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ABSTRACT
Purpose: DNA demethylating agents have shown clinical effectiveness in hematological and solid tumors.
This trial tested the safety, efficacy, and treatment outcomes of decitabine-based chemotherapy or
combined with immunotherapy in recurrent ovarian cancer patients.
Patients and methods: Fifty-five patients with recurrent ovarian cancer were enrolled and 52 were
assessable for clinical response and survival. Patients either received 5-d decitabine treatment, followed by
reduced-dose of paclitaxel/carboplatin administration (DTC cohort), or the aforementioned regimen
combined with cytokine-induced killer cells therapy (DTCCCIK cohort). The primary end point was clinical
response rate and progression-free survival (PFS). Secondary evaluation included safety assessment and
overall survival (OS).
Results: Disease control rate (DCR) and objective response rate (ORR) were 73.91% and 23.91% in disease
measurable patients by RECIST criteria, totally 76.92% and 30.77%, including disease non-measurable
patients, which were higher in platinum-resistant/refractory patients. Clinical benefits could be associated
with the number of DAC treatment cycles and the inclusion of CIK immunotherapy. In DTCCCIK cohort,
DCR and ORR reached 100% and 58.30%, respectively. Notably, DTCCCIK treatment in platinum-resistant/
refractory patients had an ORR of 87.50%. Consistently, PFS was longer in platinum-resistant/refractory
patients comparing with that of platinum-sensitive patients. PFS and OS were 8 and 19 mo in platinum-
resistant/refractory patients with DTCCCIK therapy. The most common toxicities were nausea, anorexia,
fatigue, neutropenia, and anemia; many of which were grade 1–2.
Conclusion: Low-dose DAC/paclitaxel/carboplatin regimen demonstrates disease benefit, especially in
patients with platinum-resistant/refractory ovarian cancer, and might show remarkable clinical response
when combined with adoptive immunotherapy in platinum-resistant/refractory ovarian cancer patients.
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Introduction

Ovarian cancer is the most lethal gynecologic malignancy, with
over 50% ovarian cancer patients being diagnosed at an
advanced stage. The current standard treatment of advanced
ovarian cancer is both surgical cytoreduction and chemother-
apy with a two-drug combination of paclitaxel (175 mg/m2)
and carboplatin (area under the curve 5–6). Initially, most
patients are responsive to first-line platinum-based therapy
with a complete remission rate of about 70%. However, many
patients will ultimately experience disease progression and
resistance to the first-line regimen. Patients who have a relapse
of more than 6 mo after the last platinum-based therapy were
traditionally termed as having “platinum-sensitive disease,“1,2

with ORR of 30% or more to second-line platinum.3,4 On the
other hand, patients recurring within 6 mo of last platinum-
based therapy were called “platinum-resistant” or having
“refractory disease.”1,2 For these latter patients, distinct

strategies devoid of platinum have been suggested, such as
maintenance therapy, new drug combinations, molecular tar-
geted therapy, and immunotherapies.5 Clinical trials using vari-
ous agents, such as pegylated liposomal doxorubicin (PLD),
topotecan, paclitaxel, or gemicitabine, have been performed
with ORR ranging between 10% and 20%, and the median PFS
being about 3.7–4.0 mo.6-8 Although new drugs have shown
some advantages in selected cases, the OS in platinum-resis-
tant/refractory patients has not improved. Therefore, explora-
tion of novel drugs or treatment strategies for patients with
recurrent platinum-resistant/refractory ovarian cancer is
urgently needed.

Reversal of drug-resistance, especially to platinum drugs, is a
central issue in ovarian cancer therapy. Aberrant DNA hyperme-
thylation contributes to the development and progression of ovar-
ian cancer, and increasingly, preclinical and clinical studies have
shown that non-toxic low-dose DNA methyltransferase (DNMT)
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inhibitors can increase the expression of hypermethylation-silenced
tumor suppressor genes and thus enhance the sensitivity of ovarian
cancer cells to chemotherapeutic drugs.9-11 Matei, et al. reported
that in 17 platinum-resistant ovarian cancer patients, low-dose
DNA demethylating agent, decitabine (DAC), in combination with
carboplatin induced an ORR of 35%, with PFS and OS being 10.2
and 13.8 mo, respectively.9 Although this degree of clinical activity
with DAC and carboplatin combinatory regimens is encouraging,
the ORR and OS are still limited, and exploring superior DAC-
based strategies in a larger patient cohort with platinum-resistant/
refractory ovarian cancers is warranted.

We hypothesized that since accumulating evidence sug-
gests that ovarian cancer is immunogenic, that epigenetic
therapy may be synergistic with immunotherapy and that
the presence of tumor-infiltrating T cells correlates with
favorable clinical outcome in advanced ovarian carci-
noma,12-14 the combination of epigenetic therapy and adop-
tive immunotherapy would show improved clinical activity.
Cancer adoptive immunotherapy, such as the use of cyto-
kine-induced killer cells (CIKs), has shown objective clinical
responses in many solid tumors, including renal cell cancer,
non-small-cell lung cancer, and hepatocellular cancer.15-17

Although potential efficacy of CIK cells as maintenance
therapy and significant antitumor capacity of CIK cells
against ovarian cancer in vitro, the clinical effect of CIK
monotherapy in ovarian cancer patients has not translated
satisfactorily to the bedside.18,19

Here, in this phase II clinical trial, based on the results of our
phase I study, which tested the safety of low-dose decitabine
monotherapy or combined therapy in solid tumor patients, we
tested the clinical efficacy of three-drug combination of DAC,
paclitaxel and carboplatin (DTC) regimen in a large population
with ovarian cancer. Our aim was to determine the optimal
DAC-based treatment strategy in ovarian cancer with an
emphasis on patients with recurrent platinum-resistant/refrac-
tory ovarian cancer.

Methods

Patient population

Patients were enrolled from April 12, 2012 to April 12, 2016.
Women were eligible if they had a histologically or cytologically
confirmed epithelial ovarian or fallopian tube cancer, which
had either (1) progressed while receiving or within 4 weeks of
receiving at least four cycles of platinum-based chemotherapy
(defined as platinum-refractory), (2) recurred during 1–6 mo
after completion of the aforementioned platinum therapy
(defined as platinum-resistant recurrence), (3) recurred more
than 6 mo after completion of the platinum-based therapy
(defined as platinum-sensitive recurrence).2 Women also had
to be over 18 y old; have an Eastern Cooperative Oncology
Group (ECOG) performance status of 0–2; and have adequate
renal, hepatic, and hematologic functions. For patients with
non-measurable disease, either clinically or radiographically,
the cancer antigen (CA-125) levels had to be more than twice
the upper limit of normal within 2 weeks of starting the trial.
Women were excluded if they were pregnant or lactating; had
an ECOG performance status >3; had uncontrolled infectious
disease; had other serious diseases, such as HIV, active

hepatitis, systemic autoimmune disease, or immunodeficiency
disease; or had received prior treatment with immunosuppres-
sion agents. All patients provided written informed consent
and the protocol was approved by the institutional review
board of PLA General Hospital (2012–062).

Generation of CIK cells

CIK cells were prepared from PBMCs, which were isolated by
standard Ficoll separation with CIK medium (Takara, Japan)
supplemented with 0.6% autogeneic serum. The generation of
CIK cells was primed by adding 1,000 U/mL recombinant
human IFNg, 1,000 U/mL recombinant human IL-2 (rhIL-2),
and 5 mg/mL anti-CD3 antibody on day 0. Every 3 d, fresh CIK
medium and 1,000 U/mL rhIL-2 were added. After 14-d cul-
ture, approximately 1 £ 109 CIK cells were harvested, with a
survival rate of >95%. The phenotype of CIK cells was detected
by Fluorescence-activated cell sorting (FACS) analysis by using
antibodies against CD3/4/8/56. The phenotype of PBMCs was
analyzed as a control.

Study design and treatment

This was a single institutional, open-labeled, phase II
study at Chinese PLA general hospital in Beijing (www.
clinicaltrials.gov: NCT01799083). This study was conducted in
accordance with the principles of good clinical practice,
approved by the institutional review board as well as the appro-
priate regulatory agencies. Considering the funding capacity,
55 patients were randomly assigned 3:1 to receive either DTC
or DTCCCIK treatment. A blocked random assignment
approach was used to assign patients to each treatment groups
in a 3:1 ratio. Patients were stratified according to platinum
sensitivity.

DAC was given 7 mg/m2/d over five consecutive days.
A reduced-dose of paclitaxel (135 mg/m2)/carboplatin
(AUC D 5) was given on day 6 for a 28-d cycle. For the
DTCCCIK cohort, patients were given 5-d of DAC and
paclitaxel/carboplatin chemotherapy, followed by CIK cells
at 1.0–5.0 £ 109/L for 2 d on day 14 and 15 in a 28-d
cycle. Treatment lasted at least two cycles or continued
until disease progression or until intolerable toxicity was
reached. All patients underwent a complete medical inter-
view and a physical examination that included a blood
profile as well as a CT scan or MRI of the lesions. All
patients were restaged by CT scan or MRI every two
cycles. For patients with grade 4 hematological or other
non-hematological adverse events related to decitabine or
chemotherapy, treatment was suspended for 2 weeks to
resolve the event until it subsided to below grade 1 or
returned to baseline levels. If more than 2 weeks was
required for an adverse effect to resolve, the patient was
removed from the study. For each cycle, therapy was con-
tinued until PD or unacceptable toxicity occurred, or other
illness prevented further treatment. In addition, treatment
was suspended if patients exhibited white blood cell counts
fewer than 3.0 £ 109/L or platelet counts fewer than
100 £ 109/L.
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Outcomes/efficacy and safety assessment

Safety data were evaluated on day 0 (the day before treat-
ment on day 1) of each cycle and graded according to the
Common Terminology Criteria for Adverse Events (CTAEs)
(version 3.0). Tumor burden was evaluated radiographically
by CT scan or MRI at baseline and every 8 weeks during
treatment. Serum CA-125 was detected at day 0 of each
cycle. For patients with measurable disease, efficacy was
assessed using the Response Evaluation Criteria in Solid
Tumors assessment (RECIST, v1.1). For non-measurable
disease, efficacy was evaluated using the Gynecologic Cancer
Intergroup (GCIG) criteria defined as a 50% reduction in
CA-125 levels response to treatment maintained for at least
28 d.20,21 A quarterly follow-up evaluated survival until the
patient either died or withdrew from the trial. Platinum-
free interval (PFI) referred to the interval from the last date
of platinum-based therapy until disease progression.22

Translational Research

Peripheral blood mononuclear cells (PBMCs) were harvested
at baseline (day 0) and day 8 of first cycle by Ficoll-Hypaque
density-gradient centrifugation, and viably cryopreserved in
liquid nitrogen for the subsequent assays. DNA was extracted
using QIAmp DNA Blood Mini Kits (Qiagen, USA). Global
methylation was analyzed using Global DNA Methylation
LINE-1 kit (Active Motif, USA) according to the manufac-
turer’s instructions.23

Statistical analysis

The objective response rate (ORR) was defined as the ratio of
patients with a complete response (CR) or a partial response
(PR), by either RECIST (for measurable disease) or GCIG crite-
ria (for non-measurable disease). The disease control rate
(DCR) was defined as the ratio of patients with a CR, PR, or
stable disease (SD). All efficacy and safety analyses were con-
ducted on an intent to-treat basis. The median time of progres-
sion-free survival (PFS) and overall survival (OS) were
calculated from the date of first decitabine treatment and
assessed using the Kaplan–Meier method and log-rank test. For
PFS, patients who were alive without progressive disease (PD)
were censored at the start of subsequent antitumor therapy. For
OS, patients who were alive through the November 12, 2016
data cut-off were censored at the time of last contact. Hazard
ratios (HRs) with 95% CI were estimated using a Cox regres-
sion model.

Results

Enrollment and demographics

Between April 12, 2012, and April 12, 2016, 55 patients with
recurrent ovarian cancer were recruited, 3:1 randomly assigned,
and given the decitabine-based therapy, among which 52
patients were assessable for primary and long-term analysis.
These ovarian cancer patients included 31 with high-grade
serous, 8 with low-grade serous, 8 with endometrioid, 2 with
clear cell, 1 with mucinous and 1 with mixed epithelial ovarian

cancer, as well as 1 with fallopian tube cancer. Demographics
and baseline characteristics are shown in Table 1 and Table S1.
The median age was 53 y with 19.23% of patients’ age �65 y
and 88.46% of patients had measurable disease. The median PFI
was 6 mo, and 51.92% of patients with platinum-resistant/refrac-
tory ovarian cancer (20 platinum-resistant and 7 platinum-
refractory).

Efficacy

Patient disposition is shown in trial profile (Fig. 1). Totally, 55
patients were enrolled in this study, with three patients
excluded because of cerebral infarction (n D 1) or intestinal
obstruction (n D 2).

The waterfall plot of RECIST-defined tumor responses indi-
cated that 11 patients had PR, 23 patients had SD, and 12
patients experienced PD (Fig. 2A). In patient UPN23, for exam-
ple, a 56-y old woman with recurrent platinum-resistant
high-grade serous ovarian cancer, the tumor lesions were dra-
matically reduced after six cycles of DTC C CIK treatment as

Table 1. Baseline characteristics, by treatment.

DTC (n D 40)
DTC § CIK
(n D 12) Total (n D 52)

Characteristics No. % No. % No. %

Ages (y)
Median (range) 51 (32–75) 56 (36–73) 53 (32–75)
� 50 y 23 57.50 11 91.67 34 65.38
� 65 y 7 17.50 3 25.00 10 19.23

ECOG performance status
0 18 45.00 7 58.33 25 48.08
1 13 32.50 3 25.00 16 30.77
2 8 20.00 2 16.67 10 15.38
3 1 2.50 0 0 1 1.92

FIGO stage
II–IIIB 2 5.00 2 16.67 4 7.69
III (not further classified) 2 5.00 0 0 2 3.85
IIIC 35 87.50 10 83.33 45 86.54
IV 1 2.50 0 0 1 1.92
Measurable disease 36 90.00 10 83.33 46 88.46
Non-measurable disease 4 10.00 2 16.67 6 11.54

Histology
Serous 28 70.00 11 91.67 39 75.00
High-grade serous 20 71.43 11 100 31 79.49
Low-grade serous 8 28.57 0 0 8 20.51
Endometrioid 7 17.50 1 8.33 8 15.38
Clear-cell 2 5.00 0 0 2 3.85
Other 3 7.50 0 0 3 5.77

Grade
1 6 15.00 0 0 6 11.54
2 20 50.00 4 33.33 24 46.15
3 14 35.00 8 66.67 22 42.31

Outcome of debulking
surgery

No debulking surgery 2 5.00 1 8.33 3 5.77
Optimal microscopic (0 cm) 2 5.00 1 8.33 3 5.77
Optimal macroscopic (0–1cm) 30 75.00 9 75.00 39 75.00
Optimal unknown 1 2.50 0 0 1 1.92
Suboptimal (>1 cm) 5 12.50 1 8.33 6 11.54
Numbers of prior systemic

therapies (median, range)
12 (1–30) 9.5 (1–27) 10 (1–30)

Recurrent platinum-resistant/
refractory disease

19 47.50 8 66.67 27 51.92

Recurrent platinum-sensitive
disease

21 52.50 4 33.33 25 48.08

DTC, decitabineCpaclitaxelCcarboplatin; ECOG, Eastern Cooperative Oncology
Group; FIGO, International Federation of Gynecology and Obstetrics.
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analyzed by PET-CT scanning. This patient completed a 19-
cycle trial and continued to experience a PR for 25 mo with
CA-125 level decreasing to normal range after five cycles
(Fig. 2B, 2C and Fig. S1A). Another representative patient
UPN33 was a 52-y-old woman with recurrent high-grade

serous ovarian cancer. After four courses of DTC C CIK treat-
ment, these lesions were largely reduced and her CA-125 levels
decreased to normal range, achieving a PR at 8 mo after initia-
tion of treatment (Fig. 2D and 2E). For patient UPN20, a 73-y-
old woman who had recurrent high-grade serous ovarian

Figure 1. Trial profile DAC, 7 mg/m2/day for 5 d; T, paclitaxel 135 mg/m2; C, carboplatin AUCD 5.

Figure 2. (A) Maximum change by RECIST (version 1.1) in ovarian cancer patients from baseline. Changes in target lesions from baseline in 46 patients with measurable
disease who received DTC or DTCCCIK treatment. Each bar represents an individual patient in the clinical trial. The two horizontal dashed lines mark the thresholds for
objective response (lower line, ¡30%) and PD (higher line, 20%), according to RECIST (version 1.1). (B) Partial response of platinum-resistant/refractory and recurrent
high-grade serous ovarian cancer in a 56-y-old patient (UPN23), who received DTCCCIK treatment of 19 cycles. This patient had previously undergone primary surgery,
and progressive disease had developed after treatment with systemic chemotherapies (i.e., cisplatin and docetaxel). The pelvic mesenteric lymph node metastases were
observed on a baseline PET-CT image (left), these lesions were reduced at 6 mo (middle) and maintained for 19 mo (right) after the start of this treatment. The red circles
show regression of recurrent lymph node metastases. (C) Tumor marker CA-125 decreased to normal range after five course of DAC-based therapy in patient UPN23. C0,
baseline; C2, day 28 in cycle 2. The horizontal dashed line represents the cut-off level for CA-125 (35 U/mL). (D) Partial response of platinum-resistant and recurrent high-
grade serous ovarian cancer in a 52-year-old patient (UPN33), who received DACCTCCCIK treatment of five cycles, and PR maintained for 8 mo until disease progressed.
The tumor lesions reduced after four cycles of treatment (right) as compared with the baseline (left) as analyzed by the MRI examination. (E) In UPN33, CA-125 level
decreased to normal range after two cycles. C0, baseline; C1, day 28 in cycle 1. The horizontal dashed line represents the cut-off level for CA-125 (35 U/mL).
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cancer characterized merely by an incremental rise in her CA-
125 levels (no tumor lesions observed on imaging), experienced
a CR. After three cycles of DACCTCCCIK treatment, her CA-
125 levels decreased to the normal range (Fig. S1B).

In the 46 patients with measurable disease, 11 patients achieved
a confirmed PR per RECIST (v1.1), with 18.92% (7 of 37) in the
DTC cohort and 44.4% (4 of 9) in the DTCCCIK cohort. The
DCR and ORR for disease measurable ovarian cancer patients
were 23.91% and 73.91%, respectively. For the 6 patients with
non-measurable disease, 2 CR, 3 PR and 1 SD were confirmed per
GCIG criteria (1 CR and 1 PR in DTC cohort, 1 CR and 2 PR in
DTCCCIK cohort). Overall, DCR was 76.92% and ORR was
30.77% (Table 2). Notably, the DCR and ORR reached 100% and
58.3%, respectively, in the DTCCCIK cohort.

Furthermore, we evaluated the correlation between clinical
responses and patients’ characteristics. There was an associa-
tion toward having more objective clinical responses if given
CIK treatment (p D 0.018), or not heavily pretreated
(p D 0.016), or with non-measurable disease (p D 0.003)
(Table S2). Additionally, in clinical benefit patients (n D 39),
increased cycles (>4) of DAC-based therapy could be associ-
ated with improved therapeutic effects (p D 0.029).

Progression free and overall survival rates

For all the 52 patients evaluated, the median PFS and OS
time were 4 and 14 mo, respectively. Notably, PFS in
patients with platinum-resistant/refractory ovarian cancer
(6 mo, 95% CI, 5.03–6.97 mo) was significant longer than

that with platinum-sensitive cancer (3 mo, 95%, 3.38–
4.62 mo; HR, 0.52; 95% CI, 0.29–0.94; p D 0.030), while the
OS was not statistically significant (Table 3, Fig. 3A and
3B). Additionally, in patients with platinum-resistant/refrac-
tory ovarian cancer, a prominent longer PFS with
DTCCCIK treatment comparing with DTC treatment was
observed (8 vs. 4 mo; HR, 0.38; 95% CI, 0.15–0.97; p D
0.043). No statistically significant difference was observed in
OS (19 vs. 12 mo; p D 0.14; Table 3, Fig. 3C and 3D). For
patients with measurable disease, the median PFS and OS
time were 4 and 14 mo, respectively. Although no signifi-
cant differences of PFS and OS were detected between plati-
num-resistant/refractory and platinum-sensitive ovarian
cancer patients, the PFS was dramatically longer in plati-
num-resistant/refractory ovarian cancer patients with
DTCCCIK treatment than with DTC treatment (8 vs. 4 mo;
HR, 0.24; 95% CI, 0.067–0.87; p D 0.03; Fig. S3A, S3B, 3E
and Table 3). No statistically significant difference was
observed in OS (19 vs. 10 mo; p D 0.13; Table 3 and
Fig. 3F).

In this trial, the median number of prior treatments was 10
(1–30). There were statistically significant differences in PFS
but not OS between heavily pretreatment patients (number of
prior treatment �10) and those with fewer treatments (<10)
(HR, 2.18; 95% CI, 1.19–4.00; p D 0.011; Table S3), as well as
platinum-resistant/refractory (PFI�6) and platinum-sensitive
(PFI>6) patients (HR, 0.52; 95% CI, 0.29–0.94; p D 0.03;
Table S3 and S4). The detailed prior treatment regimens were

Table 2. Clinical responses.

DTC DTC § CIK Total

Response No. % No. % No. %

Total (n D 52) 40 12 52
Confirmed DCR 28 70.00 12 100 40 76.92
ORR 9 22.50 7 58.30 16 30.77
CR 1 2.50 1 8.30 2 3.85
PR 8 20.00 6 50.00 14 26.92
SD 19 47.50 5 41.67 24 46.15
PD 12 30.00 0 0 12 23.08
RECIST criteria (n D 46) 37 9 46
Confirmed DCR 25 67.57 9 100 34 73.91
ORR 7 18.92 4 44.4 11 23.91
CR 0 0 0 0 0 0
PR 7 18.92 4 44.4 11 23.91
SD 18 48.65 5 55.6 23 50.00
PD 12 32.43 0 0 12 26.09
CA-125 criteria (n D 6) 3 3 6
CR 1 33.33 1 33.33 2 33.33
PR 1 33.33 2 66.67 3 50
SD 1 33.33 0 0 1 16.67
PD 0 0 0 0 0 0
PFI confirmed ORR (totally n D 52)
�6 m (resistant/refractory) 4 of 19 21.05 7 of 8 87.50 11 of 27 40.74
>6 m (sensitive) 5 of 21 23.80 0 of 4 0 5 of 25 20.0
PFI confirmed DCR (totally n D 52)
�6 m (resistant/refractory) 15 of 19 78.95 8 of 8 100 23 of 27 85.19
>6 m (sensitive) 13 of 21 61.90 4 of 4 100 17 of 25 68.0
PFI confirmed ORR (Measurable disease n D 46)
�6 m (resistant/refractory) 3 of 17 17.65 4 of 5 80.0 7 of 22 31.82
>6 m (sensitive) 4 of 20 20.00 0 of 4 0 4 of 24 16.67
PFI confirmed DCR (Measurable disease n D 46)
�6 m (resistant/refractory) 13 of 17 76.47 5 of 5 100 18 of 22 81.82
>6 m (sensitive) 12 of 20 60.00 4 of 4 100 16 of 24 66.67

m, month; PFI, platinum-free interval.

Table 3. PFS and OS.

Survival DTC DTC C CIK Total

Total patients (No.) 40 12 52
PFS, months Median 4 6 4

95% CI 3.37–4.63 2.61–9.40 3.33–4.67
OS, months Median 13 16 14

95% CI 8.78–17.22 10.34–21.66 11.53–16.47
Patients with measurable disease

(No.)
37 9 46

PFS, months Median 4 5 4
95% CI 3.43–4.57 2.08–7.92 3.39–4.61

OS, months Median 12 16 14
95% CI 8.40–15.60 13.08–18.92 10.04–17.96

Total platinum-resistant/refractory
patients (No.)

19 8 27

PFS, months Median 4 8 6
95% CI 2.64–5.36 5.23–10.77 5.03–6.97

OS, months Median 12 19 15
95% CI 8.21–15.79 13.46–24.54 10.35–19.65

Total platinum-sensitive patients (No.) 21 4 25
PFS, months Median 3 2 3

95% CI 1.80–4.20 – 3.38–4.62
OS, months Median 14 8 14

95% CI 8.86–19.14 0–20.74 8.25–19.75
Disease measurable platinum-

resistant/refractory (No.)
17 5 22

PFS, months Median 4 8 5
95% CI 3.25–4.75 4.78–11.22 3.52–6.50

OS, months Median 10 19 14
95% CI 6.26–13.74 12.56–25.44 9.79–18.22

Disease measurable platinum-
sensitive (No.)

20 4 24

PFS, months Median 3 2 3
95% CI 1.64–4.36 — 1.02–4.99

OS, months Median 14 8 14
95% CI 9.11–18.89 0–20.74 8.46–19.54

CI, confidence interval.
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listed in Table S5. However, these indexes could not indepen-
dently predict the survival. Still, in disease controlled patients
(n D 39), increased cycles of DAC treatment (>4) might be
associated with longer PFS and OS, suggesting that at least four
cycles of DAC-based therapy should be recommended in recur-
rent ovarian cancer (Fig. 3G and 3H).

Safety

The hematological and non-hematological adverse events to the
DAC-based therapy are listed in Table 4. The common toxic-
ities were nausea (26.9%), anorexia (23.1%), fatigue (19.2%),
and hematologic toxicity, which included neutropenia (30.8%),

Figure 3. Kaplan–Meier analysis of PFS and OS with different platinum sensitivity and treatments (A and B) Kaplan–Meier survival curves of progression-free survival (A) and
overall survival (B) for the platinum-resistant/refractory patients and platinum-sensitive patients, using the log-rank test to evaluate significance. (C and D) Kaplan–Meier
survival curves of progression-free survival (C) and overall survival (D) in platinum-resistant/refractory patients based on different treatments (DTC or DTCCCIK treatment),
using the log-rank test to evaluate significance. (E and F) Kaplan–Meier survival curves of progression-free survival (E) and overall survival (F) in disease measurable plati-
num-resistant/refractory patients based on different treatments (DTC or DTCCCIK treatment), using the log-rank test to evaluate significance. (G and H) Kaplan–Meier sur-
vival curves of progression-free survival (G) and overall survival (H) in disease controlled patients based on the number of cycles of DAC treatment, using the log-rank test
to evaluate significance. PFS, progression-free survival. OS, overall survival.
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anemia (21.2%), and thrombocytopenia (15.4%), without pneu-
monia or toxic deaths. The most common grade 3–4 adverse
effects were neutropenia (5.8%), anorexia (3.8%), anemia
(3.8%), and thrombocytopenia (3.8%).

Biological evaluation

To evaluate the biologic effects of the DAC-based therapy, its
DNA demethylating activity was assessed. Due to the tumor
specimens being unavailable, PBMCs were collected on days 0
(baseline) and day 8 of the first cycle, DNA extracted, and
methylation of LINE-1 analyzed. As shown in Fig. S2, DAC-
induced global DNA methylation inhibition was confirmed in
all 25 patients tested. However, the changes in LINE-1 methyla-
tion in responders were not significantly different from non-
responders, indicating that global DNA demethylation may not
be a putative predictive marker for DAC therapy.

Discussion

Our study reports on a novel regimen of a three-drug combina-
tion (low-dose DAC pretreatment and decreased-dose of car-
boplatin/paclitaxel), which is tolerable and shows remarkable
clinical activity in recurrent ovarian cancer, especially in plati-
num-resistant/refractory ovarian cancer with an ORR of
40.74% (31.82% for measurable disease). Furthermore, we
show that this DAC-based chemotherapy is enhanced when
combined with CIK, giving a statistically significantly increase
in clinical efficacy in recurrent platinum-resistant/refractory
ovarian cancer patients with an ORR of 87.5% (80% for mea-
surable disease).

It is now widely accepted in platinum-based clinical trials in
ovarian cancer that the PFI after first-line platinum-based ther-
apy acts as a crucial prognostic indicator of survival and a
marker of the subsequent therapy.2,8,9 Patients with recurrent
platinum-resistant/refractory ovarian cancer (PFI <6 mo) have
a reduced survival and, such a short PFI, suggests that a non-
platinum-based therapy, for example, PLD, topotecan, doce-
taxel, or gemcitabine may be warranted. However, the ORRs of
these drugs are generally only 20% in platinum-resistant ovar-
ian cancer.24-26 For example, the ORR for topotecan and pacli-
taxel in platinum-resistant ovarian cancer patients were 13.3%

vs. 6.7%, being 28.8% vs. 20.0% in platinum-sensitive patients.6

Previously, high dose of DNMT inhibitors AZA and DAC were
used and regarded as cytotoxic drugs, but the intolerable toxic-
ity limited the therapeutic application in solid tumors. Based
on its DNA demethylation capacity, a low-dose regimen of
DAC (100–135 mg/m2/cycle) was determined in hematological
malignancies and an even lower dose (50–90 mg/m2/cycle) was
suggested as the “optimal dose” for the treatment of solid
tumors.9,27,28 In this present study, we demonstrated that low-
dose DAC-based therapy was well tolerated and showed higher
DCR in patients with recurrent platinum-resistant/refractory
ovarian cancer as compared with patients with platinum-sensi-
tivity (ORR and DCR: 40.74% vs. 20% and 85.19% vs. 68%,
respectively).

In a trial by Matei et al. of 17 patients with refractory/
resistant ovarian cancer, it was demonstrated that low-dose
DAC could increase carboplatin sensitivity with a DCR of
70% by using the two-drug regimen (DACCcarboplatin).9

In our study, low-dose DAC combined with carboplatin/
paclitaxel treatment had a slightly higher DCR of 78.95% in
19 recurrent platinum-resistant/refractory ovarian cancer
patients, while the ORR in our trial was lower than that of
Matei et al. study (21.05% vs. 35%).9 Furthermore, we
found that the number of prior systemic therapy was nega-
tively correlated with later clinical effects, and the median
prior treatment number of platinum-resistant/refractory
ovarian cancer patients in our study was 10 (range 2–17),
which was much higher than that of the Matei et al. trial
(median, 5; range 1–10). Notably, in our heavily pretreated
platinum-resistant/refractory ovarian cancer patients, the
ORR was as high as 87.5% in DTC plus CIK cohort. More-
over, the PFS (8 mo) and OS (19 mo) observed were longer
when low-dose DAC-based chemotherapy was combined
with CIK immunotherapy. In addition, we detected that
patients treated with more than four cycles of DAC-based
therapy were likely to obtain more survival benefits com-
pared with those treated with fewer DAC therapy cycles
among the disease controlled patients.

Evidences have indicated that low-dose DAC treatment
can increase the expression of hypermethylation-silenced
tumor suppressor genes, thus promoting cell apoptosis,
inhibiting cell growth, and restoring the sensitivity of cyto-
toxic chemotherapeutic drugs, especially in chemoresistant
cancer cells. Therefore, we observed a significant clinical
improvement in platinum-resistant or refractory ovarian
cancer patients. However, based on our data, the platinum-
sensitive patients did not achieve remarkable clinical bene-
fits from DAC combination therapy, as compared with
other carboplatin-based treatments.29 Another group
reported that the addition of decitabine reduced but not
augmented the efficacy of carboplatin in platinum-sensitive
ovarian cancer.30 With the small cases in our trial, we could
not make the conclusion that decitabine showed negative
effects in patients with platinum-sensitive ovarian cancers,
yet these patients may be not suitable for this DAC-based
therapy, and we would further readjust the therapeutic
schedule in platinum-sensitive ovarian cancer patients.
Moreover, low-grade serous ovarian cancer is uncommon
and less sensitive to conventional chemotherapy than high-

Table 4. Adverse events.

All Grades Garde1/2 Garde3/4

Adverse events n % n % n %

Nausea 14 26.9 14 26.9 0 0
Vomiting 3 5.8 3 5.8 0 0
Constipation 8 15.4 7 13.5 1 1.9
Diarrhea 3 5.8 3 5.8 0 0
Anorexia 12 23.1 10 19.2 2 3.8
Allergic reaction 2 3.8 2 3.8 0 0
Neutropenia 16 30.8 13 25.0 3 5.8
Anemia 11 21.2 9 17.3 2 3.8
Thrombocytopenia 8 15.4 6 11.5 2 3.8
Abdominal distension 2 3.8 1 1.9 1 1.9
Fatigue 10 19.2 9 17.3 1 1.9
Dizziness 3 5.8 3 5.8 0 0
Fever 1 1.9 1 1.9 0 0
Febrile neutropenia 1 1.9 1 1.9 0 0
Mucositis, oral cavity 1 1.9 1 1.9 0 0
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grade ovarian cancers, and hormonal therapy might show a
benefit in patients with recurrent low-grade serous ovarian
carcinoma.31 In these low-grade epithelial ovarian cancer
patients, an overall response of 9% and SD rate of 62%
were assessed.32 In our study, the ORR and DCR were
12.5% (1/8) and 87.5% (7/8), respectively, while the small
number of patients may cause some deviation. The differen-
ces of clinical response toward DAC combination therapy
might approach between high-grade and low-grade serous
ovarian carcinoma but did not reach statistical significance
(p D 0.122, Table S2).

Low-dose DAC-based therapy may be a promising strat-
egy in patients with recurrent platinum-resistant/refractory
ovarian cancer, but due to the limited sample size, we
could not determine whether the three-drug combination
(DAC C paclitaxel C carboplatin) was superior to two-
drug combination (DAC C carboplatin). It is one impor-
tant limitation that in our clinical trials, we were unable to
adopt the 1:1 randomization approach; however, the addi-
tion of immunotherapy with low-dose DAC-based chemo-
therapy has shown significant clinical improvement in
recurrent platinum-resistant/refractory ovarian cancer
patients. Further assessment in a larger cohort is needed.
Nevertheless, regardless of the type of treatment adminis-
tered, drug-resistance might occur during repeated thera-
pies, contributing to tumor progression. The need for
predictive biomarkers became apparent since some patients
had durable clinical responses, but many other patients
eventually relapsed. In addition, some patients became re-
sensitized again to platinum while others remained resis-
tant to the repeated DAC-based therapy. Many important
clinical issues remain unsolved such as when to stop dos-
ing the responders who have a CR or PR, or is it even
appropriate to cease therapy in responders? What’s the
best maintenance therapy regimen? Are there putative bio-
markers for responses to low-dose DAC-based therapy?
Although the biologic mechanism underlying the antitumor
effect of DAC therapy is unclear, ovarian cancer is an
immunogenic tumor, and low-dose DAC has been shown
to induce the expression of tumor antigens, MHC-I mole-
cules and Th1 cytokines in tumor cells, and function as a
crucial modulator of the tumor microenvironment.33-35

In summary, we report the clinical outcomes of combining
DAC-based chemotherapy with adoptive immunotherapy, and
surprisingly found that this treatment strategy displayed out-
standing clinical outcomes in recurrent platinum-resistant/
refractory ovarian cancer patients. Although the detailed mech-
anism and with a larger cohort continue to be investigated, the
combination of epigenetic therapy with immunotherapy may
be a promising new weapon in our armamentarium against
recurrent ovarian cancer.
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