Non-haematological

Alopecia 2[13] 2[13] 0 0
Nausea 14 [93] 14 [93] 0 0
Vomiting 8[53] 5[33] 3[20] 0
Diarrhea 1[7] 0 0 0
Weight loss 3 [20] 3 [20] 0 0
Anorexia 8 [53] 8 [53] 0 0
Stomatitis 11[7] 11[7] 0 0
Constipation 8 [53] 8 [53] 0 0
Cough 3[20] 3[20] 0 0
Fatigue 8 [53] 8 [53] 0 0
Pain 3[20] 2[13] 171 0
Fever 11[7] 11[7] 0 0
Cardiac disorders-other, specify 3 [20] 3 [20] 0 0
Urinary tract infection 11[7] 1[7] 0 0
Malaise 5[33] 5[33] 0 0
Paresthesia 2 [13] 2 [13] 0 0
Laboratory-assessed items
Increased ALT 3 [20] 11[7] 2[13] 0
Increased AST 11[7] 11[7] 0 0
Increased bilirubin 11[7] 11[7] 0 0
Increased creatinine 1[7] 1[7] 0 0
Proteinuria 3 [20] 3 [20] 0 0
Hyperglycemia 6 [40] 5[33] 1 0
Hyponatremia 6 [40] 6 [40] 0 0
Hypokalaemia 6 [40] 5 [33] 0 11[7]
Hypoalbuminemia 6 [40] 6 [40] 0 0

Data are n [%] from the safety population. ALT, alanine aminotransferase; AST, aspartate aminotransferase.
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be evaluated. Overexpressed HDACI/HDAC2 and a
specific pattern of expression of HDACI, 2, 3, and 6
have been observed in malignant breast neoplasms (29).
Several clinical trials are being conducted to test HDAC
inhibitor monotherapy alone or combined with standard
cytotoxic agents and novel targeted agents in patients with
TNBC (30,31). In this prospective, single-center, phase
IT trial, we first investigated the efficacy and safety of an
HDAC inhibitor plus cisplatin in TNBC patients. To our
knowledge, this was the first prospective trial conducted to
investigate the efficacy of an HDAC inhibitor in treating
patients with TNBC. We chose to combine chidamide
with cisplatin for a number of reasons. First, chidamide
combined with DNA-damaging agents, including cisplatin,
had shown activity against in several studies (19,22,24,25).
Second, preclinical data had shown that chidamide inhibited
the proliferation and migration of TNBC cells (19). Third,
the molecular mechanisms of the chidamide/cisplatin
against tumors provided a rationale for their synergistic
effect (24). However, TNBC is of high heterogeneity and
aggressiveness, rendering clinical investigations much more
difficult. Our results revealed the disappointing efficacy of
HADC inhibitors in TNBC.

In the current study, the pre-specified efficacy threshold (a
response by 5 of the 15 patients ) was not met; no patients
achieved CR, and only 4 of the 15 (26.67%) patients
achieved PR. The ORR of platinum-based chemotherapy
was previously reported to be more than 30% in metastatic
patients with TNBC (7,32). The median PFS in the
current trial was 9.8 weeks, which was much lower than
that previously reported (4). Most patients in the current
study received the combination treatment as first-line
chemotherapy and had no previous cisplatin exposure.
Our study’s lower ORR and PFS could be attributed
to the different combinational treatment strategies and
the small study size. Additionally, 30 mg of chidamide
biw is recommended as the dose to be combined with
anti-hormone therapy for HR-positive breast cancer or
chemotherapy for T lymphoblastic lymphoma/leukemia
(15,33). In our study, to control the treatment-related AEs,
we chose to combine 20 mg of chidamide biw with cisplatin;
however, this amount might have been insufficient to
induce any pronounced activity against tumors. Given the
good tolerability of chidamide plus chemotherapy in breast
cancer, a higher dose of chidamide could be considered
in future research. Sufficient evidence was not found to
continue to the next stage in this trial, as only 4 patients
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achieved PR and 3 patients achieved SD .

According to previous studies, the most common AEs
associated with platinum regimens are nausea, vomiting,
anorexia, anemia, and thrombocytopenia, and the most
frequently reported AEs associated with chidamide are
fatigue thrombocytopenia, neutropenia, nausea, anorexia,
vomiting, and diarrhea (6,16). The most frequent AEs
reported in the current study were gastrointestinal events,
including nausea (93%) and vomiting (53%), anorexia
(53%), constipation (53 %), hematological events, including
leucopenia (73 %), neutropenia (60%), anemia (87%), and
thrombocytopenia (53 %), and fatigue (60%). The grade
of gastrointestinal and hematological AEs in the current
study was apparently higher than those of chidamide
monotherapy in peripheral T-cell lymphoma patients (34).
This might be due to the overlapping toxicities of each
drug in the combination treatment. Most AEs were mild
to moderate, and dose discontinuation was not required.
Grade 3/4 myelosuppressive events were observed in our
clinical trial; however, consistent with the findings of
previous studies (35,36), these events were transient and
reversible. Considering the common gastrointestinal and
myelosuppressive events related to the current regimens,
further clinical trials on combinational treatments
of HADC inhibitors and platinum salts should seek
to monitor the symptoms and establish appropriate
management strategies.

This trial had several limitations, including its small
sample size, non-randomized character, and the un-selection
of the enrolled patients. Further biomarker analysis
of our CBCSGO006 trial investigating cisplatin-based
chemotherapy in TNBC demonstrated that HR deficiency
status was significantly associated with higher ORR and
longer PFS in a cisplatin plus gemcitabine treatment
than a paclitaxel plus gemcitabine treatment in metastatic
TNBC (37). In the current study, the 2 patients with
germline BRCA1 mutation achieved PR, which provides
further evidence of the predictive role of the BRCA1/2
mutation in cisplatin treatment. Thus, selecting appropriate
patients for the clinical study of TNBC is critical.

Together, the combination of chidamide and cisplatin
does not appear to have superior efficacy to standard
cisplatin-based chemotherapy in treating advanced TNBC.
Our study’s limited ORR and PFS reflected the treatment-
refractory nature of such tumors and the urgent need for
more effective therapies. Several studies investigating
the efficacy and safety of adding novel targeted agents,
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including WEEL inhibitors and PD-L1 inhibitors, to
platinum-based chemotherapy in TNBC have been
conducted (38-40). Chidamide has been observed to
enhance immune cell-mediated antitumor activity (41).
Several ongoing clinical trials investigate the efficacy and
safety of combination treatments of immune checkpoint
inhibitors and other HDAC inhibitors in TNBC (30).
Thus, combining chidamide with immune checkpoint
inhibitors may represent a promising approach for further
clinical investigations in TNBC. It will be interesting to see
whether novel combination strategies improve the outcome
of platinum agents in TNBC patients.
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