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ABSTRACT
Cytokine-induced killer (CIK) cells that are stimulated using mature dendritic cells (DCs), referred to as (DC-
CIK cells) exhibit superior anti-tumor potency. Anti-programmed death-1 (PD-1) antibodies reinvigorate T
cell-mediated antitumor immunity. This phase I study aimed to assess the safety and clinical activity of
immunotherapy with PD-1 blockade (pembrolizumab)-activated autologous DC-CIK cells in patients with
advanced solid tumors. Patients with selected types of advanced solid tumors received a single
intravenous infusion of activated autologous DC-CIK cells weekly for the first month and every 2 weeks
thereafter. The primary end points were safety and adverse event (AE) profiles. Antitumor responses,
overall survival (OS), progression-free survival (PFS) and cytolytic activity were secondary end points.
Treatment-related AEs occurred in 20/31 patients. Grade 3 or 4 toxicities, including fever and chills, were
observed in two patients. All treatment-related AEs were reversible or controllable. The cytotoxicity of DC-
CIK cells induced up-regulation of PD-L1 expression on autologous tumor cells. When activated using
pembrolizumab ex vivo, DC-CIK cells exerted superior antitumor properties and elevated IFN-g secretion.
Objective responses (complete or partial responses) were observed in 7 of the 31patients.These responses
were durable, with 6 of 7 responses lasting more than 5 months. The overall disease control rate in the
patients was 64.5%. At the time of this report, the median OS and PFS were 270 and 162 days,
respectively. In conclusions, treatment with pembrolizumab-activated autologous DC-CIK cells was safe
and exerted encouraging antitumor activity in advanced solid tumors. A larger phase II trial is warranted.
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Introduction

Our previous studies demonstrated that cytokine-induced killer
(CIK) cell treatment have an adjuvant immunomodulatory
effect by prolonging survival in several types of cancer patients
who undergo curative treatment,1-4 yet it appears to be uns-
atisfactory in advanced malignancies. As an adoptive imm-
unotherapy, CIK cells antitumor activity is restricted by
immunosuppressive pathways in the tumor microenviron-
ment.5 Thus, it would be of considerable interest to explore
novel strategies, such as overcoming the potential immune bar-
rier in vivo, to enhance how CIK cells respond to tumors and
to thereby improve the therapeutic effects of CIK cells in
patients with advanced malignancy.

Recently, many immune checkpoint inhibitors, especially
those that blocked the PD-1/PD-L1 pathway, showed remark-
able clinical success in a variety of cancers.6-9 However, most
patients do not have a robust objective clinical response to
these checkpoint blockades,10 indicating that we should pay

attention to the immunocompetence of the patients when using
these drugs that depend on pre-existing endogenous antitumor
immunity.11 Indeed, a large fraction of cancer patients, espe-
cially those being treated with high-dose chemotherapies,
which induce the collapse of the immune system, lack a detect-
able immune reaction to cancer.12

It is therefore logical to assume that combining immune
checkpoint inhibitors and activated immune effector cells
may result in potent antitumor effects in cancer patients,
including immunocompromised patients. A recent series of
studies showed that inhibitory receptors are also expressed
on CIK cells and that blocking these receptors resulted in a
remarkable increase in CIK-mediated cytotoxicity against
tumor cells.13,14 These findings focused attention on
enhancing the CIK cell-mediated antitumor response that is
induced by PD-1/PD-L1 pathway inhibitors to develop a
new immunotherapeutic strategy for advanced malignancies.
In addition, based on what is known of CIK cell generation,
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we established a culture method to stimulate CIK cells using
autologous dendritic cells (DCs), referred to as (DC-CIK
cells). This modification of CIK cells resulted in significantly
enhanced proliferation, antitumor activity and clinical
effects.15 Given the promise of these findings, we performed
a phase I clinical trial to evaluate the safety and antitumor
activity of a low-dose of PD-1 blockade-activated autolo-
gous DC-CIK cells in patients with advanced solid tumors.

Results

Patient characteristics

A total of 37 patients with advanced solid tumors were enrolled
into the protocol and treated with pembrolizumab-activated
autologous DC-CIK cells. These patients included 10 with
hepatocellular carcinoma (HCC), 8 with renal cell cancer
(RCC), 6 with colorectal cancer (CRC), 5 with non–small-cell
lung cancer (NSCLC), 3 with ovarian cancer, 2 with bladder
cancer, 2 with breast cancer and one with nasopharyngeal car-
cinoma (NPC). Six patients did not continue treatment or
undergo follow-up although they did receive activated autolo-
gous DC-CIK cell infusions, and the details of their clinical

characteristics are presented in Supplementary Table S1. The
detailed treatments administered to the patients are shown in
Fig. 1. Finally, 31 patients underwent follow-up and subsequent
clinical assessments. Of these 31 patients, 24 were male and 7
were female, and the median age was 52 years old (range, 31–
71 years old). The median number of DC-CIK cell infusion
cycles was 12 (range, 3–26) (Table 1). Seven patients received
less than 8 cycles of treatment (range, 3–7) due to disease pro-
gression during the treatment period.

Characteristics of cultured DC-CIK cells

The total number of pembrolizumab-activated DC-CIK cells at
the time of infusion was an average of 8.8 £ 109 cells (range,
5.5–11 £ 109). The DC-CIK cells were primarily CD3CT cells
(median, 95.8%; range, 72.3% to 99.4%) and comprised
CD8CT cells (median, 65.1%; range, 42.0% to 82.3%), CD4CT
cells (median, 28.1%; range, 15.7% to 43.3%), NK cells (CD3-
CD56C, median, 2.9%; range, 0.5% to 24.2%), and NKT cells
(CD3CCD56C, median, 17.8%; range, 9.5% to 40.0%). PD-1
was expressed on a median of 20.5% (range, 5.8% to 39.9%) of
the infused DC-CIK cells, primarily on CD8CT cells (median,

Figure 1. Clinical trial scheme and protocol. (A) Flow diagram illustrating the enrollment and assignment protocols and the analyses performed in the patients in this trial.
In all, 37 eligible patients were allocated to receive the intervention treatment. However, 6 patients were lost during the treatment or follow-up period, and 31 patients
were finally included for the clinical evaluation. (B) Overview of the clinical trial scheduling. Enrolled patients stopped cancer therapies so that they could generate acti-
vated DC-CIK Cells. Two weeks are required to manufacture DC-CIK cells. Anti-PD-1 antibodies were added, and the cells were then incubated for 30–40 min before the
activated DC-CIK cells were infused. The patients received at least 8 cycles of infusions within 11 weeks. The response was assessed at 12, 24 and 36 weeks and quarterly
thereafter. For eligible patients, maintenance infusions were given starting at 13 weeks.
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15.0%; range, 4.4% to 30.2%). Although the DC-CIK cell phe-
notypes were predominantly effector and effector memory
(CD8CCD45ROCCD62 L-; median, 49.5%; range, 27.2% to
79.0%), a median of 8.0% (range, 2.8% to 22.6%) of the cells
were central memory cells (CD8C CD45ROCCD62 LC). A
substantial proportion of na€ıve T cells (CD8CCD45RAC
CD62 LC; median, 18.5%; range, 3.7% to 30.4%) were also
detected in the final product (Fig. 2).

Treatment-related toxicities

The most common adverse events (AEs) arising from treatment
with pembrolizumab-activated autologous DC-CIK cells during
the study were fever, decreased albumin levels, increased serum
AST and ALT levels, anemia, leukopenia, thrombocytopenia,
chills, hypothyroidism and vitiligo (Table 2). All grades of
treatment-related AEs occurred in 20 of 31 patients (64.5%),
and most of them were grade 1 or 2 (18 of 20 patients, 90%).
Grade 3 or 4 treatment-related AEs were observed in only two
patients (6.4%). One patient with HCC exhibited a grade 3
fever during treatment, but objective antitumor regression (par-
tial response) was observed in this patient after 8 cycles of infu-
sions. A grade 3 chill was observed in another patient with
bladder cancer, and this was resolved by treatment with prome-
thazine hydrochloride. The most frequently observed AEs were
fevers, which occurred in 9 of the 31 patients (29%). Almost all
fevers rose no higher than 38�C and spontaneously resolved
within 12 hours. No treatment-related serious AEs appeared in
any of the patients, including those lost to follow-up (Supple-
mentary Table S1). No infections, fatigue, nausea, vomiting, or

allergic reactions were observed following infusion with pem-
brolizumab-activated autologous DC-CIK cells (Table 2). No
treatment was discontinued in any patients because of treat-
ment-related AEs.

Clinical activity

The objective response rate (RR) across the 31 enrolled patients
was 7 of 31 (22.5%), including 2 (6.4%) with a complete
response (CR) and 5 (16.1%) with a partial response (PR)
(Fig. 3A and 3B; Table 3). The disease control rate (DCR) was
20 of 31 (64.5%) (Table 3). In the patients who had objective
responses, six of seven cases experienced durable and evident
responses (Fig. 3A).

In patients with HCC, one achieved a CR, two experienced a
PR, and four exhibited stable disease. The objective RR and

Table 1. Patient Characteristics.

Characteristic No. of Patients %

Gender
Male 24 77.4
Female 7 22.6

Age (years)
Median 52
Range 31-71

Tumor histology
HCC 9 29.0
RCC 8 25.8
CRC 6 19.4
NSCLC 3 9.7
Bladder cancer 2 6.5
Breast cancer 1 3.2
NPC 1 3.2
Ovarian cancer 1 3.2

ECOG PS
0 22 71.0
1 9 29.0

Prior therapies
Surgery 22 68.2
Chemotherapy* 16 51.6
Radiation therapy 5 16.1
Immunotherapyy 6 16.1

Treatment cycle
Median 12
Range 3-26

Abbreviations: HCC, hepatocellular carcinoma; RCC, renal cell carcinoma; CRC, colo-
rectal cancer; NSCLC, non–small-cell lung cancer; NPC, nasopharyngeal carci-
noma; ECOG, Eastern Cooperative Oncology Group; PS, performance status.

�Includes molecularly targeted therapies.
yIncludes a single adjuvant cytokine-induced killer cell (CIK) immunotherapy.

Figure 2. Phenotype of DC-CIK cells at the time of infusion. The cells were pre-
dominantly CD3C and CD8CT cells. A substantial proportion of PD-1C cells
(a median of 20.5%) were also detected in the final product.

Table 2. Treatment-Related Adverse Events in patients in response to therapy
(n D 31).

No. (%) of Patients With Adverse Event

Adverse event All Grades Grade 1 or 2 Grade 3 or 4

Overall incidence 20 (64.5) 18 (58.1) 2 (6.4)
Fatigue 0 (0) 0 (0) 0 (0)
Fever 9 (29.0) 8 (25.8) 1 (3.2)
Chills 3 (9.7) 2 (6.4) 1 (3.2)
Anemia 4 (12.9) 4 (12.9) 0 (0)
Nausea 0 (0) 0 (0) 0 (0)
Vomiting 0 (0) 0 (0) 0 (0)
AST increased 5 (16.1) 5 (16.1) 0 (0)
ALT increased 5 (16.1) 5 (16.1) 0 (0)
Albumin decreased 6 (19.4) 6 (19.4) 0 (0)
Leukopenia 4 (12.9) 4 (12.9) 0 (0)
Thrombocytopenia 4 (12.9) 4 (12.9) 0 (0)
Vitiligo 1 (3.2) 1 (3.2) 0 (0)
Hypothyroidism 3 (9.7) 3 (9.7) 0 (0)
Allergic reaction 0 (0) 0 (0) 0 (0)
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DCR were 33.3% and 77.8%, respectively. The patient who
experienced a CR was a 61-year-old male with recurrent multi-
ple intrahepatic metastases after transarterial chemoemboliza-
tion (TACE) and treatment with radiofrequency ablation
(RFA). After 14 cycles of pembrolizumab-activated autologous
DC-CIK cell infusions, the multiple intrahepatic lesions disap-
peared, and the level of tumor marker alpha fetoprotein (AFP)
decreased to a normal range (Fig. 4A). This patient experienced
PFS for 310C days with further maintenance treatments. The
two partial responders also achieved an antitumor response for
over 150 days after they received 8C cycles of activated autolo-
gous DC-CIK cell infusions.

In patients with RCC, the objective RR and DCR were 25%
and 75%, respectively, including one CR, one PR, and four sta-
ble diseases. The patient who achieved a CR was a 34-year-old
male with extensive bilateral pulmonary metastasis and contin-
uous progressive disease after surgery and treatment with axiti-
nib. At 36 weeks after initiation of the treatment, his metastatic
disease had completely regressed (Fig. 4B). This patient contin-
ues to receive maintenance treatments and experience a CR.
The other partial responder was a 31-year-old female with mas-
sive ascites and multiple retroperitoneal lymph node metastases
after palliative surgery. Within 12 weeks of the initiation of
pembrolizumab-activated autologous DC-CIK cell infusions,
these ascites almost disappeared and the lymph node metastatic
lesions were reduced (Fig. 4C). However, she requested that the
treatments be discontinued after 16 cycles because of anemia,
increased serum AST and ALT levels, and hypothyroidism.
Interestingly, this patient continues to experience PR (more
than 240 days) as of a recent follow-up.

In patients with other solid tumors, including CRC, NSCLC,
bladder cancer, breast cancer, NPC and ovarian cancer, only
one patient with CRC and one patient with bladder cancer
achieved a PR. The objective RR and DCR were 14% and 50%,
respectively.

A total of 11 patients experienced disease progression, eight
of whom died as a result of their cancer progression. The
median overall survival (OS) and progression-free survival
(PFS) thus far were 270 and 162 days, respectively (Fig. 3C).

Cytotoxicity of DC-CIK cells and changes in PD-L1
expression on tumor cells in vitro

To confirm the antitumor response achieved by activated DC-
CIK cells,the cytotoxicity of DC-CIK cells was tested ex vivo
against autologous tumor cells that were obtained from two
RCC patients who received palliative resection followed by
pembrolizumab -activated autologous DC-CIK cell infusions.
These two patients subsequently achieved PR (patient 3435)
and stable disease (patient 5942). Cytolytic activity of DC-CIK
cells was observed to response to their respective autologous
tumor cells. However, higher levels of cytotoxicity were
observed in the DC-CIK cells activated by pembrolizumab than
non-activated DC-CIK cells (Fig. 5A and 5B). We hypothesize

Figure 3. Clinical outcomes in 31 patients who were treated with PD-1 blockade-activated DC-CIK cells. (A) Spider plots showing the time and duration of clinical
responses and changes in the tumor burden from baseline in patients who received pembrolizumab-activated autologous DC-CIK cell infusions. The thresholds for an
objective response (-30%) and progressive disease (C20%) are marked by horizontal dashed lines, respectively, according to RECIST (version 1.1). (B) A waterfall plot of
all patients showing the maximum reduction achieved in the target lesions from baseline as the sum of the longest diameter; C20% and ¡30% are marked by horizontal
dashed lines. (C) Overall survival and progression-free survival were estimated using the Kaplan-Meier method for the 31 included patients. Censoring events are indi-
cated by vertical tick marks.

Table 3. Clinical effect of PD-1 blockade activated DC-CIK cells treatment.

Response No. (%) of Patients

Tumor histology No. of Patients CR PR SD PD RR DCR

HCC 9 1 2 4 2 3(33.3) 7 (77.8)
RCC 8 1 1 4 2 2(25.0) 6(75.0)
CRC 6 0 1 1 4 1(16.7) 2(33.3)
NSCLC 3 0 0 1 2 0(0) 1(33.3)
Bladder cancer 2 0 1 1 0 1(50.0) 2(100)
Breast cancer 1 0 0 0 1 0(0) 0(0)
NPC 1 0 0 1 0 0(0) 1(100)
Ovarian cancer 1 0 0 1 0 0(0) 1(100)
All 31 2 5 13 11 7(22.5) 20(64.5)

Abbreviations: CR, complete response; PR, partial response; SD, stable disease; PD,
disease progression; RR, response rate (ie, CR and PR);DCR, disease control rate
(ie, CR, PR, and SD).
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that up-regulation of PD-L1 on tumor cells may affect the cyto-
lytic activity of DC-CIK cells that express PD-1 by an adaptive
immune resistance mechanism.16 To address this possibility,
PD-L1 expression on the tumor cells was analyzed before and
after the cells was co-cultured with autologous DC-CIK cells.
As expected, PD-L1 expression was rapidly induced on tumor
cells by tumor-reactive DC-CIK cells, which secrete IFN-g
(Fig. 5C). Because the PD-1/PD-L1 axis was negatively regu-
lated, the level of IFN-g secretion from non-activated DC-CIK
cells was lower after co-culturing with autologous tumor cells.

However, the activity status of the PD-1 blockade-activated
DC-CIK cells was improved when co-culturing with tumor
cells (Fig. 5D and 5E).

Discussion

While a recent series of clinical trials have shown that an anti-
tumor response is induced by PD-1/PD-L1 blockade therapy or
adoptive cell therapy (ACT) in patients with various types of
advanced cancer,7,17,18 this exploratory study is the first to

Figure 4. Activity levels of PD-1 blockade-activated DC-CIK cells in three patients with advanced hepatocellular carcinoma (HCC) and renal cell carcinoma (RCC). (A) A 61-
year-old male with recurrent HCC experienced a complete response (CR) after receiving 14 cycles of pembrolizumab-activated autologous DC-CIK cell infusion. Although
multiple intrahepatic metastases were observed on a baseline MRI (left), these lesions were no longer apparent at 24 weeks after the start of treatment (middle). The
arrows indicate the regression of the lesions. The expression of the tumor marker alpha fetoprotein (AFP) had also decreased to a normal range after treatment (right).
(B) A 34-year-old male with advance RCC achieved a CR after he was treated with pembrolizumab-activated autologous DC-CIK cells. Chest CT scans showing extensive
bilateral pulmonary metastasis (arrow and circles) at baseline (left). This was followed by complete regression at 36 weeks after the start of the treatment (right). (C) Par-
tial regression of metastatic RCC in a 31-year-old female within 12 weeks of the initiation of activated autologous DC-CIK cell infusions. The arrows show regression of
ascites, and the yellow circle indicates regression of the lymph node metastases.
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combine ACT (DC-CIK cells) with PD-1/PD-L1 blockade in
patients with advanced solid tumors. Strikingly, the results
show that this new strategy exhibits a promising antitumor
effect and a satisfactory clinical response, with 7 of 31 patients
achieved objective tumor regression. Indeed, inhibiting the PD-
1/PD-L1 checkpoint released the brake on active T cells and
restored immune responsiveness, resulting in the elimination
of the tumor.19 Interestingly, the DC-CIK cells we used in this
study contained a substantial proportion of PD-1C T cells
(Fig. 2), suggesting that a PD-1 blockade might significantly
increase the cytotoxic potency of DC-CIK cells. Consistent
with these results, recent preclinical and clinical data have also
demonstrated that specifically blocking PD-1 immunosuppres-
sion significantly increases the antitumor efficacy of adoptive
T-cell immunotherapy performed with chimeric antigen recep-
tor (CAR) T cells.20,21

In this study, modified CIK cells (DC-CIK cells) were admin-
istered to patients. DC-CIK cells have been demonstrated to
exhibit superior antitumor potency, increased proliferative
capacity, higher CD3CCD8C ratios, and increased IFN-g secre-
tion.15,22 Moreover, this study shows that a substantial propor-
tion of DC-CIK cells express PD-1, suggesting that PD-1
blockade has a strong potential for activating DC-CIK cells.
Additionally, and just as important, PD-1 expression, which is
significantly up-regulated when T cells recognize tumor targets

and are consequently activated, is increasingly recognized as a
component of the repertoire of clonally expanded tumor-reac-
tive cells.23,24 Based on this hypothesis, we sought to determine
whether a higher level of antitumor activity is exhibited by DC-
CIK cells in the combined immunotherapeutic strategy. Never-
theless, much less is known about checkpoint inhibitors’ in vivo
pharmacokinetics, and anti–PD-1 mAb, which is unlikely to
solely act on T cells, may interact with various host components
(e.g., myeloid cells or macrophages) in the tumor bed.25 We
therefore activated DC-CIK cells using pembrolizumab in vitro
prior to infusion, and inferred that the anti-PD-1 antibodies (at
a lower dose) could conjugate directly with DC-CIK cells and
that this interaction would be more thorough and precise in the
absence of complex interfering factors.

As shown in previous clinical trials, PD-1 signal-blocking
therapies are associated with immune-related AEs, including
serious AEs.17,26 However, these toxicities appear to be less fre-
quent and milder in patients who are treated with pembrolizu-
mab-activated autologous DC-CIK cells. Most of the events
observed in this study, including fever, chills, hepatic
impairment, anemia, leukopenia, thrombocytopenia, and hypo-
thyroidism, were expected, and all were controllable. Drug-
related grade 3 or 4 toxic effects occurred in only 6% of the
patients, and there were no treatment-related deaths, pneumo-
nitis, or inflammatory colitis, suggesting that this therapy can

Figure 5. Cytotoxicity of DC-CIK cells that were derived from patients with advanced RCC. (A and B) The cytolytic activity of non-activated DC-CIK cells or activated DC-CIK
cells in response to their respective autologous tumor cells, which were obtained from two RCC patients (patient 5942 (A) and patient 3435 (B)). E:T Ratio, effector cell to
target cell ratio. (C) Changes in PD-L1 expression on tumor cells were analyzed using flow cytometry in the presence of non-activated DC-CIK cells or activated DC-CIK
cells, as indicated, in patient 5942 (left) and patient 3435 (right). The corresponding mean fluorescence intensity (MFI) of three experiments is shown below the flow
cytometry histogram plot. (D) Flow cytometric analysis of the expression of IFN-g in non-activated DC-CIK cells or activated DC-CIK cells after the cells were co-cultured in
medium or their respective autologous tumor cells. The samples were gated using CD3C cells. Upper panels: patient 5942, lower panels: patient 3435. (E) The percentage
of IFN-g positive cells in three experiments is shown as a bar graph for patient 5942 (upper) and patient 3435 (lower). The data are presented as the mean § SD. (

�
)

P<0.05. (
��) P<0.01, (

���) P<0.001. ns, no significance.
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be conducted in an outpatient setting with minimal supportive
care. The safety and tolerance of patients to our treatment may
result from the administration of autologous DC-CIK cells and
the low dose of PD-1-blocking mAbs we used. Indeed, autolo-
gous CIK/DC-CIK cells can home preferentially to tumor sites
and do not cause more normal tissue impairment, and treat-
ment with these cells (range, 6–15 £ 109) was safe and well tol-
erated in cancer patients.4,27-30 These results reassure us that
inducing a blockade of PD-1 does not significantly increase the
autoimmunity-related cytotoxicity of DC-CIK cells. Second,
after considering immune-related AEs, which are inherent
to the use of immune checkpoint inhibitors, we conducted a
dose-escalation trial of pembrolizumab to select the optimal
dose for activating DC-CIK cells. As shown in Supplementary
Figure S1, pembrolizumab that was administered at a dose of
2 mg per million cells produced a superior increase in DC-CIK-
mediated killing against tumor targets. This dose (10–20 mg
per cycle of infusion) of anti-PD-1 antibodies is far less com-
pared to what was used in other studies, and have little effect
on the disease control.7,26,31 Therefore, we consider that it is the
infusion of the ex vivo pre-activated DC-CIK cells that resulted
in the satisfactory clinical response with less toxicity in the
patients.

The efficacy of ACT requires transferred T cells to persist in
vivo, to home to tumor sites and to present a durable antitumor
response. DC-CIK may represent an ideal cell population for
adoptive immunotherapy. DC-CIK cells have been confirmed
as a heterogeneous cell population, including CD3C CD56C
(NKT cells), CD3CCD56¡ (T cells), and CD3¡CD56C (NK
cells), which could identify the target cells not only through
the TCR and MHC, but also could through the non-MHC
restriction such as NK cell activated receptor.32 They also
express CD4, CD8, TCRab, CD45RA, CD45RO, CD127,
CCR7, CD27, CD28 and CD62 L.33-35 The CD8CCD45ROC
CD62 L- effector memory cell subset could deliver potent cyto-
toxicity for the immediate destruction of tumor cells. The less
potent CD8C CD45ROCCD62 LC central memory cell and
CD8CCD45RAC CD62 LC na€ıve cell subset in the DC-CIK
cell population could proliferate and persist in vivo for a longer
duration and therefore provide a persistent source of cells with
long-term anti-tumor effective.34,35 The antitumor mechanisms
of DC-CIK cells include effector cell-target cell contacts
through binding of the surface adhesion molecules, cell signal-
ing pathway involving the binding and activity of NK-cell
receptors to their ligands, and induction of tumor cell apoptosis
by Fas ligand via the Fas signaling pathway.33 However,
whether there are specific antitumor immune responses during
the DC-CIK cells infusion remain unclear. The potential mech-
anism of the memory cell subset in the cultured DC-CIK cells
could be correlated with the culture conditions or a probable
unidentified antitumor specific immune response against the
tumor-associated antigens. And our frequent infusions of PD-1
blockade-activated DC-CIK cells (1–2 weeks interval between
cycles) may simultaneously enhance the immune response. The
further precise mechanism of how memory cell phenotype aris-
ing will be investigated in the future work.

It is important to consider factors that might improve the
antitumor effect because not all patients were responsive to the
treatment in this study. The accumulated literature shows that

immunotherapies and anti-PD-1 antibodies exert suboptimal
effects in patients with a non-inflamed tumor microenviron-
ment or a compromised immune system.36,37 This data may
support the notion that patients with immunogenic tumors
(e.g., HCC and RCC) are more susceptible to ACT, especially
those that attempt to block immune checkpoints. Another
important factor to predict outcomes may be intratumoral PD-
L1 expression.8,38 However, PD-L1 expression was not detected
on the tumor cells before treatment with activated autologous
DC-CIK cells for patients’ benefit in this phase I clinical trial.
Instead, we collected two RCC specimens from patients who
received palliative resection in our hospital to investigate the
potential predictive factor. In the two RCC patients who
achieved favorable clinical outcomes after activated DC-CIK
cell therapy, PD-L1 expression could not be detected on the
tumor cells before the treatment, whereas it was significantly
up-regulated in co-cultures of tumor and autologous DC-CIK
cells. (Fig. 5C). These results highlight the linkage between PD-
L1 expression and DC-CIK cells, which is thought to be that
cytotoxic DC-CIK cells release cytokines such as INF-g to driv-
ing the up-regulation of PD-L1 that leads to a negative feedback
regulation. Indeed, it is increasingly being recognized that PD-
L1 expression can be adaptively induced by immune responses,
especially IFN-g within the tumor microenvironment.39 These
suggest that PD-L1 expression may dynamically change during
treatment with PD-1 blockade-activated DC-CIK cells. Thus,
the dynamic expression of PD-L1 on the tumor surface but not
PD-L1 expression should be considered a predictive biomarker
of responsiveness to treatment with immunotherapies, PD-1
blockade therapy, or PD-1 blockade-activated DC-CIK cell
treatment, though more adequately powered samples are
needed.

In conclusion, we provide the first data showing that pem-
brolizumab-activated autologous DC-CIK cells have a promis-
ing safety profile and demonstrate an encouraging clinical
response in patients with advanced solid tumors. Therefore,
this study promotes the development of a powerful treatment
option for patients with advanced cancers. A randomized,
phase II trial based on these findings is being planned in
patients with advanced RCC and HCC.

Materials and Methods

Patients

Patients were required to have a documented diagnosis of
advanced HCC, RCC, CRC, NSCLC, bladder cancer, breast
cancer, NPC, or ovarian cancer and to have experienced disease
progression after at least one previous course of tumor-appro-
priate treatment for advanced or metastatic disease. Other
inclusion criteria included stopping any cancer therapy before
enrollment, an age of 18 to 75 years, a life expectancy of greater
than 12 weeks, an Eastern Cooperative Oncology Group
(ECOG) performance status of 0 or 1, adequate organ function,
and lesions that could be evaluated using the Response Evalua-
tion Criteria in Solid Tumors (RECIST) guidelines. The follow-
ing exclusion criteria were applied: previous treatment with
anti-CTLA-4 or anti-PD-1/PD-L1 therapy, any form of pri-
mary immunodeficiency or history of autoimmune disease,
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ongoing systemic infections and concurrent systemic steroid
therapy, and recruitment into other clinical trial. All participat-
ing patients provided informed consent.

Study design and procedures

This single-center, open-label, phase I trial was approved by the
Review Board and Clinical Research Ethics Committee of Sun
Yat-sen University Cancer Center (SYSUCC) and is registered
at www.clinicaltrial.gov. (NCT 02886897). All methods and
procedures associated with this study were conducted in accor-
dance with the Good Clinical Practice guidelines and
accorded ethically with the principles of the Declaration of Hel-
sinki and local laws. All authors had access to the study data
and reviewed and approved the final manuscript.

The enrolled patients received intravenous infusions of pem-
brolizumab-activated autologous DC-CIK cells at the Biother-
apy Center of SYSUCC. All participants received at least 8
cycles of infusions (4 cycles at weekly intervals followed by 4
cycles every 2 weeks) or received cycles until they experienced
disease progression or unacceptable adverse effects or withdrew
consent. Patients with disease progression were taken off of the
study, and they received multidisciplinary synthetic therapy or
were recruited into other clinical trials according to the recom-
mendation by physicians.If the patients had an objective
response or stable disease after treatment, they were viewed as
eligible to receive additional cycles of maintenance treatment
every 2 weeks. The design and procedures used in the clinical
trial are shown in Fig. 1.

Outcome measures

The primary objective was to evaluate the safety and adverse-
event profiles of intravenous infusions of pembrolizumab-acti-
vated autologous DC-CIK cells in the patients. Secondary
objectives included assessments of clinical responses, OS, PFS,
and cytolytic activity. Safety evaluations primarily consisted of
clinical and laboratory abnormalities that were monitored
throughout the study up until two weeks after the last infusion
of activated autologous DC-CIK cells. AEs were evaluated using
the National Cancer Institute Common Toxicity Criteria ver-
sion 4.0. Treatment-related AEs were monitored during the
treatment and observation periods, and the highest observed
grade was recorded for each patient. In each patient, lesions
were evaluated using computed tomography (CT) or magnetic
resonance imaging (MRI) every 12 weeks for up to 1 year, until
disease progression occurred or until the patient was lost to
follow-up. The overall responses were assessed by RECIST ver-
sion 1.1.

Generation of DC-CIK cells and activation by Anti-PD-1
antibodies

Autologous DC-CIK cells were generated according to our pre-
vious report.15 Briefly, when a routine blood examination
revealed a return to normal conditions, 50–60 ml of heparin-
ized peripheral blood was obtained from each patient over a 2-
week period. Peripheral blood mononuclear cells (PBMCs)
were separated using Ficoll-Hypaque gradient centrifugation.

The cells were cultured in X-VIVO 15 containing 2% autolo-
gous serum and allowed to adhere for 1 h. The suspended cells
were then collected and induced to become CIK cells using
1000 U/ml rhIFN-g for the first 24 h followed by stimulation
with 100 ng/ml OKT-3, 1000 U/ml rhIL-2 and 100 U/ml IL-1a.
The adherent cells were cultured using DC medium (X-VIVO
15 serum-free medium supplemented with 1000 U/ml GM-
CSF and 30 ng/ml IL-4). On the sixth day, another 10 ng/ml of
TNF-a was added to the DCs to induce maturation. On the
next day, the CIK cells were mixed with DCs (DC-DIK cells) at
a ratio of 20:1 and cultured in fresh medium containing 1000
U/ml rhIL-2 for another 7 days. At 14 days, the DC-CIK cells
were harvested, and their number, viability, and phenotype and
whether they were contaminated were analyzed. Before the
DC-CIK cells were transferred to patients, they were incubated
with pembrolizumab (2 mg/106cells) for 30–40 min in a 37℃
thermostat to allow the antibodies to bind to the DC-CIK cells.
Pembrolizumab (Merck & Co., Inc.) is a humanized IgG4 anti-
PD-1 monoclonal antibody that binds to PD-1 to prevent it
from engaging with PD-L1 or PD-L2. It thereby enhances the
antitumor activity of T cells. All of the drugs used in this trial
were identically packaged.

Immunophenotyping

The phenotypes of the DC-CIK cells were characterized using
flow cytometry with anti-CD3, -CD4, -CD8, -CD56, -PD-1,
-CD62 L, -CD45RA, and -CD45RO monoclonal antibodies, all
which were obtained from BD Biosciences (San Diego, CA,
USA). The number of labeled cells was measured using an
FC500 flow cytometer, and the obtained data were analyzed
using CXP software (Beckman Coulter).

Cytotoxicity assays

The cytotoxic specificity of the DC-CIK cells obtained from two
RCC patients was analyzed using an impedance-based tumor
cell killing assay (xCELLigence) as previously described.40,41

The effector cells in these tests were DC-CIK cells that were
blocked with or without anti-PD-1 antibodies (pembrolizu-
mab), and the target cells were autologous tumor cells that
were separated from surgically resected tissues obtained from
the patients and cultured in RPMI-1640 medium containing
10% fetal bovine serum and 1% penicillin-streptomycin. Cyto-
toxicity was quantified after the effector and target cells were
co-incubated for 24 h. To evaluate the reactivity between the
DC-CIK cells and autologous tumor cells and the checkpoint
ligands expressed by tumor cells before and after co-incubation,
we measured the expression of IFN-g in DC-CIK cells and
PD-L1 on tumor cells using flow cytometry with anti-IFN-g
and PD-L1 antibodies (BD Biosciences), respectively.

Statistical analysis

All statistical analyses were conducted using SPSS 20.0 or
GraphPad Prism 5 software. Descriptive statistics were used to
summarize the patient characteristics, treatment-related AEs,
overall responses and DC-CIK cell phenotypes. The Mann–
Whitney U-test was used to compare continuous variables, and
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Fisher’s exact test was used for categorical variables between
groups. Survival rates were calculated using the Kaplan–Meier
method. Overall survival (OS) was defined from the date of first
treatment to the date of death resulting from any cause or the
date of last follow-up. Progression-free survival (PFS) was cal-
culated from the time of first treatment to the time of first dis-
ease progression or last follow-up. A difference of p <0.05 was
considered statistically significant in all the analyses.

Abbreviations

AFP alpha fetoprotein
AE adverse event
CAR chimeric antigen receptor
CIK cytokine-induced killer
CR complete response
CT computed tomography
CRC colorectal cancer
DC dendritic cells
DC-CIK CIK cells are stimulated using mature DCs
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ECOG Eastern Cooperative Oncology Group
HCC hepatocellular carcinoma
MRI magnetic resonance imaging
NSCLC non–small-cell lung cancer
NPC nasopharyngeal carcinoma
OS overall survival
PD-1 programmed death-1
PFS progression-free survival
PR partial response
RR response rate
RFA radiofrequency ablation
RCC renal cell cancer
RECIST Response Evaluation Criteria in Solid Tumors
TACE transarterial chemoembolization
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