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The pressing need for improved therapeutic outcomes provides a good rationale for identifying effective strategies for alimentary

tract (AT) cancer treatment. The potential re-sensitivity property to chemo- and immunotherapy of low-dose decitabine has been evi-

dent both preclinically and in previous phase I trials. We conducted a phase Ib/II trial evaluating low-dose decitabine-primed chemo-

immunotherapy in patients with drug-resistant relapsed/refractory (R/R) esophageal, gastric or colorectal cancers. Forty-five patients

received either the 5-day decitabine treatment with subsequent readministration of the previously resistant chemotherapy (decita-

bine-primed chemotherapy, D-C cohort) or the aforementioned regimen followed by cytokine-induced killer cells therapy (D-C and

cytokine-induced killer [CIK] cell treatment, D-C 1 CIK cohort) based on their treatment history. Grade 3 to 4 adverse events

(AEs) were reported in 11 (24.4%) of 45 patients. All AEs were controllable, and no patient experienced a treatment-related

death. The objective response rate (ORR) and disease control rate (DCR) were 24.44% and 82.22%, respectively, including two

patients who achieved durable complete responses. Clinical response could be associated with treatment-free interval and ini-

tial surgical resection history. ORR and DCR reached 28% and 92%, respectively, in the D-C 1 CIK cohort. Consistently, the

progression-free survival (PFS) of the D-C 1 CIK cohort compared favorably to the best PFS of the pre-resistant unprimed ther-

apy (p 5 0.0001). The toxicity and ORRs exhibited were non-significantly different between cancer types and treatment cohort.

The safety and efficacy of decitabine-primed re-sensitization to chemoimmunotherapy is attractive and promising. These data

warrant further large-scale evaluation of drug-resistant R/R AT cancer patients with advanced stage disease.

Introduction
Alimentary tract (AT) cancer is one of the leading public
health problems worldwide,1 particularly in Asia, where its
increasing incidence and mortality has led to a major public

health burden.2,3 Various organ cancers are categorized under
AT malignancies, but the three most common are esophageal
cancer (EC), gastric cancer (GC) and colorectal cancer
(CRC), which also account for three of the top five most
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frequently diagnosed and lethal cancers in China.3 Chemo-
therapy is the main therapeutic option for AT cancer
patients, but the prognosis has not improved significantly in
recent years due to intrinsic or acquired drug resistance.4–7

Various mechanisms are involved in the inevitable devel-
opment of drug resistance and tumor progression.4,8 How-
ever, it is becoming increasingly clear that the impact of
epigenetics on both the tumor cell and the tumor microenvi-
ronment plays a critical role in the development of drug
resistance.9–11 Consistent with this hypothesis, previous labo-
ratory and clinical data suggest that an epigenetic strategy
may overcome chemotherapy resistance and mediate a return
to a baseline state of treatment susceptibility in various can-
cers.11–15 Epigenetic perturbations, particularly hypomethylat-
ing agents (HMA), re-sensitize cancer cells to chemotherapy
presumably by resetting the epigenetic infrastructure and
altering gene expression in the tumor.16–18 Decitabine (5-aza-
20-deoxycytidine) is the only HMA approved by the China
Food and Drug Administration. The concentration required
to reverse tumor-specific DNA methylation is much lower
than that needed to produce maximal cytotoxicity.18–20 The
apparent reversibility of resistance by epigenetic interference
has the potential to turn the arrow of time backwards, replac-
ing progression with regression, and thus provides a good
rational for the use of low-dose decitabine as an antidote to
the resistance to current standard chemotherapies and as a
blueprint to significantly extend patient survival.11,16,17

Furthermore, accumulative evidence has indicated that
epigenetic-based combination therapies are the wave of the
future.21 The presence of tumor-infiltrating T cells correlates
with a favorable clinical outcome for cancer,22,23 and adoptive
immunotherapy, such as cytokine-induced killer (CIK) cells,
has shown objective clinical responses in many solid
tumors.24,25 Furthermore, improved clinical activity was
observed in cancer patients treated with a combination of
epigenetic therapy and adoptive immunotherapy,12,26 and
HMA may play an immune stimulatory role in cancer ther-
apy by sensitizing patients to immune responses.21,27 Based
on the hypomethylating and immune remodeling effects of
decitabine,17,27 we hypothesized that the use of decitabine to
prime the cancers to restore sensitivity to cytotoxic drugs
and immunotherapy may be a valuable alternative avenue for
the clinical efficacy of drug-resistant relapsed/refractory (R/R)
AT cancers.

Because the safety and efficacy of low-dose decitabine as
either monotherapy or as a drug combination with current stan-
dard therapies in patients with various solid tumors has already
been shown,12,28 our phase Ib/II study (ClinicalTrials.gov identi-
fier: NCT01799083) was designed to develop a new regimen
based on the epigenetic reversion of drug resistance and immu-
notherapy. In our study, we report the safety, tolerability and
efficacy of a combined therapy of low-dose decitabine plus the
re-administration of previously ineffective, corresponding first-
line chemotherapy and CIK cell treatment to patients, diagnosed
within 6 months of their original first-line therapy, with
advanced stage, documented relapsed or refractory AT cancers.

Patients and Methods
Patients

Eligible patients were characterized by the following criteria:
relapsed or refractory EC, GC and CRC; histologically con-
firmed stage III to IV disease; documented drug resistant to
chemotherapy/CIK cell treatment (defined as relapsed [dis-
ease recurring within 6 months after original therapy] or
refractory [disease progression while receiving or persistent
disease after original therapy]); aged 18 to 85 years; Eastern
Cooperative Oncologic Group (ECOG) performance status of
0 to 229 and adequate bone marrow, cardiac, renal and liver
functions.

Key exclusion criteria were pregnancy or lactation; the
receipt of any other investigational agent or decitabine; severe
organ function insufficiency; active serious infection; a known
history of HIV infection; a history of organ allograft; immu-
nodeficiency or an uncontrolled comorbid medical condition.

Study design

This single-center, open-label phase Ib/II trial was conducted
in accordance with the ethical guidelines of the 1975 Declara-
tion of Helsinki and with Good Clinical Practice guidelines
provided by the International Conference on Harmonization.
The study was approved by the institutional review board of
the Chinese PLA General Hospital (review broad identifier,
2012–062). Written informed consent to participate and pub-
lish was obtained from each enrolled patient.

Eligible patients were assigned to one of the two treatment
cohorts according to the treatment history (whether CIK cell
treatment was used before enrollment). For patients in the
decitabine-primed chemotherapy cohort (D-C cohort),

What’s new?

Chemotherapy is the main therapeutic option for alimentary tract (AT) cancer patients, but intrinsic or acquired drug resistance

remains an issue. Preclinical and phase I trials have shown the potential re-sensitivity property to chemo- and immunotherapy

of low-dose decitabine. In this phase Ib/II trial, low-dose decitabine-primed chemotherapy with/without cytokine-induced

killer cells treatment was assessed in patients with drug-resistant relapsed/refractory AT cancers. The epi- chemoimmunother-

apy exhibited high response rates and prolonged the progression-free survival (PFS), compared to the pre-resistant unprimed

PFS. The regimen was generally well tolerated. The safety and efficacy of decitabine-primed re-sensitization to chemoimmuno-

therapy make it a promising treatment strategy.
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decitabine was administered to all patients at 7 mg/m2/d
intravenously (IV) on days 1 to 5 of each 28-day treatment
cycle. The corresponding resistant first-line chemotherapy
was subsequently given on days 6 and 7. For the D-C and
CIK cell treatment cohort (D-C1CIK cell cohort), patients
received the abovementioned regimen, followed by CIK cells
administration on days 14 and 15 in a 28-day cycle. Treat-
ment duration was up to 16 months or until progressive dis-
ease (PD) or unacceptable adverse events (AEs) occurred or
upon patient request to discontinue therapy.

Safety evaluation

Safety assessment included a physical examination, vital
signs, height, weight, ECOG performance status, AEs and
laboratory analysis. All evaluations were performed after each
treatment cycle. AEs were graded according to the U.S.
National Cancer Institute Common Toxicity Criteria for AEs
(CTCAE), version 4.0.

Efficacy and outcomes assessment

The primary objective was progression-free survival (PFS).
Secondary end points included overall survival (OS), objective
response rate (ORR) and disease control rate (DCR). All
patients underwent the computed tomography (CT) scanning
to confirm the treatment response after every two cycles of
therapy, and the same imaging modality was used at baseline
and at all follow-ups. Tumor responses were assessed in a
blinded manner according to the Response Evaluation Crite-
ria in Solid Tumors (RECIST) v1.1.

CIK cell culture and treatment regimen

The CIK cells were generated from peripheral blood mono-
nuclear cells (PBMCs) and cultured as previously described.30

CIK cells were isolated by standard Ficoll separation and
then cultured with CIK cell medium (Takara, Japan) supple-
mented with 0.6% autogeneic serum. The growth medium
was supplemented with 1000 U/ml recombinant human
interferon (IFN)-g, 1000 U/ml recombinant human interleu-
kin (IL)-2 (rhIL-2) and 5 lg/ml anti-CD3 antibody on day 0.
Every 3 days, fresh CIK cell medium and 1000 U/ml rhIL-2
were added. After 14-days of culture, CIK cells were har-
vested with a survival rate of> 95%. The phenotype of the
CIK cells met the following release criteria: proportions of
CD31, CD81 and CD31/CD561 cells of> 90%,> 65%
and� 20%, respectively. The phenotype of the PBMCs was
analyzed as a control.

The CIK cell transfusion was performed intravenously
with 1.0–5.0 3 109 CIK cells per infusion (one transfusion
per day for 2 days). After each CIK cell transfusion, the
patients were injected subcutaneously with 2 mU rhIL-2 each
day for 7 consecutive days.

Plasma DNA LINE-1 methylation analysis

Peripheral blood was collected from all 45 enrolled patients
on days 0 and 28 of cycle 1. The DNA was extracted from

plasma samples and quantified as described previously.31

Global methylation was detected using the Global DNA
Methylation LINE-1 kit (Active Motif) according to the man-
ufacturer’s instructions.28

Plasma microRNA analysis

The aforementioned plasma samples were also used for
microRNA (miRNA) expression analysis. MiRNA sequencing
(miRNA-seq) was performed with the plasma sample of three
patients (UPN 36, 46 and 51). MiRNA-Seq library construc-
tion, sequencing, read alignment (to mirBase v21) and
miRNA expression profiling were performed as reported pre-
viously in the Cancer Genome Atlas Research Network.32

Differentially expressed miRNAs were filtered by fold change,
and hierarchical clustering was performed. MiRNA target
prediction was performed by Targetscan and other common
methods. The gene ontology (GO) and Kyoto Encyclopedia
of Genes and Genomes (KEGG) pathway analyses were per-
formed based on the top 10 differentially expressed miRNAs.
The quantification of miRNAs of the plasma samples of the
other 42 patients using real-time polymerase chain reaction
was then conducted separately as described previously.33 The
primers used are shown in Supporting Information Table S1.

Statistical analysis

All patients who received at least two cycles of treatment
were included in the analyses. Patient demographics and the
frequency of AEs were summarized by histological subtype
using descriptive statistics. PFS was measured from study
entry to the first documentation of disease progression or
death. OS was measured from the study entry to the date of
death. ORR was defined as the proportion of all treated
patients whose best overall response (BOR) was either a con-
firmed complete or partial response (CR or PR). DCR was
defined as the proportion of ORR plus patients with stable
disease (SD). Efficacy endpoints were compared across the
histological groups using the Fisher’s exact test, with two-
sided 95% exact CIs calculated using the Wald confidence
limits method. PFS and OS were estimated according to the
Kaplan-Meier method, and comparisons were conducted
using the log-rank test. Cox proportional hazards regression
analysis was used for univariate and multivariate analyses of
prognostic factors. The two-sided 95% CI was provided for
PFS, OS, ORR and DCR. All statistical assessments were two-
sided, and the significance level was defined as� 0.05. The
statistical software SPSS 23 and Stata 14 was used for
analysis.

Results
Patient characteristics

Forty-eight patients with relapsed (n5 21)/refractory
(n5 27), drug resistant EC (n5 16), GC (n5 17) and CRC
(n5 15) were enrolled from August 2012 to May 2017.
Forty-five patients received at least two cycles of the D-
C1CIK cell (low-dose D-C combined with CIK cell) or D-C
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Table 1. Demographic and baseline characteristics of patients, by treatment regimen

No. of patients (%)

Characteristic All patients (n 5 45) D-C 1 CIK cell1 (n 5 25) D-C1 (n 5 20) P Value

Age (years)

Median 59 62 55 0.469

Range 25–85 25–85 38–73

Gender

Male 32 (71.1) 18 (72) 14 (70) 0.883

Female 13 (28.9) 7 (28) 6 (30)

ECOG2

0 24 (53.3) 12 (48) 12 (60) 0.521

1 13 (28.9) 7 (28) 6 (30)

2 8 (17.8) 6 (24) 2 (10)

Tumor grade

III 7 (15.6) 4 (16) 3 (15) 1.000

IV 38 (84.4) 21 (84) 17 (85)

Histology

Squamous cell carcinoma 12 (26.7) 6 (2.5) 6 (30) 0.126

Adenocarcinoma 28 (62.2) 14 (4) 14 (70)

Other 5 (11.1) 5 (20) 0 (0)

No. of metastasis

�3 35 (77.8) 20 (80) 15 (75) 0.866

2 7 (15.6) 3 (12) 4 (20)

1 3 (6.6) 2 (8) 1 (5)

Previous status

Refractory 25 (55.6) 15 (60) 10 (40) 0.502

Relapsed 20 (44.4) 10 (40) 10 (40)

Treatment free interval, months

Median 1 1 3 0.253

Range 1–61 1–16 1–61

Prior surgery 33 (73.3) 18 (72) 15 (75) 0.821

Prior system therapy 42 (93.3) 23 (92) 19 (76) 1.000

Cycles of previous treatment

Median 4 4 4.5 0.143

Range 2–15 2–15 2–12

Cycles of decitabine-primed treatment

Median 4 4 4 0.341

Range 2–16 2–16 2–7

Chemotherapy regimen3

PT 14 8 6 0.379

IP 5 4 1

FOLFOX 16 9 7

FOLFIRI 10 4 6

1D-C 1 CIK cell, decitabine-primed combination of chemotherapy and CIK cell treatment; D-C, decitabine-primed chemotherapy. 2ECOG performance-
status scores range from 0 to 5, with 0 indicating no symptoms and higher scores indicating increasing symptoms. 3Chemotherapy regimen: PT, pac-
litaxel and cisplatin; IP, irinotecan and cisplatin; FOLFOX, oxaliplatin, leucovorin and fluorouracil; FOLFIRI, irinotecan, leucovorin and fluorouracil.
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(low-dose D-C) treatment based on their treatment history
(Supporting Information Fig. S1). The median patient age
was 59 years (range, 25–85 years). At baseline, 38 (84.4%)
patients had stage IV disease; 37 (82.2%) patients had an
ECOG performance status of 0–1 and 33 (73.3%) patients
were previously treated with surgery. Baseline patient demo-
graphic and clinical characteristics are listed in Table 1 and
Supporting Information Table S2, and an additional table
shows this in greater detail (Supporting Information Table
S3). The median number of combined treatment cycles was
four (range, 2–16 cycles).

Safety

None of the 45 patients withdrew from the treatment because
of AEs or experienced treatment-related death. In the overall
population, the most frequently observed treatment-related
AEs were fatigue (n5 45, 100%), anorexia (n5 24, 53.3%),
anemia (n5 24, 53.3%) and leukopenia (n5 23, 51.1%)
(Table 2). Grade 3–4 treatment AEs occurred in 11 of 45
patients (24.4%) and included leukopenia (n5 10, 22.2%),
neutropenia (n5 10, 22.2%), thrombocytopenia (n5 3,
6.7%), anemia (n5 1, 2.2%), nausea (n5 1, 2.2%) and diar-
rhea (n5 1, 2.2%). These AEs were easily medically managed
if the chemotherapy doses were reduced by 20% of the thera-
peutic doses of the standard chemotherapy regimens. Several
expected chemotherapy-related AEs, such as fatigue (n5 45,
100%), alopecia (n5 23, 51.1%) and anorexia (n5 37,
82.2%), occurred in our study.

The most common AEs were hematologic and gastrointes-
tinal in origin (Table 2). EC and GC groups experienced
higher rates of any-grade and grades 3 and 4 hematologic
toxicities than the CRC group (p5 0.003). Leukopenia and
thrombocytopenia were caused by the combined treatment
rather than by the low-dose decitabine monotherapy (Sup-
porting Information Fig. S2). The frequency and severity of
treatment-related gastrointestinal AEs were not different
among the three histological groups.

Efficacy

The treatment cycles did not differ significantly among the
two combined epigenetic regimen cohorts (one-way analysis
of variance test, p5 0.341) (Table 1). In the overall popula-
tion, 2 (4.44%) patients achieved CR, 9 (20%) had PR and 26
(57.78%) experienced SD. The ORR and DCR were 24.44%
(95% CI, 11.89 to 37.00) and 82.22% (95% CI, 71.05 to
93.39), respectively (Table 3; Fig. 1a). PD was infrequent,
with 8 (17.78%) patients having PD as their BOR per
RECIST v1.1. Of the 25 patients in the D-C1CIK cell
cohort, 1 (4%) had CR, 6 (24%) had PR and 16 (64%) had
SD, for an ORR of 28% (95% CI, 12.07 to 49.39) and DCR
of 92% (95% CI, 73.97 to 99.02). Of the 20 patients with the
D-C regimen, 1 (5%) had CR, 3 (15%) had PR and 10 (50%)
had SD, for an ORR of 20% (95% CI, 5.73 to 43.66) and
DCR of 70% (95% CI, 45.72 to 88.11) (Table 3). No evident
differences for ORR and DCR were exhibited between the
two cohorts, respectively (Kruskal-Wallis test, p5 0.729 for
ORR and p5 0.113 for DCR).

Eleven (24.44%) patients achieved the objective clinical
response per RECIST v1.1, with 6 (6 of 15, 40%) with EC, 4
(4 of 16, 25%) with GC and 1 (1 of 14, 7.1%) with CRC
(Supporting Information Table S4). The DCR of the separate
cancer types were 86.67%, 87.50% and 71.43%, respectively
(Supporting Information Table S4). No evident differences of
ORR or DCR were exhibited across the three different cancer
types, respectively (Kruskal-Wallis test, p5 0.118 for ORR
and p5 0.551 for DCR). Furthermore, no significant hetero-
geneities of ORR or DCR were noted across the four different
chemotherapy regimens (Kruskal-Wallis test, p5 0.405 for
ORR and p5 0.204 for DCR) (Supporting Information Table
S5).

The correlation analysis revealed that the better ORR was
associated with the longer treatment-free interval (p5 0.025)
and initial surgical resection history (p5 0.023), respectively
(Supporting Information Table S6). Notably, the D-C1CIK
cell regimen showed advantages in clinical responses over D-
C treatment in AT patients with fewer cycles of decitabine-
primed therapy (� 4; 94.4% vs. 50%, p5 0.009) or more
metastasis (� 3; 95% vs. 60%, p5 0.027) or adenocarcinoma
(100% vs. 57.14%, p5 0.016). Furthermore, D-C1CIK cell
treatment provided better ORR in patients with squamous
cell carcinoma (p5 0.011), while the increased cycles (>4) of
the D-C therapy may be associated with the improved thera-
peutic effects (p5 0.014).

Table 2. Treatment-Related AEs according to CTCAE (version 4.0)
criteria

All Grades Grade 3 to 4

Adverse events N % N %

Hematologic

Leukopenia 23 51.1 10 22.2

Neutropenia 23 51.1 10 22.2

Anemia 24 53.3 1 2.2

Thrombocytopenia 6 13.3 3 6.7

Gastrointestinal

Nausea/vomiting 9 20 1 2.2

Anorexia 37 82.2 0 0

Diarrhea 3 6.7 1 2.2

Stomatitis 3 6.7 0 0

Constipation 7 15.6 0 0

Loss of appetite 1 2.2 0 0

Other

Fatigue 45 100 0 0

Alopecia 23 51.1 0 0

Hidrosis 1 2.2 0 0

Blurred vision 2 4.4 0 0

Sensory neuropathy 23 51.1 0 0
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Patient UPN11 experienced a CR lasting 47 months. The
patient was initially diagnosed with poorly differentiated
esophageal squamous cell carcinoma (ESCC) and received
surgical resection and first-line chemotherapies. He experi-
enced a gradual reduction in tumor lesions and achieved a
CR after 4 cycles of low-dose decitabine-primed chemo-CIK
cell regimen (D-C1CIK cell cohort). The patient had no
evidence of disease progression for 41 months after discon-
tinuing combination epigenetic therapy (Fig. 1b). Another
representative CR patients, UPN55, experienced no sign of
disease after the initial resection for approximately 60
months, followed by relapse with ESCC, which was consistent
with his original primary tumor. This patient completed a
six-cycle trial of low-dose D-C (D-C cohort) and continued
to experience a CR after 12 months of follow-up (Figs. 1c
and 1d).

Survival

For all the 45 patients who completed at least two cycles of
epigenetic primed chemoimmunotherapy, the median PFS
and OS were 5 (95% CI, 4–6 months) and 12 months (95%
CI, 9–13 months), comparing favorably with the best PFS
before resistance to the corresponding chemoimmunotherapy
regimens (p5 0.002) (Table 3; Figs. 2a and 2b). The 6-
month PFS and 1-year OS rates of the D-C1CIK cell cohort
were 37.89% and 32%, respectively (Table 3). For patients
with D-C treatment, the 6-month PFS and 1-year OS rates

were 30% and 45%, respectively (Table 3). Neither the PFS
(p5 0.889) nor OS (p5 0.914) of the three cancer types dif-
fered significantly in the Kaplan-Meier analysis (Supporting
Information Figs. S3a and S3b). Across the three groups of
cancer type, the 6-month PFS and 1-year OS rates ranged
from 26.7% to 43.75% and 31.25% to 42.86%, respectively
(Supporting Information Table S4). No significant difference
of survival rates could be discerned among the four chemo-
therapy groups (Supporting Information Table S5; Figs. S3c
and S3d).

Although no significant disparity of PFS was noted
between the two treatment cohorts (Kaplan-Meier analysis,
p5 0.889) (Fig. 2c), the PFS benefit from the decitabine-
primed chemoimmunotherapy was only exhibited in the
patients with the D-C1CIK cell treatment (p5 0.0001;
HR5 0.399; 95% CI, 0.125 to 0.431), but not in the patients
with the D-C treatment (p5 0.551; HR5 0.845; 95% CI,
0.424 to 1.514) (Fig. 2d). For the patients with the D-
C1CIK cell treatment, the interesting pairwise comparisons
exhibited a prominent longer PFS and OS in the relapsed
patients compared to the refractory patients (PFS: p5 0.033;
HR5 0.429; 95% CI, 0.147 to 0.820; OS: p5 0.002;
HR5 0.305; 95% CI, 0.093 to 0.511) (Fig. 2e). Additionally,
in the patients with the D-C treatment, the increased treat-
ment cycles significantly extended the PFS and OS (PFS:
p5 0.002; HR5 0.305; 95% CI, 0.061 to 0.411; OS: p5 0.002;
HR5 0.249; 95% CI, 0.065 to 0.465) (Fig. 2f). Furthermore,

Table 3. Clinical response and patient outcomes, by treatment regimen

Response All patients (n 5 45) D-C 1 CIK cell (n 5 25) D-C (n 5 20)

BOR, No. (%)

CR 2 (4.44) 1 (4) 1 (5)

PR 9 (20) 6 (24) 3 (15)

SD 26 (57.78) 16 (64) 10 (50)

PD 8 (17.78) 2 (8) 6 (30)

ORR (%) 24.44 28 20

95% CI 12.88–39.54 12.07–49.39 5.73–43.66

DCR (%) 82.22 92 70

95% CI 67.95–92.00 73.97–99.02 45.72–88.11

PFS (months)

Median (range) 5 (2–47) 6 (2–47) 4 (2–19)

95% CI 4–6 4–8 2–9

OS (months)

Median (range) 12 (2–47) 11 (2–47) 12 (2–34)

95% CI 9–13 9–14 7–22

PFS rate at 6 months1 (%) 34.38 37.89 30

95% CI 20.89–48.28 19.28–56.44 12.25–50.14

1-year OS rate2 (%) 37.78 32 45

95% CI 23.91–51.57 15.24–50.15 23.11–64.71

1PFS rate was defined as the probability of a patient remaining progression free and alive up to 6 months. 2OS rate was defined as the probability
of a patient remaining alive up to 1 year.
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Cox proportional hazards regression analysis confirmed these
two indices, the patients with relapsed AT cancers and incre-
mental cycles, could independently predict the survival (Sup-
porting Information Tables S7 and S8; Supporting
Information Fig. S4), suggesting that patients with relapsed
AT cancers would be more suitable for the low-dose primed
chemoimmunotherapy and that at least four cycles of the
regimen should be recommended.

Potential prognostic role analysis

Because the eligible patients of this phase Ib/II trial had
relapsed or had refractory disease, the biopsy tumor tissue
was not readily available based on the clinical safety consid-
erations. Considering that plasma DNA is enriched with
tumor DNA, we assessed the hypomethylating activity of
low-dose decitabine via measurement of LINE-1 methylation
in plasma DNA.31 As shown in Figure 3a, the global DNA

Figure 1. Clinical efficacy analysis. (a) Waterfall plot of BOR. Best percentage change in target lesion tumor burden from baseline. Maximum

percentage reduction in target lesion tumor burden is assessed according to RECIST v1.1. Positive change in tumor burden indicates tumor

growth; negative change in tumor burden indicates tumor reduction. Horizontal lines denote 30% decrease and 20% increase, and each

column represents one case. (b) Serial CT scans show a CR for an anastomotic recurrence lesion after four cycles of D-C 1 CIK cell regimen.

The patient remains alive and is without evidence of relapse until 41 months after completion of six cycles of this therapy (May 2017). The

white arrows indicate areas of measurable disease. (c, d) The PET/CT (c) and CT (d) images of UPN55, a 59-year-old male patient with

relapsed ESCC. He received D-C treatment, experienced gradual reduction of tumor lesions and achieved a CR that last 18 months. Red

circles indicate areas of measurable disease. Abbreviations: CR, complete response; PD, progressive disease; PR, partial response; SD, sta-

ble disease. [Color figure can be viewed at wileyonlinelibrary.com]

C
an

ce
r
T
he
ra
py

an
d
P
re
ve
n
ti
on

1536 Decitabine chemoimmunotherapy for R/R AT cancers

Int. J. Cancer: 143, 1530–1540 (2018) VC 2018 The Authors International Journal of Cancer published by John Wiley & Sons Ltd on behalf of
UICC

http://wileyonlinelibrary.com


hypomethylation was confirmed in all patients on day 28
compared to day 0 of the first cycle. There was no significant
difference among the diverse responders, indicating that
global hypomethylation may not be a putative predictive
marker for the combination therapy.

Emerging data show that miRNAs play important roles as
prognostic factors for cancer survival.34,35 Furthermore,
plasma RNA was available and provided a valuable source
for biomarker development. We performed high-throughput
miRNA-seq on a training set of two PR patients and one PD
patients (GEO database, GSE91089), and preliminary data
revealed that five miRNAs (upregulated in PR patients: miR-
543, 1908-5p and 3120-5p; downregulated in PR patients:

miR-651-5p and 450a-5p) may serve as putative predictive
markers of this low-dose decitabine primed therapy (Fig.
3b). Furthermore, the expression patterns of the five miR-
NAs were examined in the test set of the other 42 patients’
plasma samples collected on days 0 and 28 of cycle 1. Of
the 30 patients with a favorable miRNA expression signa-
ture (upregulation of miR-543, 1908-5p and 3120-5p and
downregulation of miR-651-5p and 450a-5p after treatment)
(Supporting Information Fig. S5), two patients experienced
PD, and the ORR was 26.7%. Of those with an unfavorable
miRNA expression signature (n5 12), five patients experi-
enced PD, and the ORR was 8.3% (Figs. 3c and 3d; Sup-
porting Information Fig. S5).

Figure 2. Comparison of survival outcomes. (a, b) The Kaplan-Meier analysis (a) and paired comparison (b) of PFS of low-dose decitabine-

primed chemoimmunotherapy, comparing favorably to the best previous PFS of the corresponding therapy. (c) Compared to pre-resistant

PFS of unprimed chemoimmunotherapy, PFS was prolonged by D-C1CIK cell regimen but not the D-C regimen. (d) Kaplan-Meier analysis

and log-rank comparison of PFS and OS by the treatment cohort. (e) For patients in D-C1CIK cell cohort, the PFS of patients with relapsed

cancers was significantly longer than with refractory patiens. (f) The D-C regimen prolonged the PFS of patients received more cycles of

treatment. Abbreviations: Pre-PFS, pre-resistant PFS of the corresponding chemoimmunotherapy; PFS, PFS of low-dose decitabine-primed

chemoimmunotherapy. [Color figure can be viewed at wileyonlinelibrary.com]
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Discussion
Drug resistance is one of the main factors limiting treatment
advances in relapsed and/or refractory AT malignancies.7,36 The
pressing need for improved therapeutic outcomes provides a
good rationale for finding effective strategies for AT cancer
treatment.37 To our knowledge, our open-label study is the first
phase Ib/II trial to test the safety and efficacy of low-dose deci-
tabine-primed chemoimmunotherapy in relapsed and/or refrac-
tory AT cancers with drug-resistance. This clinical trial showed
a favorable PFS and clinical response without a significant
increase in toxicity. Our previous clinical trials of low-dose deci-
tabine in other tumors exhibited the similar findings.12,28

There is a long-held doctrine that the re-use of previously
resistant therapies is a clinically pointless endeavor.4,15,16 Here,
we present data of a self-controlled clinical trial, the historical
PFS of each patient served as a control for themselves. A paired
comparison of PFS between the primed corresponding chemo-
therapies (D-C cohort) and unprimed previous therapies was
performed and showed a similar median PFS time. Our data

suggested the capability of low-dose decitabine to alter cancer
cell sensitivity to cytotoxic therapy and mediate a return to a
baseline state of treatment susceptibility.13 Interestingly, the
inclusion of CIK cell to the combined therapy prominently pro-
longed the PFS compared to the best PFS of the unprimed pre-
vious therapy. Our results support that the low-dose decitabine
primes the cancers to restore sensitivity to chemo- and immu-
notherapy and indicate the synergetic effect of chemotherapy
and immunotherapy in R/R AT cancers.

A number of studies have indicated the safety and feasibil-
ity of the use of CIK cells either combined with chemotherapy
or alone in treating malignant diseases.38–40 Nevertheless, a
standardized operation procedure is urgently needed to modify
technical criteria for CIK cell preparation.41 Our group con-
firmed the antitumor effect of therapeutic regimens with CIK
cells in several hematologic malignancies and solid tumors,
and also developed the uniform criteria for preparations of
CIK cells.42 In addition, we summarized the AEs in 893
patients with 4,088 transfusion cases and revealed the safety

Figure 3. Plasma samples were used to identify preliminary predictive markers of response. (a) LINE-1 methylation measurements in patient

plasma samples at days 0 and 28 of cycle 1. Error bars represent SEM. (b) Hierarchical cluster analysis of miRNA-seq data by the five differentially

expressed miRNAs. (c, d) Kaplan-Meier comparison of PFS and OS between the groups of patients with favorable and unfavorable miRNA expres-

sion signature. Favorable miRNA expression signature represented the upregulation of miR-543, 1908-5p and 3120-5p and downregulation of

miR-651-5p and 450a-5p after low-dose decitabine-primed combined therapy treatment. [Color figure can be viewed at wileyonlinelibrary.com]
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and well-tolerance of autologous CIK cell transfusion.30 Fur-
thermore, consistent with our data of D-C1CIK cell cohort,
clinical observations demonstrated that relapsed status may be
an index of clinical efficacy of CIK cell-based treatment.43

Considering the limited sample size and the use of autologous
CIK cells, other potential predictive factor might exist and
need to be validated in future large-scale investigation.

Decitabine is a powerful HMA and is most effective at a
lower dose. A low-dose regimen of decitabine was suggested
as the “optimal dose” for the treatment of hematological
malignancies (3.5–7 mg/m2) and solid tumors (2.5–10 mg/
m2).44,45 Emerging evidences suggested that this agent did
not only work against cancer cells, but also impacted the
host immunity.17,21,27 Our previous phase I study in patients
with advanced hepatocellular carcinoma exhibited the mas-
sive inflammatory cell infiltration of tumor bed after low-
dose decitabine treatment.28 The further study revealed that
the low-dose decitabine could broaden the peripheral T cell
receptor repertoire, promote T cell proliferation and increase
IFN-g1 secretion.46 Our present and previous data demon-
strated that low-dose decitabine may re-sensitized the cancer
to immunotherapy and the clinical efficacy could be pre-
dicted with peripheral IFN-g1 T-cell frequency, which is
required to be verified in further large-scale clinical trials.

The low-dose decitabine-primed chemoimmunotherapy
did not benefit all eligible R/R AT cancer patients. Thus, a
predictive biomarker of antitumor response for this com-
bined therapy is urgently needed. In our trial, all enrolled
patients were R/R AT cancer patients, the evaluation with
tumor tissue was not executable because biopsy was not an
acceptable option for all patients considering the clinical
safety. LINE-1 methylation in plasma DNA was chose to
serve as a potential biomarker of activity of dicitabine for
two reasons. First, the plasma DNA may not be equivalent to
the tumor DNA, but Ana Aparicio proposed that LINE-1
methylation in plasma DNA could serve as a biomarker of
activity of DNA methylation inhibitors in patients with solid
tumors.31 Second, global DNA methylation decreases appear
to be transient and rapidly return to baseline levels.47 More-
over, as proposed by Qin et al. the synergistic effect of decita-
bine and chemotherapy may be independent of DNA
demethylation,48 and the degree of methylation in a plasma
sample does not correlate with disease response. This phase
Ib/II study could not identify a true biomarker for the

antitumor effect, and additional investigations will be needed
to address this issue.

Immunotherapy gained worldwide attention and was
regarded as one of the most promising cancer treatments in
recent years. Cancer immunotherapy exhibited specific pat-
terns of response in some cases with transient increase in
tumor burden followed by long-lasting PR or SD, termed
pseudo-progression.49 Conventional response criteria,
RECIST v1.1, evaluated clinical response by reduction in
tumor burden without any new lesions and might not be
adequate in assessing response of immunotherapy, because it
might underestimate the therapeutic benefit.49,50 Accordingly,
immune-related response criteria, namely irRECIST and iRE-
CIST, were proposed to standardize response assessment of
cancer immunotherapy.50 These new criteria have potentially
demonstrated some advantages over RECIST v1.1; however,
robust validation is needed.49 Regardless, RECIST remained a
highly validated and reproducible tool in assessment of treat-
ment response.49 After all, continuation of treatment might
be performed beyond the conventional definition of
“progression” by RECIST v1.1 and be confirmed per the
irRECIST and iRECIST in the future clinical trial.

In summary, our study shows encouraging results related
to clinical efficacy and toxicity profile of low-dose decitabine-
primed chemoimmunotherapy in R/R AT cancer patients
with documented drug-resistance. Although the cohort of our
study is relatively small, the results have clearly demonstrated
that the specific treatment regimen is safe with a limited AE
profile. This phase Ib/II study is pilot and difficult to draw a
solid conclusion; nevertheless, it highlights the potential re-
sensitivity property to chemo- and immunotherapy of low-
dose decitabine. Although limited by relative small sample
sizes, which can attenuate or negate the statistical significance
of the finding, the impact of cancer type on clinical efficacy
cannot be ruled out and additional investigations will be
needed to address this issue. Thus, low-dose decitabine-
primed chemoimmunotherapy may be an attractive and
promising treatment strategy for R/R AT cancer patients
with drug resistance. Further large-scale, multicenter clinical
trials of this primed regimen are warranted.
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