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ABSTRACT
Purpose: Although local oncolytic viral therapy (OVT) may enhance tumor lysis, antigen release, and
adaptive immune responses, systemic antitumor responses post-therapy are limited. Adoptive
immunotherapy with autologous dendritic cells (DC) and cytokine-induced killer cells (DC–CIK) synergizes
with systemic therapies. We hypothesized that OVT with Herpes Simplex Virus-granulocyte macrophage-
colony-stimulating factor (HSV-GM-CSF) would induce adaptive T cell responses that could be expanded
systemically with sequential DC–CIK therapy.

Patients and Methods: We performed a pilot study of intratumoral HSV-GM-CSF OVT followed by
autologous DC–CIK cell therapy. In addition to safety and clinical endpoints, we monitored adaptive T cell
responses by quantifying T cell receptor (TCR) populations in pre-oncolytic therapy, post-oncolytic
therapy, and after DC–CIK therapy.

Results: Nine patients with advanced malignancy were treated with OVT (OrienX010), of whom seven
experienced stable disease (SD). Five of the OVT treated patients underwent leukapheresis, generation,
and delivery of DC–CIKs, and two had SD, whereas three progressed. T cell receptor sequencing of TCR b
sequences one month after OVT therapy demonstrates a dynamic TCR repertoire in response to OVT
therapy in the majority of patients with the systematic expansion of multiple T cell clone populations
following DC–CIK therapy. This treatment was well tolerated and long-term event free and overall survival
was observed in six of the nine patients.

Conclusions: Strategies inducing the local activation of tumor-specific immune responses can be
combined with adoptive cellular therapies to expand the adaptive T cell responses systemically and
further studies are warranted.
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Introduction

Tumor cells demonstrate both impaired antiviral immune
responses and higher permissiveness for viral replication.1,2

Oncolytic viral therapy (OVT) utilizes the selective replication
of viruses in cancer cells to lyse tumor cells and release tumor
antigens, while leaving normal tissue unaffected.3,4 OVT repre-
sents an emerging therapeutic modality that has achieved
tumor regression in clinical trials.5 The US Food and Drug
Administration (FDA) recently approved an OVT, Imlygic
(talimogene laherparepvec or T-vec), for the treatment of
advanced melanoma6 following the phase III OPTiM trial that
demonstrated an improvement in durable response rates with a
tolerable safety profile in patients receiving T-vec.7

OVT induces a local inflammatory response within the
tumor and tumor antigen release primes tumor adaptive
immunity, acting as an in situ vaccine. Although specific adap-
tive antitumor responses, often CD8C T cell-mediated7,8 are
induced, these responses have been limited compared with the

immune responses within the injected tumor.9 In addition,
analysis of non-injected tumors in patients who have under-
gone OVT injection of a target lesion has demonstrated a less
robust immune response compared with the immune response
found in the injected lesion.9 Methods to boost the systemic
immune responses to OVT are being investigated, including
combinations with other immune therapies, such as immune
checkpoint inhibitors.10

Alternatives to systemic immune modulators may include
adoptive transfer of autologous cellular therapies. In consid-
ering potential cellular therapies to modulate the systemic
immune environment, it has been demonstrated that when
OVTs expressing granulocyte macrophage-colony-stimulat-
ing factor (GM-CSF) are injected into tumors, such therapy
both attracts and matures dendritic cells (DC).11 DC are
potent antigen-presenting cells, promoting the generation of
tumor antigen-specific helper and cytotoxic T cells, induc-
ing antitumor immune responses.12-15 Ex vivo and in vivo
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experimental evidence has demonstrated that cytokine-
induced killer (CIK) cells generated with a “cytokine cock-
tail”16,17 result in CIK cells with a high level of cytotoxic
activity in a broad range of tumor cell lines, supporting
their use for adoptive immunotherapy and have yielded
encouraging results.18-20 It is hypothesized that the tumor-
specific cellular components of CIK therapy may be respon-
sible for the clinical benefits observed in some cancer
patients who receive this therapy.21 Co-culture of CIK with
cytokine producing DCs has elicited an increase in the anti-
tumor activity of CIK cells.22 Thus, the combination of DCs
and CIKs (DC–CIK) can lead to an increase in cytotoxic
activity, more effective than either treatment alone,23 and
have demonstrated encouraging clinical signals supporting
investigation in a variety of malignancies.24,25

For this study, we used the oncolytic Herpes Simplex
Virus (HSV) expressing GM-CSF (OrienX010), which was
developed by OrienGene Biotechnology Ltd. The virus is
based on the HSV-1 CL1 strain, which was isolated from a
Chinese patient’s mouth. For reference, we would point out
that T-vec is based on the HSV-a strain JS-1. The genes
encoding ICP34.5 (both copies) and ICP47 have been
completely deleted, and the inactivated gene encoding ICP6
is inserted. The gene encoding human GM-CSF replaces the
ICP34.5-encoding sequences.31

We hypothesized that DCs combined with cytokine-induced
killer cells (DC–CIK) could expand the adaptive immune
response induced by OVT. We, therefore, evaluated the antitu-
mor and immunologic activity of a recombinant herpes simplex
virus expressing human granulocyte macrophage colony stimu-
lating factor (HSV-GM-CSF or OrienX010), given at three dif-
ferent dose levels in patients with metastatic cancer. In a subset
of treated patients, OVT was followed by DC–CIK therapy.
The clinical study was designed to assess the safety, clinical
benefit, and immunologic activity of this sequential immuno-
therapy regimen in patients with measurable or evaluable meta-
static cancer.

Results

Patient characteristics

From May 2013 to May 2014, nine total patients were enrolled
in the OrienX010 Phase 1 dose escalation trial at the Capital
Medical University Cancer Center, Beijing, China. Patients
were required to provide informed written consent in order to
participate in this trial. Patients who had residual tumor after
receiving OrienX010 were then eligible to receive additional
immunotherapy with DC–CIK, if they had either clinically pro-
gressed after receiving OrienX010, or had no further standard
therapeutic options after receiving the OrienX010. The demo-
graphics for the enrolled patients are listed in Table 1. The
patients enrolled in this trial had the following tumor types:
breast carcinoma (2), head and neck squamous cell carcinoma
(1), melanoma (2), GIST of the small intestine (1), rectal carci-
noma (2), and malignant thyroid (1). Of the patients enrolled
in this trial, only the patient with malignant thymoma had not
received prior therapy. Eight of the patients had undergone
prior systemic therapy for their malignancy, as reviewed in

Table S2. All nine patients completed all planned treatment(s)
with OrienX010.

Five patients were consented for sequential DC–CIK ther-
apy, one from the dose level 1 cohort, one from the dose level 2
cohort, and all three patients from the dose level 3 cohort. The
time between the completion of OrienX010 and the initiation
of DC–CIK therapy ranged from 1.5 to 11.6 mo. Patients who
received sequential DC–CIK therapy received 1–3 cycles of
DC–CIK therapy with doses ranging from 4.0 £ 108 up to
2.6 £ 109.

Gene copy and GM-CSF RNA analysis

In cohort 1 of OrienX010, post-injection serum from each
patient was positive for OrienX010 gene copies. For the patients
in the 2nd and 3rd cohorts who underwent multiple OrienX010
injections, post-injection serum from four of six patients were
positive for the presence of OrienX010 gene copies. Quantifica-
tion of GM-CSF RNA from fine needle aspirates (FNAs) of
injected tumors demonstrated no difference in the presence of
intratumoral GM-CSF RNA between pre- and post-OrienX010
treatment.

ELISA for anti-HSV-1 antibodies

In this study, a total of seven patients treated with the Ori-
enX010 injections demonstrated an elevation in the amount of
anti-HSV-1 antibody post-OrienX010 injection compared with
pre-OrienX010 treatments. In cohort 1, all three patients
treated in this cohort demonstrated an increase in anti-HSV-1
antibodies. In the 2nd and 3rd cohorts, two patients from each
cohort demonstrated an increase in anti-HSV-1 antibodies.

Flow cytometry analysis

Flow cytometric analysis was performed on peripheral blood
mononuclear cells (PBMCs) from peripheral blood obtained
pre- and post-OrienX010 as well as pre-DC–CIK therapy
and post each cycle of DC–CIK therapy. Flow analysis was
done for the following cellular populations: CD3C,

Table 1. Study of patient demographics in dose escalation of OrienX010.

Demographic Number Percentage

Age (years)
Median 56
Range 25–70
Sex
Male 5 56
Female 4 44

Race
Asian 9 100

Diagnosis
Breast cancer 2 22
Malignant thymoma 1 11
Melanoma 2 22
Rectal cancer 2 22
GIST 1 11
Squamous cell carcinoma 1 11

Prior therapy lines of systemic therapy
Median 2
Range 0–10
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CD3CCD4C, CD3CCD8C, CD4CCD25CCD127low/¡,
CD8CCD28C, CD3-CD19C, CD3-CD16CCD56C, and the
CD4C/CD8C ratio. This analysis revealed no differences in
the frequencies of the peripheral immune cell populations
interrogated by flow at each of the above time points in
this study.

Serology

Serum from six of the nine patients was antinuclear antibody
(ANA) negative in both the pre- and post-OrienX010 injec-
tions. Serum from the three remaining patients (501, 603, and
604) demonstrated a positive ANA with a titer of >1:100 (posi-
tive ANA for this study was �1:100).

Toxicities OrienX010

The OrienX010 treatments of 4 £ 108 (pfu) £ 1 injection (dose
level 1), 1 £ 108 (pfu) £ 3 injections (dose level 2), and 4 £ 108

(pfu) £ 3 injections (dose level 3) were all well tolerated with
no dose limiting toxicity. The maximal tolerated dose was not
reached in this trial. Table 2 illustrates the breakdown of
adverse events (AEs) observed in the OrienX010 trial. There
were no Grade 3 or greater AEs. Common AEs (occurring
�20%) included fever (Grade 1–2), injection site pain (Grade
1–2), and fatigue (Grade 1–2). The remainder of the AEs were
Grade 1 or 2, of these AEs, those felt related to the treatment
were: fever and pain at injection site (definite), tachycardia,
hematuria, AV block, GGT increase, insomnia, constipation,
diabetes, ecchymosis, and leukopenia (possible).

Toxicity—DC–CIK therapy

Overall, the DC–CIK therapy was well tolerated with only mild
AEs. These AEs included mild transient fevers and chills. No
Grade 3 or higher adverse events were experienced with the
DC–CIK infusions and the observed AEs were similar to those
we have previously published.20

Clinical outcomes: OrienX010 therapy

Overall, the clinical response to OrienX010 therapy across all
dose levels included: seven patients with stable disease (SD)
and two patients with progressive disease (PD). The Kaplan–
Meier curves for progression free survival (PFS) and overall
survival (OS) for the OrienX010 dose escalation trial are illus-
trated in Fig. 1A. The median PFS was 16.6 mo for all patients
enrolled in the OrienX010 trial. The median OS has not yet
been met in this trial after a median follow-up of 29.4 mo.

In the OrienX010 dose level 1 cohort, there were three
patients with SD. Radiographically, there was demonstration of
tumor necrosis in the injected tumor from one cohort 1 patient
after OrienX010. In the dose level 2 cohort, there were two
patients with SD and one patient with PD. In the dose level 3
cohort, there were two patients with SD and one patient with
PD.

Patients who did not progress while on study were followed
after completion of the study for evaluation of the duration of
clinical response. No patients died while undergoing treatment
on this study. During follow-up one patient in the dose level 1
cohort and two patients in the dose level 2 cohort have died.

Clinical outcomes: DC–CIK therapy

Five patients from the original nine patients enrolled in the
OrienX010 trial went on to receive DC–CIK therapy. These
patients included: one patient from OrienX010 dose level 1,
one patient from dose level 2, and all three patients from dose
level 3. The Kaplan–Meier curves for PFS and OS for the DC–
CIK expansion cohort trial are illustrated in Fig. 1B. The
median PFS from first dose of DC–CIK therapy was 15.3 mo
for all patients enrolled in the DC–CIK therapy trial. The
median OS has not yet been met in this trial after a median fol-
low-up of 26.8 mo.

Clinical evaluation of the best response in the OrienX010
previously treated metastatic lesions in these five patients after
treatment with DC–CIK demonstrated one partial response

Table 2. Summary of adverse events and grade in OrienX010 vaccination dose escalation study.

Single dose: 4 £ 108 Pfu Multiple dose: 1 £ 108 Pfu Multiple dose: 4 £ 108 Pfu

Body system/adverse events Grade 1/2 Grade 3/4 Grade 1/2 Grade 3/4 Grade 1/2 Grade 3/4

Blood and lymphatic system disorders
Leukopenia 0 0 1 0 0 0
Cardiovascular disorders
Tachycardia 2 0 1 0 0 0
Atrioventricular block 1 0 0 0 0 0
Endocrine disorders
Hyperglycemia 0 0 1 0 0 0
Gastrointestinal disorders
GGT increase 1 0 0 0 0 0
Constipation 0 0 0 0 1 0
Genitourinary disorders
Hematuria 0 0 2 0 0 0
General disorders and administration site conditions
Fever 2 0 3 0 3 0
Pain (at injection site) 1 0 0 0 3 0
Psychiatric disorders
Insomnia 0 0 1 0 0 0
Skin and subcutaneous tissue disorders
Purpura 0 0 0 0 1 0
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(PR), two SD, and two PD. The responses for each patient
treated with the DC–CIK are now summarized. For the one
patient from OrienX010 dose level 1, computed tomography
(CT) imaging after OrienX010 treatment revealed overall SD
(Fig. 2. A: submandibular mass pre-OrienX010: 2.5 cm £
2.0 cm and B: post-OrienX010: 2.1 cm £ 2.1 cm). CT imaging
after two cycles of DC–CIK therapy revealed overall SD with
partial necrosis in the OrienX010 treated metastatic lesion,
with no change in the size or diameter of this lesion. Repeat
imaging for this patient after the final DC–CIK therapy
revealed SD (Fig. 2C: post-DC–CIK therapy: 2.1 cm £
2.0 cm).

For the first patient from OrienX010 dose level 3, repeat
staging after three doses of OrienX010 revealed SD (Fig. 2D:
mediastinal mass pre-OrienX010: 8.3 cm £ 6.7 cm and E: post-
OrienX010: 8.6 cm £ 7.5 cm). Repeat imaging after two cycles
of DC–CIK therapy revealed overall SD in the OrienX010
treated mediastinal lesion by contrast CT scanning, with no
change in the size or diameter but with apparent necrosis of
this previously OrienX010 treated metastatic lesion (Fig. 2F:
mediastinal mass post-DC–CIK therapy: 8.6 cm £ 7.0 cm).

For the third patient from OrienX010 dose level 3, repeat
staging after three doses of OrienX010 revealed SD (Fig. 2G:
right breast lesion pre-OrienX010: 9.7 cm £ 1.3 cm and H:
post-OrienX010: 7.6 cm £ 2.4 cm). CT imaging after one
cycle of DC–CIK therapy revealed overall PR with evidence of
necrosis and decrease in size in the previously OrienX010
treated lesion (Fig. 2I: right breast lesion post-DC–CIK ther-
apy: 5.0 cm £ 1.3 cm).

Evaluation of adaptive T cell responses: TCR sequencing
analysis

To characterize response to therapy, we evaluated the clonal
diversity of each patient’s T-cell repertoire over time by serial T
cell receptor (TCR) sequencing. As represented in Fig. 3A
(Patient 401), colored bars reflect clone populations expanding
and contracting over time; purple clones are present in the
baseline sample and continue to be found in future samples,
the orange fraction appears after OrienX010 injection, green
clones first appear prior to DC–CIK therapy, and blue clones
expand after DC–CIK treatment. For those patients who do not

Figure 1. (A) Kaplan–Meier curves for progression free survival and overall survival for the OrienX010 dose escalation trial. The median PFS was 16.3 mo (497 d). Median
OS has not been met. (B) Kaplan–Meier curves for progression free survival and overall survival for the DC–CIK therapy expansion trial. The median PFS was 9.9 mo (301
d). Median OS has not been met.
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Figure 2. (A) Metastatic melanoma baseline CT of right submandibular (SM) met pre-OrienX010, (B) SM met post-OrienX010, and (C) SM met s/p after three cycles of DC
-CIK therapy. (D) Malignant thymoma baseline CT of mediastinal mass (MM) pre-OrienX010, (E) MM after OrienX010, and (F) MM after two cycles of DC -CIK therapy. (G)
Metastatic breast cancer baseline CT of left breast (LB) mass before OrienX010, (H) LB mass after OrienX010, and (I) LB mass after one cycle of DC -CIK therapy.

Figure 3. Clone populations in TCR b repertoires. (A) Schema for patient 401 tracks clone populations over time and b/w OrienX010 and DC–CIK treatments: purple clones
first appear in the baseline sample, orange in the post-ORIEN sample, green in the pre-DC–CIK, and blue in the post-DC–CIK. (B) Patients 401, 506, 602, 603, and 604
received both OrienX010 and DC–CIK therapy, whereas patients 402, 403, 501, and 504 received OrienX010 only.
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receive DC–CIK therapy, we cannot identify green and blue
clone subsets. The gray subsets reflect clones that were sample
specific.

We represented serial repertoire sequencing for all patients
in Fig. 3B where the bars reflect the relative frequency of
patient-specific clone populations. In general, we note that the
TCR b usage from peripheral blood samples from all patients
characterizes a significant population of T cells pre-therapy as
demonstrated by the purple region of the top bars. This base-
line oligoclonal population is often expanded to represent a
greater proportion of T cells following the OVT as shown by
the expanded purple region in the second bars. This expansion
either consists solely of the pre-existing clones (purple) or an
expansion of a new set of clones as represented by the orange
and green bars. These new clones may represent antigen
spreading of the adaptive immune response in some patients.

Evaluation of clones immediately after the oncolytic therapy
or immediately before DC-CIK therapy (the third bars) demon-
strate that the DC–CIK therapies, as expected, tend to maintain
expanded clonal populations. Of interest, we note that patients
that had SD tended to have an increase in their pre-existing
clonal population following OVT or the induction of new
clones as demonstrated in patients 401, 506, 602, 604, 402, 403,
and 501.

Patient 401 had SD, and the post-OrienX010 TCR usages
represents a highly divergent sample compared with baseline in
clonotypes with only 8.9% (732 of 23,906 clones) present in
both samples as represented by the purple bars. Although the
baseline AA TCR b sequencing demonstrated 13,521 unique
clones, the post-OrienX010 TCR b AA sequencing demon-
strated 23,906 unique clones, suggesting an expansion of differ-
ent T cells post-therapy. Between these two samples there was
conservation of »700 clones. In the post-OrienX010 sample a
new TCR b population appears (orange bar). Interestingly, an
increase in PBMC clonality is then seen in the follow-up sam-
ple, labeled pre-DC–CIK, with even fewer clones (58 clones),
while a new population of TCR b clones appear at this time
point as represented by a green bar. Of interest, is that follow-
ing DC–CIK therapy, the original TCR clones represented by
the purple and orange bars are present in the PBMC and main-
tained through post-DC–CIK therapy.

Analysis of the TCR usage from another patient with SD on
OrienX010, Patient 506, demonstrates a population of T cells
using TCR b sequences, represented by the purple bar, which is
maintained as a dominant population throughout therapy.
Nonetheless, expansion of an additional set of T cells using
another set of TCR b sequences (orange bar) is noted after Ori-
enX010 therapy, which then expanded to an additional set of
TCR b sequences (green bar). All are maintained following
DC–CIK therapy.

We note that in patient 504 (metastatic melanoma), there
was only a minimal expansion post-OVT of their dominant
clone and they had disease progression. In addition, patient
603 (rectal cancer) demonstrated contraction of their pre-exist-
ing dominant clone with limited antigen spreading and also
had PD.

In evaluating the TCR b samples from the study, which
includes significant heterogeneity of tumor types and a small
number of patients with various HLA types, there were no

unique consensus T cell populations identified from very high-
level summaries of clone populations. In regards to specific
clones elicited in the study, our analysis demonstrates that there
are 12,244 unique clones across all nine patients (purple clones
only—so they have to appear in at least two samples). Of these,
77 appear in more than one person (maximum one clone is
found in six patients, the AA sequence for this clone is
AWGQENTEAF).

Discussion

Approved therapies for metastatic disease remain non-curative
for most solid tumors. Thus, new therapeutic approaches to
elicit tumor cell death and/or induce protective host antitumor
immunity are attractive alternatives. Recently, the HSV-1 OVT,
T-vec, was FDA approved for unresectable melanoma, based
on the results from the OPTiM trial demonstrating a higher
durable response rate (CRCPR lasting >6 mo) and a trend to
longer median OS.7 OVT takes advantage of the abnormal
immune environment of the tumor leading to tumor lysis and
release of tumor-specific antigens, which may elicit adaptive
host immunity to these tumor-specific antigens.

Based on this concept, we performed a dose escalation study
of the HSV1 based OVT, OrienX010 which also expresses GM-
CSF to augment antigen presentation by the recruitment of
DCs. OrienX010 was well tolerated with no dose limiting toxic-
ities. Adverse events were Grades 1 and 2 only and maximum
tolerated dose (MTD) was not reached with OrienX010 dose
titration. In our exploratory analysis of the biologic assays in
this study, serum analysis revealed that seven of the nine trial
patients demonstrated an increase in anti-HSV antibodies after
OrienX010 therapy, supporting a systemic immune response to
OrienX010 (data not shown). In evaluating the OrienX010
gene copies in the post-injection blood samples, seven of the
nine patients’ post-OrienX010 blood samples demonstrated
presence of these gene copies (data not shown). One curious
finding was that there was no change in the GM-CSF RNA in
either the injected tumors or the peripheral blood in the pre-
and post-OrienX010 samples. We believe that this is due to the
fact that the duration of the GM-CSF RNA is brief and check-
ing RNA levels at earlier time points may have revealed its
presence.

Systemic responses have previously been demonstrated fol-
lowing local oncolytic therapies, such as Tvec, but this has been
in a minority of treated patients.26 Our exploratory analysis of
phenotypic changes in circulating T-cell subpopulations did
not demonstrate significant changes in Treg, activated CTLs,
activated B cells, or NK cells in the peripheral blood after ther-
apy with OrienX010 (data not shown). Ex vivo and in vivo
experimental evidence has shown that CIK cells generated with
a “cytokine cocktail”16,17 resulting in CIK cells with a high level
of cytotoxic activity in a broad range of tumor cell lines18 and
co-culture with DCs has elicited an increase in the antitumor
activity of CIK cells.22 Thus, the combination of DCs and CIKs
can lead to an increase in cytotoxic activity, more effective than
either treatment alone,23 and have demonstrated encouraging
clinical signals supporting investigation in a variety of malig-
nancies.24,25 Therefore, in five patients with PD, residual tumor,
or no therapeutic alternatives following OrienX010, we offered
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additional immunotherapy with autologous DC–CIK. Of the
patients who went on to receive DC–CIK therapy, two patients
had SD, whereas three progressed after receiving OrienX010.
The adverse events noted in the patients who received the DC–
CIK therapy were similar to what has been previously reported
by our group and others.13,14

In this pilot study, we were encouraged by evidence that
adaptive response to treatment were demonstrated locally as
well as systemically. Based on TCR analysis of PBMC, we noted
that the majority of patients expanded their pre-existing T cell
clones, or develop a new clonal population in their post-
OrienX010 samples, suggesting that the OVT resulted in the
expansion of tumor-specific populations of activated T cells. Of
interest, was these antigen-specific populations, quantified by
the genetic signature of the TCR sequences, were maintained
through the DC–CIK therapy.

Two patients, the single patient from OrienX010 dose level 1
and the first patient from OrienX010 dose level 3, developed a
significant, but transient population of unique T-cell clones
that expanded prior to DC–CIK therapy, and both of these
patients had clinical benefit following both OVT and DC–CIK
therapy, suggesting that the adaptive T cell responses to addi-
tional antigens were elicited, and expanded systemically to pro-
vide clinical benefit. Although the specific antigens recognized
by these novel T cells populations have yet to be determined, it
suggests that recognition of multiple antigens, and expansion
of multiple T cells clones may be of benefit. Of note, it has been
previously demonstrated that patients who developed an
expansion of T cell clones in response to anti-PD-1 therapy, as
determined by TCR sequencing, were the most likely to dem-
onstrate a clinical response to treatment.27 Because of the small
sample size, and the heterogeneity of tumor types, our current
evaluation of the TCR usage from pre- and post- therapy
PBMC samples has not demonstrated any common clonal
populations.

In regards to specific clones elicited in the study, our analysis
demonstrates that there were 12,244 new unique clones across
all nine patients (purple clones only—so they have to appear in
at least two samples). Of these, only 77 appear in more than
one person and one clone found in six patients—(AWGQEN-
TEAF). These new T cell clones may represent the activity of
new clones responding to antigens released from lysed tumor
cells following viral oncolytic therapy. We also expect that a
proportion of these new clones may represent adaptive anti-
viral T cell clones in response to the modified HSV utilized in
the OrienX010 oncolytic therapy. Unfortunately, correlative
studies (such as tetramer sorting or ELISPOT) to identify T cell
populations specific for HSV antigens was unable to be per-
formed as all of the peripheral blood samples had been depleted
by the time TCR analysis of the peripheral blood T cell reper-
toire was completed. In future studies, we will plan to collect
PMBC specifically for the purpose of HSV-specific ELISPOT
assays. Of the seven patients with SD in the OrienX010 dose
escalation trial, six demonstrated an increase in T cell clonality
by TCR sequencing analysis. In the DC–CIK expansion cohort
the one patient with a PR demonstrated an increase in TCR
clonality during the DC–CIK therapy (Table S1).

Although a pilot study, we did measure clinical outcomes.
We did find a median PFS of 16.6 mo from the first dose of

OrienX010 therapy in all patients. At a median of 29.4 mo of
follow-up, the median OS has not been met among all patients
who received OrienX010. The median PFS from first dose of
DC–CIK therapy was 15.3 mo for all patients enrolled in the
sequential DC–CIK therapy trial. The median OS has also not
yet been met in this portion of the trial after a median follow-
up of 26.8 mo.

In this study, we have demonstrated that OVT can induce
increased T cell clonality, likely through the resulting tumor
antigen release during tumor lysis. In those patients who
received additional adoptive immunotherapy, we also demon-
strate that circulating T cell clones are maintained or expanded,
suggesting this may be a marker of immune mediated systemic
therapeutic response. Future studies are planned investigating
the role of instituting check-point inhibitors to further augment
the induced therapeutic clonal T cell populations and pheno-
typic analysis at later time points to identify T cell populations
being expanded.

Methods

Patient selection

Patients were required to provide informed written consent in
order to participate in this study under a protocol approved by
the Beijing Shijitan Hospital Ethics Committee. Enrollment
requirements were of age 18–70 y, advanced solid tumors hav-
ing relapsed or failed standard therapy or advanced solid tumor
type lacking effective first line therapy, ECOG status of 0–2,
estimated survival of >3 mo, at least 4 weeks since exposure to
chemotherapy or radiotherapy, and at least 6 weeks since expo-
sure to nitrosoureas or mitomycin C. Exclusion criteria
included untreated primary or metastatic CNS disease, ade-
quate size of tumor allowing for injection of OrienX010, and
serious concurrent illness. Disease lesions were considered can-
didate lesions if amenable to OrienX010 injection under direct
visualization or ultrasound guidance with priority given to
larger lesions. The volume of OrienX010 injected was based on
the diameter of the target lesion (�1.5 cm, up to 1 mL; >1.5 to
� 2.5 cm, up to 2 mL; >2.5 cm, up to 5 mL).

Study treatment and monitoring: OrienX010

In the dose escalation phase of testing OrienX010 in these
advanced solid tumors, three dose levels of OrienX010 were
selected, each dose level enrolled three patients. The starting
dose of 4 £ 108 (pfu) was chosen based on a previous study of
OrienX010, with demonstrated safety and tolerability of single
intratumoral doses from 1 £ 106 to 1 £ 108 (pfu). In our study,
dose level 1, 4 £ 108 (pfu) of OrienX010 was administered by
one injection into the selected tumor. In dose levels 2 and 3,
either 1 £ 108 (pfu) or 4 £ 108 (pfu), respectively, of Ori-
enX010 was administered by intratumoral injection into the
selected tumor every 2 weeks for three treatments (see Fig. S1).

Clinical tumor evaluations were conducted at baseline (days
¡7 to ¡1) in all cohorts and on day 28 in the dose level one
cohort (e.g., week 4) and on day 57 in the dose level two and
three cohorts. Tumor responses were evaluated by contrasted
CT scan and/or magnetic resonance imaging (MRI) at baseline

ONCOIMMUNOLOGY e1264563-7



and after completion of treatment to evaluate for complete
response (CR), PR, SD, or PD according to RECIST criteria
version 1.1.

Study treatment and monitoring: DC–CIK therapy

Patients with residual tumor after completing the dose escala-
tion trial of OrienX010 were eligible for sequential therapy with
DC–CIK therapy, in addition they had to have either clinically
progressed after receiving OrienX010 or had no further stan-
dard therapeutic options after receiving the OrienX010. Eligible
patients for this sequential therapy underwent 1–3 cycles of
DC–CIK immunotherapy as sequential immunotherapy with
each cycle of DC–CIK therapy consisting of DC–CIK dosing
on days 1, 3, and 5 (§1) of each cycle. Dosing of DC–CIK was
patient dependent.

Clinical tumor evaluation was conducted at baseline prior to
infusion of the DC–CIK therapy and after the first cycle of ther-
apy or after completion of the DC–CIK therapy. Tumor
responses were evaluated by CT and/or MRI for CR, PR, SD, or
PD, according to the RECIST criteria version 1.1.

Generation and characterization of DC–CIK cells

Mononuclear cells were harvested from peripheral blood and
expanded in vitro. For the induction of DC–CIKs, mobilization
of PBMC was performed with SQ injection of GM-CSF 5 mcg/
kg per day (Chugai Pharm Co. Ltd., Japan) to patients until the
level of mononuclear cells reached 1.5 £ 109/L. Then, PBMCs
were separated by a COBE Spectra cell separator (COBE BCT,
Lakewood, CO, USA) until CD34C reaching � 4.5 £ 106/kg.
Then, 40 mL of the apheresis product was co-cultured for 7 d
with IL-4 (1,000 U/mL; R&D Systems, Inc., Minneapolis, MN),
TNF-a (20 ng/mL; R&D Systems, Inc., Minneapolis, MN) and
GM-CSF (800 U/mL; Amoytop Biotech Co., Ltd., Xiamen,
China) in vitro to generate autologous DCs.

Mononuclear cells were separated by gradient centrifugation
and activated in vitro with the recombinant cytokines IL-2 at
1,000 U/mL (Boehringer Mannheim, Germany), IFNg at 1,000
U/mL (Boehringer Mannheim, Germany) and CD3 antibody at
1.7 mL/mL (Boehringer Mannheim, Germany) for 7–10 d.

The phenotypes of DCs (CD80, CD86, HLA-DR, CD1a, and
CD11c) were detected by flow cytometry method, whereas
CIKs were detected by CD3 and CD56. The proportion of
CD80C plus CD86C cells reached greater than 80% among the
cultured cells in the autologous DC-specific cultures. The cul-
tured autologous DCs were then mixed with cultured CIKs at a
proportion of 1:100, and then DC–CIK were harvested for
intravenously administration to patients.

For the five patients who received DC–CIK therapy (401,
506, 602, 603, and 604), an average of 1.7 1§ 0.66 £ 109 of
induced cells (combined preparation of DC and CIK cells)
were infused each time.

Biological sample collection

In patients enrolled in the OrienX010 study, peripheral blood
was collected at various time points pre- and post-therapy. In
the single injection cohorts, peripheral blood was obtained at

baseline and then post-OrienX010 injection at sequential time
points. For multiple injections subjects, the blood sampling
protocol were the same but with additional sampling at time
points post-therapy. The presence of anti- HSV-1 antibodies
pre- and post-OrienX010 therapy was evaluated using these
samples. The plasma concentrations of these antibodies were
determined using sandwich enzyme immunoassay kits from
Boster Biological Technology (Wuhan, China) for HSV1 as
previously described.28

In the OrienX010 single dose injection group: blood for Ori-
enX010 gene copies was obtained at baseline, day 1, 1 h, 2 h,
4 h, 8 h, 24 h, 48 h, day 5, day 8, day 15, day, 22, and day 29 for
12 time points. For the subjects receiving multiple OrienX010
injections, the protocol was the same as the single injection
with 10 additional time points gene copy analysis. For the mul-
tiple injection cohorts these time points were: baseline, day 1,
1 h, 2 h, 4 h, 8 h, 24 h, 48 h, day 5, day 8, day 14 (pre-2nd injec-
tion), day 28 (pre-3rd injection), day 29 1 h, 2 h, 4 h, 8 h, 24 h,
48 h, day 33, day 36, day 43, and day 57 for 22 time points.

GM-CSF Gene copy (by RT-PCR) was obtained by FNA
from the injected tumors at baseline and at 48 h after Ori-
enX010 treatment (including after each treatment for patients
receiving multiple doses). Blood concentration of GM-CSF pro-
tein levels was evaluated from peripheral blood samples drawn
day 8 and weekly through day 29 to compare the baseline gene
copy and blood concentration of GM-CSF protein levels with
later time points.

Serum ANA levels were detected by indirect fluorescent
antibody (IFA) using HEp-2 cells as a substrate (Euroimmun,
Germany), as per manufacturer’s instructions. We defined pos-
itive ANA titer as titers of �1:100 by immunofluorescence (IF)
such that one-part blood sample was mixed with 100 (or
greater) parts of a diluting substance and ANA was still
detectable.

The flow cytometric analysis of the frequency of lymphocyte
subtypes (CD3C, CD3CCD4C, CD3CCD8C, CD4C/CD8C,
CD4CCD25CCD127low/¡ CD8CCD28C, CD3¡CD19C, and
CD3¡CD16CCD56C) was evaluated from peripheral blood.
Blood samples for this analysis were obtained at baseline and
weekly through day 29 in the single OrienX010 injection cohort
and through day 56 in the multiple injection cohorts. In the
patients who went on to receive DC–CIK therapy, additional
flow was performed on blood samples obtained prior to initia-
tion of DC–CIK therapy and after each cycle of DC–CIK ther-
apy. Methods of flow cytometry and gating are previously
described in Song et al.28,29

T cell receptor usage in peripheral blood

TCR usage was determined by DNA sequencing. PBMCs were
isolated from whole blood using Ficoll-Paque plus (GE Health-
care). Total DNA was extracted from PBMCs/leukocytes using
QIAamp DNA Blood Mini Kit (#51104, Germany) according
to the manufacture’s protocol, and evaluated using Qubit� 3.0
Fluorometer (Life Technologies, USA) and agarose gel electro-
phoresis (Biowest, Spain).

After quantification, multiplex PCR was performed using
Multiplex PCR Kit (QIAGEN, Germany). 200 ng of total DNA
was mixed with Vb forward primers and Jb reverse primers
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(0.2 mM each, designed), 25 mL 2£ QIAGEN Multiplex PCR
Master Mix, 5 mL Q-Solution, and DEPC-treated water added
to make a total volume of 50 mL. The PCR program used was 1
cycle of 95�C for 15 min, and then 30 cycles of denaturation at
94�C for 30 s, annealing at 60�C for 90 s, and extension for 30 s
at 72�C, the last step was final extension for 5 min at 72�C and
then down to 12�C. Size selection was also used for purification
of 100–200 bp PCR productions by QIAquick Gel Extracton
(QIAGEN, Germany).

DNA library preparation followed the manufacturer’s
instructions (Illumina) as described previously.30 We used the
same workflow as described elsewhere to perform cluster gen-
eration, template hybridization, isothermal amplification, line-
arization, blocking and denaturization, and hybridization of
the sequencing primers. Paired-end sequencing of samples was
performed with a read length of 100 bp using the Illumina
Hiseq2500 platform.

TCR analysis

For analysis of the TCR sequencing from this trial we evaluated
only the AA sequences for the CDR3 regions of the TCR b

chain. We selected to evaluate only AA sequences as our prior
experience suggests that small DNA sequencing errors can lead
to challenges in DNA data alignment. In this analysis, we evalu-
ated all of the TCR sequencing data for each time point: base-
line, post-ORIENX010 therapy, pre-DC–CIK therapy, post-
DC–CIK therapy cycle 1, and post-DC–CIK therapy cycle 2.

Clinical evaluation of safety and clinical response

The clinical endpoints for safety in this study were MTD and
dose limiting toxicity (DLT). For the OrienX010 portion of this
study PFS was defined as the time from first OrienX010 tumor
injection until disease progression or death whichever came
first. OS was defined as the time from the first OrienX010
tumor injection until death due to any cause. For the DC–CIK
therapy portion of this trial PFS was defined as the time from
first treatment with DC–CIK therapy until disease progression
or death whichever came first. OS was defined as the time from
the first treatment with DC–CIK therapy until death due to any
cause. PFS and OS were calculated using the Kaplan–Meier
product limit method. Radiographic response was determined
according to RECIST criteria 1.1.

Statistical analysis

Results from immunologic analyses were primarily descriptive.
A Kaplan–Meier disease-free survival estimate and 95% confi-
dence bounds was generated for the clinical data.
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