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Tucidinostat plus exemestane for postmenopausal patients 
with advanced, hormone receptor-positive breast cancer 
(ACE): a randomised, double-blind, placebo-controlled, 
phase 3 trial
Zefei Jiang, Wei Li, Xichun Hu, Qingyuan Zhang, Tao Sun, Shude Cui, Shusen Wang, Quchang Ouyang, Yongmei Yin, Cuizhi Geng, Zhongsheng Tong, 
Ying Cheng, Yueyin Pan, Yuping Sun, Hong Wang, Tao Ouyang, Kangsheng Gu, Jifeng Feng, Xiaojia Wang, Shubin Wang, Tianshu Liu, Jinghua Gao, 
Massimo Cristofanilli, Zhiqiang Ning, Xianping Lu

Summary
Background Tucidinostat (formerly known as chidamide) is an oral subtype-selective histone deacetylase inhibitor. 
In an exploratory study, the combination of tucidinostat with exemestane showed preliminary signs of encouraging 
anti-tumour activity in patients with advanced hormone receptor-positive breast cancer. To build on these findings, 
we aimed to assess the efficacy and safety of this combination in a randomised trial in a larger population of 
postmenopausal patients with advanced, hormone receptor-positive breast cancer.

Methods We did the randomised, double-blind, placebo-controlled, phase 3 ACE trial at 22 specialist cancer centres 
in China. Eligible patients were postmenopausal women (aged ≥60 years or aged <60 years if their serum follicle-
stimulating hormone and oestradiol concentrations were within postmenopausal ranges) with hormone receptor-
positive, HER2-negative breast cancer, whose disease had relapsed or progressed after at least one endocrine 
therapy (either in advanced or metastatic or adjuvant setting), and who had at least one measurable lesion, adequate 
organ function, Eastern Cooperative Oncology Group (ECOG) performance status of 0–1, and adequate 
haematological and biochemical parameters. Endocrine therapy did not have to be the most recent therapy before 
randomisation, but recurrence or progression after the most recent therapy was a prerequisite. Patients were 
randomly assigned (2:1) by a dynamic randomisation scheme via an interactive web-response system to receive 
30 mg oral tucidinostat or placebo twice weekly. All patients in both groups also received 25 mg oral exemestane 
daily. Randomisation was stratified according to the presence of visceral metastases (yes vs no). Patients, 
investigators, study site staff, and the sponsor were masked to treatment assignment. The primary endpoint was 
investigator-assessed progression-free survival. Efficacy analyses were done in the full analysis set population, 
comprising all patients who received at least one dose of any study treatment, and safety analyses were done in all 
patients who received at least one dose of any study treatment and for whom at least one safety case report form 
was available. This study is registered with ClinicalTrials.gov, number NCT02482753. The study has reached the 
required number of events for final analysis of the primary endpoint. The trial is no longer enrolling patients, 
but follow-up for investigation of overall survival is ongoing.

Findings Between July 20, 2015, and June 26, 2017, 365 patients were enrolled and randomly assigned, 244 to the 
tucidinostat group and 121 to the placebo group. The median duration of follow-up was 13·9 months (IQR 9·8–17·5). 
Investigator-assessed median progression-free survival was 7·4 months (95% CI 5·5–9·2) in the tucidinostat group 
and 3·8 months (3·7–5·5) in the placebo group (HR 0·75 [95% CI 0·58–0·98]; p=0·033). The most common grade 3 
or 4 adverse events in either group were neutropenia (124 [51%] of 244 patients in the tucidinostat group vs three [2%] 
of 121 patients in the placebo group), thrombocytopenia (67 [27%] vs three [2%]), and leucopenia (46 [19%] vs 
three [2%]). Serious adverse events of any cause occurred in 51 (21%) of 244 patients in the tucidinostat group and 
seven (6%) of 121 patients in the placebo group. No treatment-related deaths were reported.

Interpretation Tucidinostat plus exemestane improved progression-free survival compared with placebo plus 
exemestane in patients with advanced, hormone receptor-positive, HER2-negative breast cancer that progressed after 
previous endocrine therapy. Grade 3–4 haematological adverse events were more common in the tucidinostat plus 
exemestane group than in the placebo plus exemestane group. Tucidinostat plus exemestane could represent a new 
treatment option for these patients.
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Introduction
Endocrine therapy is the recommended systemic 
treatment for patients with hormone receptor-positive 
breast cancer, the most common subtype of this disease. 
However, in a large subset of patients, both primary and 
acquired resistance to endocrine therapies can develop. 
Thus, identification and development of effective 
therapeutic options that prolong or restore sensitivity to 
endocrine treatment are important in patients with 
advanced hormone receptor-positive breast cancer.

Aberrant gene expression due to epigenetic alterations 
correlates with disease progression and resistance to 
endocrine therapy in breast cancers.1,2 Epigenetic 
alterations can be modulated or reversed with histone 
deacetylase (HDAC) inhibitors, which modify the status 
of acetylation on histone and non-histone proteins to 
induce cell cycle arrest, differentiation, and death in 
cancer cells, and to change the tumour microenviron
ment.3,4 Several HDAC inhibitors have been approved for 
use in haematological malignancies,5 but efficacy in solid 
tumours has not been shown.

Tucidinostat (formerly known as chidamide) is an oral 
benzamide class of HDAC inhibitor with subtype 
specificity for inhibition of HDAC1, HDAC2, HDAC3, 
and HDAC10.6 It has been approved in China for relapsed 
or refractory peripheral T-cell lymphoma,7,8 and is under 
clinical development globally for various cancers. 
Previous studies6,9,10 have shown that the benzamide 
class of subtype-selective HDAC inhibitors, including 
tucidinostat and entinostat, enhance tumour immune 
surveillance via activation of natural killer cell-specific 
and antigen-specific cytotoxic T-cell-mediated cellular 
anti-tumour immunity, which differentiates the subtype-
selective agent from other non-selective HDAC inhibitors. 
Tucidinostat downregulates oestrogen-independent 

growth factor signalling pathways and restores sensitivity 
to anti-oestrogen agents.11 An exploratory clinical study12 
showed that the combination of tucidinostat with the 
aromatase inhibitor exemestane had encouraging activity 
and a tolerable safety profile in postmenopausal patients 
with advanced hormone receptor-positive breast cancer. 
We aimed to assess the efficacy and safety of tucidinostat 
plus exemestane in postmenopausal patients with 
hormone receptor-positive, HER2-negative advanced 
breast cancer that had progressed after previous endocrine 
therapy.

Methods
Study design and participants
The Chidamide and Exemestane (ACE) study was a 
randomised, double-blind, placebo-controlled, phase 3 
trial done at 22 specialist cancer centres in China 
(appendix p 3). Eligible patients were postmenopausal 
women with histologically or cytologically confirmed 
hormone receptor positive, HER2-negative, inoperable 
breast cancer, whose disease relapsed or progressed after 
at least one endocrine therapy (either in the advanced or 
metastatic or adjuvant setting), and who had at least one 
measurable lesion according to the Response Evaluation 
Criteria in Solid Tumours (RECIST; version 1.1);13 
adequate organ function; Eastern Cooperative Oncology 
Group (ECOG) performance status of 0 or 1; a life 
expectancy of at least 3 months; and absolute neutrophil 
count of at least 1500 cells per µL, platelet count of at 
least 100 000 per µL, haemoglobin concentrations of 
9·0 g/dL or higher, total bilirubin concentrations less 
than or equal to 1·5 times the upper limit of normal 
(ULN), alanine aminotransferase and aspartate 
aminotransferase concentrations less than or equal to 
2·5 times the ULN (≤5 times the ULN in patients with 
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Research in context

Evidence before this study
We searched PubMed with the search terms “HDAC inhibitor” 
AND “breast” AND (“advanced” or “metastatic”) for reports 
published in English between Jan 1, 2006, and Jan 28, 2019, 
to identify clinical studies of histone deacetylase (HDAC) 
inhibitors in advanced breast cancer. We identified one 
randomised phase 2 trial and six single-arm phase 1 and 
2 studies. Although several HDAC inhibitors have been 
approved for haematological malignancies, their efficacy in 
solid tumours has not been shown. In an exploratory clinical 
trial in patients with advanced hormone receptor-positive 
breast cancer, the combination of tucidinostat and exemestane 
had encouraging activity and a tolerable safety profile.

Added value of this study
To our knowledge, our trial is the first phase 3 randomised 
clinical trial of an HDAC inhibitor (tucidinostat) in combination 
with an endocrine therapy (exemestane) in patients with 

advanced, hormone receptor-positive breast cancer that has 
progressed after previous endocrine therapy. Compared with 
placebo plus exemestane, tucidinostat plus exemestane 
significantly improved progression-free survival and 
substantially increased overall response and clinical benefit in 
this patient population. The combination of tucidinostat plus 
exemestane was associated with a manageable safety profile.

Implications of all the available evidence
Primary and secondary drug resistance to endocrine therapy 
remains a major challenge in the treatment of hormone 
receptor-positive breast cancer. Epigenetic modulation plus 
endocrine blockade with tucidinostat and exemestane is a 
feasible and adequately tolerated strategy against drug 
resistance and relapse in advanced breast cancer. This 
combination could be a new treatment option for patients with 
advanced hormone receptor-positive, HER2-negative breast 
cancer that has progressed after previous endocrine therapy.

See Online for appendix
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liver metastases), and serum creatinine concentrations 
less than or equal to 1·5 times the ULN. Participants 
were judged to be postmenopausal if they had undergone 
surgical menopause with bilateral oophorectomy; were 
aged 60 years or older; were younger than 60 years but 
had been in natural menopause for at least 12 months, 
with serum follicle-stimulating hormone (FSH) and 
oestradiol concentrations within locally used post
menopausal ranges, and had not been treated with 
chemotherapy, tamoxifen, toremifene, or ovarian 
suppression for at least 1 year before study entry; or were 
younger than 60 years and receiving tamoxifen or 
toremifene, with serum FSH and oestradiol 
concentrations within the postmenopausal range. 
Hormone receptor status (ie, expression of estrogen 
receptor or progesterone receptor, or both) and HER2 
status were assessed locally in the most recently obtained 
tumour tissue sample. Endocrine therapy did not have to 
be the most recent treatment before enrolment, but 
recurrence or progression after receipt of the most recent 
therapy was required for randomisation. Participants 
were allowed to have received one previous line of 
chemotherapy for advanced disease. To ensure accurate 
assessment, patients with bone-only lesions were 
screened by bone scan, followed by confirmation with CT 
or MRI. Previous exposure to exemestane was not 

allowed. Patients with uncontrolled brain metastases, 
uncontrolled or significant cardiovascular disease, 
clinically significant gastrointestinal abnormalities, 
active infection or persistent fever during the 14 days 
before study entry, or mental disorders that could 
interfere with treatment compliance were excluded. The 
full inclusion and exclusion criteria are in the appendix 
(pp 60–62).

Written, informed consent was obtained from every 
patient before screening and enrolment. The ethics 
committee at each participating centre approved the 
study, which was done in accordance with the principles 
of Good Clinical Practice, the Declaration of Helsinki, 
and Chinese regulations. The study protocol is in the 
appendix (pp 30–86).

Randomisation and masking
Patients were randomly assigned (2:1) to receive oral 
tucidinostat plus exemestane or placebo plus exemestane. 
Randomisation was done centrally and stratified 
according to the presence of visceral metastases 
(yes vs no). We used a dynamic randomisation scheme 
with an interactive web-response system based on drug 
pack number allocation. Investigators enrolled partici
pants and used identifying information to register them 
in the interactive web-response system. Patients were 
assigned three-digit random numbers and treatment 
groups. Tucidinostat tablets and the matching placebo 
had identical packaging, labelling, appearance, and 
administration schedules. Patients, investigators, study 
site staff, and the sponsor were masked to treatment 
assignment until the database was locked. The local and 
central imaging review pathologists were also masked to 
treatment allocation.

Procedures
30 mg tucidinostat or matching placebo was given orally 
(as six 5 mg tablets per day) twice a week (either, Monday 
and Thursday, Tuesday and Friday, or Wednesday and 
Saturday) for 4 consecutive weeks in a 4-week cycle. 
Patients also took 25 mg exemestane orally daily. Efforts 
were made to maintain the planned schedule and 
dose—eg, patients had drug diaries to document drug 
intake. Completed drug diaries were returned to the 
study site at the next study visit. Patients continued to 
receive treatment until disease progression, 
development of unacceptable toxic effects, loss to follow-
up, or withdrawal of consent. Dose reduction of 
tucidinostat or placebo (first to 20 mg, then to 10 mg) 
was allowed if adverse events occurred, per criteria 
defined in the study protocol (appendix pp 64–66). 
Reduction of exemestane doses was not allowed. Delay 
of tucidinostat or placebo was allowed for up to 2 weeks. 
Patients in whom grade 4 haematological adverse 
events, grade 3 neutrophil reductions with body 
temperatures higher than 38·5˚C, or grade 3 non-
haematological adverse events stopped tucidinostat or 

Figure 1: Trial profile
*All participants received at least one dose of their assigned treatment.

365 randomly assigned

244 assigned to tucidinostat
plus exemestane*

244 included in efficacy
analyses

41 remained on treatment
at data cutoff

203 discontinued treatment
156 disease progression

20 patients’ decision
19 adverse events

4 physicians’ decision
3 died
1 lost to follow-up

443 patients assessed for eligibility

121 assigned to placebo
plus exemestane*

121 included in efficacy
analyses

23 remained on treatment
at data cutoff

98 discontinued treatment
89 disease progression

7 patients’ decision
2 physicians’ decision

78 excluded
58 met exclusion criteria

9 did not meet inclusion criteria
7 declined to participate
4 other reasons
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placebo and received treatment for their symptoms 
(per investigators’ discretion). Study drug was resumed 
with dose reduction if the adverse events improved to 
grade 1 or lower within 2 weeks. If adverse events did 
not improve, study drug was terminated.

CT or MRI, or both, of the chest, abdomen, and pelvis 
was done to screen patients during the 3 weeks before 
randomisation, and then repeated every 8 weeks until 
disease progression. In patients with bone-only lesions, 
we also assessed extra-bone tissues and organs for new 
disease lesions. Radiographic bone scans were done at 
screening and subsequently as clinically indicated or to 
confirm complete responses. Patients who discontinued 
study drugs for any reason other than progression 
continued to undergo imaging assessments every 
8 weeks until disease progression or until they started 
other anti-tumour treatment.

The incidence and severity of adverse events and 
serious adverse events were monitored by investigators 
throughout the study period. Haematological laboratory 
tests were done weekly and biochemical laboratory tests 
were done every 4 weeks. Adverse events were recorded 
and graded according to the National Cancer Institute’s 
Common Terminology Criteria for Adverse Events 
(version 4.0). Suspected causal associations between 
study drugs and adverse events were recorded on the 
basis of investigators’ judgment.

Outcomes
The primary endpoint was investigator-assessed 
progression-free survival, defined as the time from 
randomisation to either the first documented disease 
progression (according to RECIST version 1.1) or death 
from any cause. Secondary endpoints were overall 
survival (defined as the time from randomisation to 
death from any cause), objective response (defined as the 
proportion of patients with a complete response or a 
partial response according to RECIST), clinical benefit 
(defined as the proportion of patients with an objective 
response or stable disease lasting 24 weeks or longer 
per RECIST), duration of response (defined as the time 
from first documented objective response to death or 
first documented progression per RECIST), and safety 
(defined as the frequency and severity of adverse events 
and laboratory abnormalities).

Statistical analysis
For the primary endpoint, we used a log-rank test 
adjusted for visceral metastases. We estimated that 
255 events (ie, disease progression or death) would be 
required in the two treatment groups for the study to 
have 80% power to detect a 44% improvement in median 
progression-free survival from 4·1 months to 5·9 months 
(representing an approximately 30% reduction in risk of 
disease progression or death) with a two-sided 5% level 
of significance. Furthermore, assuming 24 months of 
recruitment, 12 months of follow-up, 10% loss to 

follow-up, and a 2:1 randomisation ratio in favour of the 
tucidinostat group, we calculated that a sample size of 
328 patients was needed.

Efficacy analyses were done in the full analysis set, 
comprising all randomly assigned patients who received 
at least one dose of study drug. Safety analyses included 
all patients who had received at least one dose of study 
drug and for whom at least one safety case report form 
had been completed. The Kaplan-Meier method 
was applied to estimate the distribution of data for 
progression-free survival, and we used a prespecified Cox 
proportional-hazards model adjusted for visceral 
metastases to estimate treatment effect, which was 
expressed as a hazard ratio (HR) with a 95% CI. Patients 
who did not have a progression-free survival event were 

Tucidinostat group 
(n=244)

Placebo group 
(n=121)

Age, years 55 (48–61) 55 (48–62)

ECOG performance status

0 95 (39%) 38 (31%)

1 149 (61%) 83 (69%)

Visceral disease* 138 (57%) 62 (51%)

Measurable disease† 193 (79%) 96 (79%)

Metastatic site

Lung 86 (35%) 36 (30%)

Liver 70 (29%) 32 (26%)

Bone only 52 (21%) 26 (21%)

Number of previous treatments for metastatic disease

0 106 (43%) 49 (40%)

1 80 (33%) 39 (32%)

2 51 (21%) 29 (24%)

3 7 (3%) 4 (3%)

Previous endocrine treatment for metastatic disease

Yes 115 (47%) 59 (49%)

Anti-oestrogen 15 (6%) 10 (8%)

Aromatase inhibitor 97 (40%) 50 (41%)

Fulvestrant 17 (7%) 3 (2%)

No 129 (53%) 62 (51%)

Sensitive to previous endocrine therapy‡

Yes 162 (66%) 83 (69%)

No 82 (34%) 38 (31%)

Previous chemotherapy

No previous chemotherapy 14 (6%) 8 (7%)

For metastatic disease 69 (28%) 41 (34%)

For adjuvant disease 161 (66%) 72 (60%)

Progesterone receptor status

Positive 201 (82%) 98 (81%)

Negative 43 (18%) 23 (19%)

Data are median (IQR) or n (%). All participants were of Chinese ethnicity. 
ECOG=Eastern Cooperative Oncology Group. *Visceral disease was defined as 
involvement of the lungs, liver, spleen, or adrenal gland. †All other patients had at 
least one mainly lytic bone lesion. ‡Sensitivity was defined as at least 24 months 
of endocrine therapy before recurrence in the adjuvant setting or a response or 
stabilisation for at least 6 months with endocrine therapy for advanced disease.

Table 1: Baseline characteristics in the full analysis set
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censored at the date of their last adequate tumour 
assessment. We also assessed progression-free survival 
in prespecified subgroups based on age, stratification 
factor, and other potential baseline prognostic factors; 
the effects of treatments by subgroup were reported 
as HRs with 95% CIs in a forest plot. A blinded, 
independent central review of progression-free survival 
was done in all patients as a supportive analysis. The 
proportions of patients who achieved an objective 
response or clinical benefit were compared between the 
two groups with the logistic regression model (adjusted 
for visceral metastases). The distribution of the data for 
duration of response was estimated with the 
Kaplan-Meier method, and the HR was estimated with 
the Cox proportional-hazards model used to estimate 

treatment effect. Overall survival was summarised and 
analysed in the same way as progression-free survival.

On the basis of the calculated sample size and 
preplanned study duration, no interim analyses were 
planned or done. All statistical analyses were done in 
SAS (version 9.4), and all p values reported are two sided. 
This study is registered with ClinicalTrials.gov, number 
NCT02482753.

Role of the funding source
The funder of the study had a role in study design, data 
collection, data analysis, data interpretation, and writing 
of the report. The corresponding author had full access 
to all the data in the study and had final responsibility for 
the decision to submit for publication.

Results
Between July 20, 2015, and June 26, 2017, 365 patients 
were enrolled and randomly assigned, 244 to tucidinostat 
plus exemestane (tucidinostat group) and 121 to placebo 
plus exemestane group (placebo group; figure 1). The 
rate of loss to follow-up during the study seemed to be 
higher than 10% (based on a higher-than-expected 
number of withdrawals), which is why 365 patients 
were enrolled rather than the projected sample size of 
328. Baseline characteristics were well balanced between 
the treatment groups (table 1). Detailed data for the 
numbers of patients enrolled in each group meeting the 
different postmenopausal enrolment criteria are in the 
appendix (p 4). Because neither CDK4 or CDK6 
inhibitors nor everolimus were approved in China 
during the enrolment period, very few patients had 
previously received such agents. Three patients in the 
tucidinostat group and four in the placebo had 
previously participated in a palbociclib clinical trial, but 
information about whether the patients had received 
the active drug or placebo was unavailable. One patient 
in the tucidinostat group had previously received 
everolimus treatment. By the data cutoff date 
(March 9, 2018), 252 events of disease progression or 
death had occurred, 162 in the tucidinostat group and 
90 in the placebo group. 41 (17%) of 244 patients in the 
tucidinostat group and 23 (19%) of 121 patients in the 
placebo group were still receiving treatment. Median 
treatment duration was 24 weeks (IQR 8–44) in the 
tucidinostat group and 16 weeks (IQR 8–40) in the 
placebo group. Overall, the median duration of follow-
up was 13·9 months (IQR 9·8–17·5).

Investigator-assessed median progression-free survival 
was 7·4 months (95% CI 5·5–9·2) in the tucidinostat 
group and 3·8 months (3·7–5·5) in the placebo group 
(HR 0·75 [95% CI 0·58–0·98]; p=0·033; figure 2A; 
table 2). In central imaging assessments by blinded 
independent review, median progression-free survival 
was 9·2 months (95% CI 7·2–10·9) in the tucidinostat 
group and 3·8 months (3·6–7·4) in the placebo group 
(HR 0·71 [95% CI 0·53–0·96]; p=0·024; figure 2B; 

Figure 2: Kaplan-Meier plots of progression-free survival assessed by (A) investigators and (B) independent 
central review
Dashes on the curves represent censored patients. HR=hazard ratio.
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table 2). Figure 3 shows progression-free survival in 
different patient subgroups.

The median relative dose intensity was 92% 
(IQR 74·3–100·0) for the 244 patients who received 
tucidinostat (median dose intensity 55·3 mg 
[IQR 44·6–60·0]) and 100% (98·5–100·0) for 121 patients 
who received placebo (60·0 mg [59·1–60·0]). The median 
relative dose intensity of exemestane was 100% 
(99·2–100·0) for the tucidinostat group (25·0 mg 
[24·8–25·0]) and 100% (100·0–100·0) for the placebo 
group (25·0 mg [IQR 25·0–25·0]). 45 (18% [95% CI 
14–23]) of 244 patients in the tucidinostat group had an 
objective response per investigator assessment, com
pared with 11 (9% [4–14]) in the placebo group (p=0·026). 
Median duration of response did not differ significantly 
between groups (table 2). More patients in the tuci
dinostat group than in the placebo group experienced 
clinical benefit (table 2). Central assessment of objective 
response, duration of response, and clinical benefit 
showed consistent results (table 2). Overall survival 
results were not mature at the data cutoff date: 55 (23%) 
of 244 patients in the tucidinostat group and 31 (26%) of 
121 patients in the placebo group died. Patients and 
investigators will remain unaware of study assignments 
until survival results are mature for analysis.

The most common all-cause adverse events of any grade 
reported in the tucidinostat group were haematological 
toxic effects (table 3). Neutropenia, leucopenia, thrombo
cytopenia, and anaemia. The most common grade 3 or 4 
haematological adverse events in either group were 
neutropenia (124 [51%] of 244 patients in the tucidinostat 
group vs three [2%] of 121 patients in the placebo 
group), thrombocytopenia (67 [27%] vs three [2%]), 
and leucopenia (46 [19%] vs three [2%]). No febrile neutro
penia was reported in either treatment group. Most 
haematological adverse events, such as anaemia and 
thrombocytopenia, were mostly asymptomatic and 
manageable by supportive care. Transfusions of red blood 
cells and platelets were given to one patient in the placebo 
group for grade 3 anaemia and grade 4 thrombocytopenia, 
respectively. No remarkable bleeding-related adverse 
events were reported. The most common non-haema
tological adverse events of any grade were hypokalaemia, 
hyperglycaemia, hypocalcaemia, and hypertriglyceri
daemia, which were all reported more frequently in the 
tucidinostat group than in the placebo group (table 3). 
Gastrointestinal adverse events (including nausea, 
vomiting, and diarrhoea) and urinary tract infections also 
occurred more frequently in the tucidinostat group than 
in the placebo group. Grade 3 or 4 non-haematological 
adverse events that occurred in more than 2% of patients 
in the tucidinostat group were hypokalaemia (15 [6%] of 
244 patients vs one [1%] of 121 patients in the placebo 
group), hypertriglyceridaemia (12 [5%] vs none), increased 
γ-glutamyl transferase (11 [5%] vs three [3%]), increased 
blood creatine phosphokinase (five [2%] vs none), hypo
phosphataemia (five [2%] vs none), hyperglycaemia 

(five [2%] vs none). All adverse events of any grade in both 
study groups are presented in the appendix (pp 5–16). 
Treatment-related adverse events are shown in the 
appendix (pp 17–24).

Serious adverse events of any cause occurred in 
51 (21%) of 244 patients in the tucidinostat group and 
seven (6%) of 121 patients in the placebo group (appendix 
pp 25–27). No serious adverse event occurred in more 
than 2% of the patients in either group (appendix 
pp 25–27). 24 (10%) of 244 patients in the tucidinostat 
group, and two (2%) of 121 patients in the placebo group, 
had at least one treatment-related serious adverse 
event (appendix p 28). No treatment-related deaths were 
reported in the study. Three deaths occurred in the 
tucidinostat group during or within 30 days of study 
treatment because of progression of breast cancer.

The most frequent reason for treatment discontinuation 
was disease progression, which occurred in 156 (64%) of 

Tucidinostat 
group (n=244)

Placebo group 
(n=121)

p value Hazard ratio 
(95% CI)

Investigator assessment

Progression-free survival

Disease progression or death 162 (66%) 90 (74%) 0·033 0·75 (0·58–0·98)

Kaplan-Meier median, months 7·4 (5·5–9·2) 3·8 (3·7–5·5) ·· ··

Best overall response

Complete response 1 (<1%) 0 ·· ··

Partial response 44 (18%) 11 (9%) ·· ··

Stable disease 136 (56%) 65 (54%) ·· ··

Progressive disease 49 (20%) 43 (36%) ·· ··

Not assessable or unknown 14 (6%) 2 (2%) ·· ··

Objective response 45 (18% [14–23]) 11 (9% [4–14]) 0·026 ··

Clinical benefit 114 (47% [41–53]) 43 (36% [27–44]) 0·034 ··

Duration of response

Disease progression or death 
after initial objective response

21/45 (47%) 3/11 (27%) 0·574 1·43 (0·41–4·93)

Kaplan-Meier median, months 12·9 (5·6–25·0) NR (5·6–NE) ·· ··

Independent review committee assessment

Progression-free survival

Disease progression or death 124 (51%) 71 (59%) 0·024 0·71 (0·53–0·96)

Kaplan-Meier median, months 9·2 (7·2–10·9) 3·8 (3·6–7·4) ·· ··

Best overall response

Complete response 0 0 ·· ··

Partial response 40 (16%) 9 (7%) ·· ··

Stable disease 135 (55%) 66 (55%) ·· ··

Progressive disease 53 (22%) 42 (35%) ·· ··

Not assessable or unknown 16 (7%) 4 (3%) ·· ··

Objective response 40 (16% [12–21]) 9 (7% [3–12]) 0·024 ··

Clinical benefit 104 (43% [36–49]) 37 (31% [22–39]) 0·020 ··

Duration of response

Disease progression or death 
after initial objective response

17/40 (44%) 3/9 (33%) 0·997 1·00 (0·28–3·57)

Kaplan-Meier median, months 11·1 (7·4–NE) NR (1·9–NE) ·· ··

Data are n (%), median (95% CI), n (% [95% CI]), or n/N (%). NR=not reached. NE=not estimable.

Table 2: Efficacy analysis on the basis of investigator and independent review committee assessment
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244 patients in the tucidinostat group and 89 (74%) of 
121 patients in the placebo group. Dose reductions 
because of adverse events occurred in 81 (33%) patients 
in the tucidinostat group and three (2%) in the placebo 
group, 45 (18%) and two (2%), respectively, because of 
haematological adverse events. 19 (8%) patients in the 
tucidinostat group and none in the placebo group 
discontinued treatment because of adverse events. 
Adverse events that led to treatment discontinuations 
from any cause in the tucidinostat group are presented in 
the appendix (p 29).

Discussion
In the prospective, multicentre, phase 3 ACE trial, 
tucidinostat plus exemestane was associated with im
proved progression-free survival compared with placebo 
plus exemestane in a population of patients with 
hormone receptor-positive metastatic breast cancer who 
had been exposed to previous endocrine therapy. 

Investigator-assessed improvements in progression-free 
survival benefit were confirmed with blinded central 
imaging assessment. Our findings are consistent with 
our previously reported results from an exploratory trial 
in patients with hormone receptor-positive advanced 
disease treated with tucidinostat and exemestane,12 in 
which median progression-free survival was 7·6 months 
(IQR 3·2–11·3) and four (20%) of 20 participants had an 
objective response.

Primary and acquired resistance to endocrine therapies 
is a major challenge in the treatment of hormone 
receptor-positive breast cancer. To overcome this 
challenge, combination of targeted drugs with endocrine 
therapies has emerged as an important strategy in 
patients with advanced hormone receptor-positive 
breast cancer in the past 7 years, including inhibitors 
of PI3 kinase–mTOR (everolimus),14 and inhibitors of 
CDK4 and CDK6 (palbociclib,15 abemaciclib,16 and 
ribociclib17). However, much remains unknown, such as 

Figure 3: Analysis of progression-free survival by subgroup
The size of the effect squares is proportional to the population of the subgroup. ECOG=Eastern Cooperative Oncology Group. NE=not estimable.
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the mechanisms of resistance, the patients most likely to 
respond, and when best to integrate these therapies into 
treatment plans. Furthermore, in China, palbociclib is 
the only CDK4 and CDK6 inhibitor available (approved 
in July, 2018), and there is a huge unmet need for novel 
effective therapies in the vast patient population with 
primary and acquired resistance to endocrine treatment. 
Thus, further investigation of new agents with different 
mechanisms of action is still very much needed.

Evidence suggests that altered epigenetic modifications 
could contribute to development of drug resistance and 
relapse of different types of cancer, including breast 
cancers. For instance, mutations of epigenetic modul
ating genes are frequently noted in recurrent breast 
cancer lesions, and phenotypic or functional changes 
driven by epigenetic mechanisms, particularly the status 
of histone modifications and chromatin accessibility, 

contribute to progression and resistance to endocrine 
treatment in oestrogen receptor-positive breast cancer 
cell lines18,19 and patients.20,21 A randomised phase 2 trial22 
showed that the addition of entinostat, a benzamide class 
of HDAC subtype-selective inhibitor, to exemestane did 
not improve progression-free survival, but significantly 
improved overall survival compared with placebo in 
patients with hormone receptor-positive metastatic 
breast cancer that had relapsed or progressed after 
previous endocrine therapy. Our results lend support to 
evidence that aberrant epigenetic mechanisms can lead 
to disease progression and resistance to endocrine 
treatment in breast cancers. Selective targeting of specific 
HDAC subtypes could thus be a feasible therapeutic 
strategy across diverse epigenetic mechanisms of 
acquired resistance to endocrine therapy in advanced 
breast cancer. Either the steroidal aromatase inhibitor 

Tucidinostat group (n=244) Placebo group (n=121)

Grade 1–2 Grade 3 Grade 4 Grade 5 Grade 1–2 Grade 3 Grade 4 Grade 5

Any* 55 (23%) 143 (59%) 38 (16%) 3 (1%)† 88 (73%) 15 (12%) 5 (4%) 0

Neutropenia 75 (31%) 102 (42%) 22 (9%) 0 28 (23%) 1 (1%) 2 (2%) 0

Leucopenia 148 (61%) 45 (18%) 1 (<1%) 0 28 (23%) 1 (1%) 2 (2%) 0

Thrombocytopenia 116 (48%) 61 (25%) 6 (2%) 0 13 (11%) 1 (1%) 2 (2%) 0

Anaemia 69 (28%) 9 (4%) 0 0 20 (17%) 2 (2%) 0 0

Hyperglycaemia 55 (23%) 5 (2%) 0 0 17 (14%) 0 0 0

Increased aspartate 
aminotransferase

50 (20%) 0 0 0 20 (17%) 4 (3%) 0 0

Hypertriglyceridaemia 45 (18%) 10 (4%) 2 (1%) 0 15 (12%) 0 0 0

Increased alanine 
aminotransferase

49 (20%) 0 0 0 18 (15%) 2 (2%) 0 0

Nausea 60 (25%) 1 (<1%) 0 0 7 (6%) 0 0 0

Hypokalaemia 47 (19%) 14 (6%) 1 (<1%) 0 2 (2%) 1 (1%) 0 0

Diarrhoea 49 (20%) 4 (2%) 0 0 9 (7%) 0 0 0

Hypocalcaemia 56 (23%) 2 (1%) 0 0 3 (2%) 0 0 0

Increased γ-glutamyl 
transferase

32 (13%) 11 (5%) 0 0 11 (9%) 1 (1%) 2 (2%) 0

Anorexia 42 (17%) 3 (1%) 0 0 11 (9%) 0 0 0

Urinary tract infection 46 (19%) 1 (<1%) 0 0 5 (4%) 0 0 0

Cough 33 (14%) 2 (1%) 0 0 15 (12%) 0 0 0

Fatigue 34 (14%) 1 (<1%) 0 0 13 (11%) 0 0 0

Hypoalbuminaemia 33 (14%) 0 0 0 5 (4%) 0 0 0

Vomiting 34 (14%) 1 (<1%) 0 0 3 (2%) 0 0 0

Upper respiratory tract 
infection

26 (11%) 1 (<1%) 0 0 7 (6%) 1 (1%) 0 0

Weight loss 27 (11%) 2 (1%) 0 0 5 (4%) 0 0 0

Fever 25 (10%) 0 0 0 7 (6%) 0 0 0

Increase blood creatine 
phosphokinase

20 (8%) 4 (2%) 1 (<1%) 0 2 (2%) 0 0 0

Hypophosphataemia 10 (4%) 4 (2%) 1 (<1%) 0 0 0 0 0

Data are n (%). Grade 1–2 adverse events that occurred in at least 10% of patients in either study group, and all grade 3, 4, and 5 adverse events that occurred in at least 2% of 
patients in either study group are listed. For any listed adverse event, each patient was counted according to the worst severity grade. All adverse events were coded 
according to the Medical Dictionary for Regulatory Activities. A list of all adverse events that occurred is in the appendix (pp 5–16). *Each patient was counted only once 
according to the worst severity grade of all the adverse events during the study. †Deaths were due to dyspnoea, interstitial pneumonia, and sudden death (possibly due to 
pulmonary embolism); these events were judged by investigators to be related not to study drug but rather to disease progression.

Table 3: Adverse events from any cause
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exemestane or the selective oestrogen receptor degrader 
fulvestrant could be given as single-agent endocrine 
therapy after treatment failure with non-steroidal 
aromatase inhibitors.23,24 Although data do not strongly 
support exemestane monotherapy as the most active 
option in patients pretreated with non-steroidal 
aromatase inhibitors, the results from our study suggest 
that a tucidinostat plus exemestane regimen improves 
progression-free survival in this patient population.

We used a 2:1 allocation ratio in this trial so that the 
safety of tucidinostat could be assessed in more patients. 
Haematological adverse events were the most commonly 
reported adverse events in the tucidinostat plus 
exemestane group, consistent with the reported safety 
profile of tucidinostat and other HDAC inhibitors.7,22,25,26 
Although the incidence of neutropenia of any grade in 
the tucidinostat plus exemestane group in our study was 
higher than that previously reported for tucidinostat 
monotherapy, no cases of febrile neutropenia were 
reported. Other haematological adverse events were 
mostly asymptomatic and manageable. In terms of non-
haematological adverse events, a higher incidence of 
gastrointestinal adverse events (which are commonly 
observed with HDAC inhibitors), electrolyte disturbances 
(such as hypokalaemia and hypocalcaemia) and glucose 
and fat metabolism alterations (such as hyperglycaemia 
and hypertriglyceridaemia) was noted in the tucidinostat 
group compared with the placebo group. Electrolyte 
disturbances have previously been reported with other 
HDAC inhibitors,25 which might be related to the 
gastrointestinal toxic effects associated with the drug 
class. HDAC inhibitors interact with the transcription 
complex of metabolism regulation,27 but whether or not 
this mechanism contributed to the high incidence of 
metabolic adverse events noted in the tucidinostat group 
has yet to be established. Most non-haematological 
adverse events in our study were mild and tolerable. 
8% of patients in the tucidinostat group discontinued 
treatment because of adverse events compared with none 
in the placebo group. The longer duration of treatment in 
the tucidinostat group could have contributed to this 
discrepancy in the frequency of adverse event-related 
discontinuation between groups.

The incidences of symptomatic adverse events in some 
categories, such as gastrointestinal symptoms, fatigue, 
and headache, in the placebo plus exemestane group in 
our study was lower than those in trials with similar 
study populations given exemestane plus placebo, 
including BOLERO-2,14,28 EFFECT,23 and SoFEA.24 
Although to precisely interpret the reasons for these 
differences would be difficult, we have identified several 
issues that could have had a role. Post-hoc analysis of 
BOLERO-2 showed that symptomatic adverse events 
were reported less frequently in Asian patients than in 
non-Asian groups.29 Second, patients in our trial were 
younger (median age 55 years) than those in the other 
three trials (median age 61 years in BOLERO-2, 63 years 

in EFFECT, and 66 years in SoFEA). Third, the median 
follow-up duration in our trial (13·9 months) was shorter 
than that reported for BOLERO-2 (17·7 months). All 
these factors could have contributed to the different 
adverse event profiles noted in our study.

Our study had some limitations. The study was done in 
a single racial group, which could limit the generalisability 
of our results. For instance, the postmenopausal patients 
enrolled in this study were considerably younger than 
those enrolled in many trials done in western countries, 
consistent with the fact that the mean age at diagnosis of 
breast cancer in China (45–55 years)30 is lower than that 
in western countries. Quality of life was not assessed in 
this study, which could have resulted in symptomatic 
adverse events being under-reported in the study. The 
sample size and event number meant that the power for 
analysis of progression-free survival by subgroup was 
insufficient. Overall survival data for the study are still 
unavailable, pending further follow-up.

In conclusion, to our knowledge, our study is the 
first phase 3 trial to show that epigenetic modulation 
plus endocrine blockade is a feasible and adequately 
tolerated strategy in patients with advanced, hormone 
receptor-positive, HER2-negative breast cancer that has 
progressed after previous endocrine therapy. Tucidinostat 
plus exemestane could be a new treatment option in this 
patient population.
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