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Abstract

Background: Blockade of programmed death 1 (PD-1), an inhibitory T lymphocyte receptor, is
associated with immune system enhancement and tumor remission in various tumors. We assessed the
anti-tumor activity and immune correlates of cancer patients treated with an anti-PD-1 antibody.

Patients and Methods: Twelve patients with advanced metastatic tumors were treated with anti-PD-1
antibody. Responses were assessed after a 12-week treatment regimen. Biochemical and immunological
indexes were measured before each cycle.

Results: Among the 12 patients, 3 patients showed partial response while 6 patients had stable disease
(objective response rate: 3/12, 25%; disease control rate: 9/12, 75%). During immunotherapy, the
proportion of circulating CD3* T lymphocytes remained stable, with decreasing trends of CD3+CD4+ T
helper cell and increase in CD3+*CD8* T memory cells, in patients with stable disease. Additionally, an
increase in serum lactate dehydrogenase levels seemed to correlate with tumor progression.

Conclusions: An anti-PD-1 antibody produced objective responses in approximately 25% patients with

various solid tumors, demonstrating that it could improve the immune system in vivo.

Key words: programmed death 1 antibody, refractory solid tumors, clinical activity, lymphocyte.

Introduction

A greater understanding of the underlying
molecular mechanisms of immune system regulation
is leading to a gradual recognition of the role of local
immune suppression, immune tolerance, and immune
escape in the tumor microenvironment. The concept
of releasing the “brakes” on anti-cancer immunity is a
breakthrough in cancer treatment [1]. Excluding the
encouraging efficacy of passive immunotherapies
such as monoclonal antibodies [2], T -cell-based
immunotherapies are usually less effective [3]. The
underlying mechanism include the tumor -cells
developing various resistance mechanisms, such as
restraining the immune response via “immune
checkpoints” [4]. The first clinically validated

checkpoint target was cytotoxic T lymphocyte-
associated antigen 4 (CTLA-4), a negative regulator of
T-cell activation [5]. The antagonist anti-CTLA-4
mediates tumor regression, most notably in patients
with melanoma [6], and has been approved for the
treatment of stage IV melanoma on the basis of its
promising efficacy [7]. In clinical practice, antibodies
blocking negative immunological checkpoints have
demonstrated antitumor activity in various advanced
malignancies [8].

Programmed death 1 (PD-1) protein is a key
immunosuppressive checkpoint receptor expressed in
activated T cells [9]. PD-L1 is the primary PD-1 ligand
that is up-regulated in many tumor [10, 11] and
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stromal cells of the microenvironment [12]. The
PD-1/PD-L1 interaction can inhibit cytokine
production and negatively affect the functioning of
tumor-infiltrating CD4* and CD8* T cells [13, 14].
Blocking the PD-1/PD-L1 interaction has been shown
to augment T cell responses in preclinical models [15].
Agents targeting the PD-1/PD-L1 axis have achieved
amazing improvements in multiple tumors, including
melanomas [16], non-small-cell lung cancer [17],
Hodgkin’s lymphoma [18], renal-cell carcinoma [19],
and bladder cancer [20]. Several associated clinical
trials are in progress [21]. However, though an
emerging therapy, the potential biomarkers for
monitoring clinical response and outcome remain
elusive for this treatment modality. Huang et al. have
recently reported that the ratio of T-exhausted cell
(Tex, Ki67*CD8* T cell) invigoration to tumor burden
is associated with anti-PD-1 activity, but the
predictive value of such a ratio remains to be
validated in different cancer types [22]. Therefore, it is
imperative to ascertain the activity of anti-PD-1 in
varied cancers and translate the insights into efficient
drugs and effective biomarkers for daily clinical
practice. In this paper, we present the clinical activity
and the immune correlates of anti-PD-1 antibody in
patients with advanced cancers.

Materials and Methods

Patients and treatment

We retrospectively analyzed 12 patients with
treatment-refractory advanced/ metastatic solid
tumors at the Sun Yat-Sen University Cancer Center,
from January 2015 to July 2016. Patients were treated
with anti-PD-1 antibodies, either pembrolizumab or
nivolumab, for a minimum of 12 weeks. Other
inclusion criteria included an age of minimum 18
years; an Eastern Cooperative Oncology Group
performance status of 2 or less [23]; measurable
disease as defined by response evaluation criteria in
solid tumors (RECIST, version 1.1) [24]; presence of
adequate hematologic, cardiac, hepatic, and renal
function; and a history of standard systemic treatment
regimens. Patients with treated stable primary or
metastatic brain lesions for a minimum of 8 weeks
were eligible. Patients with the presence of any
current systemic infections, a history of human
immunodeficiency virus infection, or active hepatitis
B or C virus infection, or a history of autoimmune
disease =~ with  systemic  glucocorticoid  or
immunosuppressive therapy were excluded. Patients
with a history of prior treatment with T-cell
modulating  antibodies  (including  anti-PD-1,
anti-PD-L1, and anti-CTLA-4) were also excluded
from the study. Patients who lacked a pathological

diagnosis or a complete medical history, lost to
follow-up, had two or more kinds of tumors
asynchronously or synchronously were excluded.
Patients with merely non-measurable lesions or active
brain metastatic lesions were excluded from the
study.

Patients received either pembrolizumab (2
mg/ kg, every 3 weeks) or nivolumab (3 mg/kg, every
2 weeks) as single agent or combined therapy until
disease progression or report of unacceptable toxicity.

Each patient was followed up through telephone
or the recent outpatient records. In addition, complete
patient records were kept in our electronic
information system.

Tumor burden and response assessment

Total tumor burden was defined as the sum of
the long axis of all measurable lesions (210 mm in the
longest diameter) on the imaging reports before
administration of PD-1 antibody therapy.

Responses were evaluated by computed
tomography or magnetic resonance imaging at week
6. The categories of response were complete response,
partial response (PR), stable disease (SD) or
progressive disease (PD) based on immune-related
response criteria (irRECIST) using unidimensional
measurements, at the week-6 time point [25]. Serum
biochemical index, tumor marker levels, and
peripheral blood lymphocyte (PBL) phenotypes were
assessed before each cycle of anti-PD-1 antibody
administration.

Flow cytometry

We collected whole blood samples of 6 patients
before PD-1 antibody treatment at indicated cycles,
1-2 (weeks 3-6). Peripheral blood mononuclear cell
(PBMC) samples were isolated by density-gradient
centrifugation using lymphoprep (MD pacific,
Tianjin, China) and cryopreserved. Before conducting
flow cytometry, the PBMC samples were thawed,
washed twice with phosphate buffer saline and
incubated with antibodies for surface markers
including CD3 PerCP-cy5.5 (eBioscience), CD4
APC-eFlour780 (eBioscience), CDS8-FITC
(eBioscience), and PD1-APC (eBioscience), followed
by staining, for intracellular marker, with Ki67
(Biolegend). The mixture of surface marker antibodies
were incubated with the PBMC samples for 30 min at
room temperature in the dark. Permeabilization was
performed using the FOXP3/Transcription Factor
Staining Buffer Set (eBioscience). Stained cells were
suspended in an appropriate volume of flow
cytometry staining buffer until data acquisition. A BD
Bioscience LSR Fortessa X-20 instrument was used to
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acquire data of the stained samples, which was
further analyzed using the Flow]o software.

Human Rights

The protocol of our study was approved by the
Ethics Committee of the Sun Yat-Sen University
Cancer Center and complied with the International
Ethical Guidelines for Biomedical Research Involving
Human Subjects, Good Clinical Practice guidelines,
the Declaration of Helsinki, and local laws. Written
informed consent was obtained from each patient.

Results

Patients and Treatments

A total of 12 patients with treatment-refractory
advanced/ metastatic tumors were enrolled in our
study. These included 3 patients with non-small cell
lung cancer (NSCLC), 1 with small cell lung cancer, 1
with nasopharynx cancer, 1 with laryngopharynx
cancer, 1 with gastric cancer, 1 with gastrointestinal
stromal tumor of the duodenum, 1 with hepatic
squamous cancer, 1 with bladder cancer, 1 with
glioma, and 1 with metastatic non-small cell
carcinoma (with unknown primary lesion) (Table 1).

Among the patients, 10 were administered
pembrolizumab and 2 received nivolumab. Eight
patients accepted the PD-1 antibody therapy in the
first-line setting, while 4 in the second-line setting or
later. There were 2 patients who continued the PD-1
antibody therapy after showing the first disease
progression. Patients received an average of 10 cycles
of PD-1 antibodies (range 4-27 cycles). Ten patients
received PD-1 antibodies as combined therapy and 2
patients as monotherapy (Table 2). Until date, 6
patients are still continuing the PD-1 antibodies
therapy, while the other 6 have stopped the PD-1
treatment, including 5 patients with tumor
progression and 1 with serious therapy-related rashes.

Table 1. Clinical Characteristics of Patients

Clinical Activity

Clinical activity was assessed via radiographic
and serum tumor marker levels. According to the
RECIST 1.1 criteria, PR and PD represent a minimum
decrease of 30% and 20%, respectively, in the sum of
diameters of target lesions, taking the smallest sum, or
the appearance of one or more new lesions as
reference. SD represents neither sufficient shrinkage
to qualify for PR nor sufficient increase to qualify for
PD. The positive response was observed in 9 patients,
and PR in 3 (objective response rate: 3/12, 25%;
disease control rate: 9/12, 75%; Table 2, Figure 1A).
The other 3 patients, with NSCLC, gastric cancer, and
hepatic cancer, had disease progression. The variation
tendency of elevated baseline tumor biomarkers was
in concurrence with the radiographic responses
(Figure 1B). All the patients who showed a response
exhibited decreased or stable tumor marker levels
while patients with tumor progression had
remarkably increased tumor marker levels.

Peripheral blood lymphocyte change

We collected the baseline proportion of
peripheral blood lymphocyte before administration of
PD-1 antibodies treatment (Table 3). After the PD-1
treatment, the proportion of total CD3+ T lymphocyte
did not significantly alter. Despite the varied
responses, the proportion of the CD3*CD4* T
lymphocyte subset seemed to decline while that of
CD3*CD8* T lymphocyte subset seemed to increase,
in patients with stable disease. These trends were not
observed for natural killer (CD3-CD16*CD56*) cells
(Figure 2).

T-cell reinvigoration and tumor burden

Pre- and post-immunotherapy, we tested
changes in Ki67 expression and estimated tumor
burden, in peripheral blood mononuclear cell (PBMC)
samples of the patients. In our study, we failed to find
a correlation between Ki67*CD8 T cell reinvigoration
and therapy efficacy in 6 patients (Figure 3).

Patient number Sex Age (years) Diagnosis Pathological type Number of metastatic organ(s)
1 Male 61 NSCLC adenocarcinoma 3
2 Male 44 Laryngopharynx cancer unknown! 1
3 Male 51 Bladder cancer urothelium carcinoma 1
4 Male 71 SCLC small cell carcinoma 1
5 Male 61 Metastatic cancer non-small cell carcinoma 1
6 Female 53 GIST of duodenum GIST 1
7 Male 52 NPC squamous carcinoma 2
8 Male 53 Glioma glioblastoma 02
9 Male 79 NSCLC non-small cell carcinoma 1
10 Male 49 Hepatic cancer squamous carcinoma 1
11 Male 56 NSCLC squamous carcinoma 4
12 Male 71 Gastric cancer adenocarcinoma 1

1: the pathological diagnosis lacks the details about the type; 2: patients with recurrent glioblastoma (WHO IV). Abbreviations: NSCLC, non-small cell lung cancer; SCLC,

small cell lung cancer; GIST, gastrointestinal stromal tumor; NPC, nasopharynx cancer.
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Changes in serum biochemical index

In our study, 50% of the patients (6/12) had
increased baseline LDH levels. As the sample size was
too small to analyze the survival, we evaluated the
correlation between change in LDH levels and tumor
response (Figure 4). Patients with disease progression
appeared to have a trend of increasing LDH levels
during the treatment period while patients with
tumor remission or stable disease had steady or
reduced LDH levels.

Discussion

As a promising anticancer strategy, the efficacy
data of anti PD-1/ PD-L1 antibodies mostly derived
from the clinical trial. We introduced the activity and
immune correlates in our clinical practice, focusing on
Chinese patients. Our data showed that nearly 1 in 4
patients, treated with PD-1 antibodies, showed
objective responses in diverse refractory solid tumors.
One possible reason for the promising effect could be
that we eliminated the probable, rapidly progressing
patients who underwent anti PD-1 therapy for less
than 12 weeks. The robustness of disease control in
patients on immunotherapy was also noteworthy
across various cancers types. A new concept of basket
trials offer an innovative approach to patients
according to the genetic mutations discovered
through specialized molecular testing other than
disease type. There were 4 patients (Patient number:
1, 3, 6, and 8) with enduring response durations of 12
months or longer. This observation is similar to that
observed in the study by Topalian et al., despite
variations in the cancer types evaluated in this study
[4]. Some studies had also presented the clinical
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Table 2. Treatment Characteristics and Clinical Response to
Therapy

Patient Immunotherapy Cycles Treatment Combined Best response to
number agent applied line therapy  immunotherapy
1 Pembrolizumab 11 st Yes PR
2 Pembrolizumab 8 st Yes PR
3 Pembrolizumab 14 st Yes PR
4 Nivolumab 8 Tst Yes SD
5 Pembrolizumab 9 2nd 3rd Yes SD
6 Pembrolizumab 14 Tst No SD
7 Pembrolizumab 8 Beyond 2nd Yes SD
8 Pembrolizumab 27 st 2nd Yes SD
9 Pembrolizumab 8 st No SD
10 Pembrolizumab 5 Tst No PD
11 Nivolumab 9 2nd Yes PD
12 Pembrolizumab 4 3rd No PD

Abbreviations: PR, partial response; SD, stable disease; PD, progressive disease.

Table 3. Baseline Proportion of Peripheral Blood Lymphocytes

Patient Baseline CD3*T Baseline Baseline Baseline
number lymphocyte CD3*CD4*T CD3*CD8*T CD3-CD16*CD56*
proportion (%) lymphocyte  lymphocyte  natural killer cell
proportion (%) proportion proportion (%)
(%)
1 70.8 17.2 33.8 17.9
2 68.5 23.5 33.9 23.3
3 82.4 417 20.1 52
4 76.1 49.0 22.8 13.3
5 56 6.5 454 40.8
6 81.1 451 279 15.8
7 62.7 129 47.0 28.1
8 60.2 27.0 26.2 32.5
9 543 34.8 17.3 29.7
10 91.6 204 61.8 5.9
11 75.9 489 21.5 15.2
12 66.5 33.7 26.1 31.0

Reference range: CD3* T lymphocyte, 59.1%- 74.9%; CD3+*CD4* T lymphocyte,
26.6%- 40.4%; CD3+*CD8* T lymphocyte, 23.6%- 35.8%; CD3-CD16+*CD56* natural
killer cell, 12.2%- 24.8%.
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Figure 1. Tumor responses on treatment with PD-1 antibodies. A: Radiographic responses evaluated based on response evaluation criteria in solid tumors (RECIST 1.1).
The values shown are the largest percentage change in the sum of longest diameters from the baseline measurements of each measurable tumor. Each bar represents one patient.
B: Serum levels of tumor biomarkers were measured at the start of each treatment cycle, and the values represent percentage changes from baseline. Each line represents 1
patient; patients with high baseline levels for tumor markers were included. Cytokeratin-19 fragments (CYFRA21-1) was used as the biomarker for 3 patients with non-small cell
lung cancer, | with gastric cancer, and 1 with bladder cancer. Neuronal specific enolase (NSE) was used as a marker for | patient with small cell lung cancer. Carbohydrate
antigens 125 (CA125) was used as a marker for | patient with a gastrointestinal stromal tumor. CA72-4 was used for | patient with laryngopharynx cancer. Alpha-fetal protein
(AFP) was used as a marker for | patient with metastatic cancer. The other 3 patients had normal biomarker profiles during the treatment period.
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Figure 2. Effects of PD-1 antibodies on peripheral blood lymphocyte proportion. A and D: During immunotherapy, the proportion of total CD3* T
lymphocyte and CD3-CD16+*CD56+* natural killer cells remained unchanged. B and C: In the subset analysis, the proportion of CD3+*CD4* T lymphocytes seem to

show a downward trend, while the proportion of CD3*CD8*-T lymphocytes show an upward trend in patients with stable disease.
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As a primary ligand of PD-1, PD-L1 shows
inducible expression in the tumor and stromal
microenvironment in response to inflammatory or
immunological stimulation [12, 28]. Thus, the
potential mechanism of tumor immune escape implies
that inhibition of the PD-1/PD-L1 interaction might
have a synergistic effect, when combined with other
therapies, by enhancing the anti-tumor immune
response [19, 29]. Such immune responses could
become sustaining immunological memory, and
produce persistent tumor control [19]. Longer follow
up will confirm whether patients benefit continually
from checkpoint blockade.

Tumors have the ability to maintain an
immunosuppressive situation in the host [30]. The
PD-1/PD-L1 axis plays a negative regulatory role in T
lymphocyte activation. This enhancement of
anti-cancer immunity could be the theoretical
rationale for blocking PD-1. Tumor infiltrating CD8*
cell density was higher in both the tumor center and
invasive margin of the response group [31].
Accumulation of activated CD8* T lymphocytes
within tumors co-expressing high levels of PD-L1 is
very likely to respond to PD-1 antibodies [32]. The
percentage of NK cells does not change during the
course of PD-1 blocking therapy [33]. Our results on
peripheral blood lymphocyte subsets were consistent
with intratumor lymphocyte changes.

The lack of a universal predictive biomarker to
identify candidate patients is a challenge for PD-1
antibody treatment regimens. The most well-studied
biomarker is the expression of PD-L1. Patients with
increased PD-L1 expression have remarkably higher
response rates to PD-1/PD-L1 blockade in multiple
tumors [34, 35]. Especially in NSCLC, the PD-1
antibody could be used as first-line treatment in
patients showing PD-L1 expression on at least 50% of
the tumor cells [36]. However, some other studies
show that the response to PD-1 antibodies is
independent of PD-L1 expression [37]. Patients with a
mismatch repair deficiency status have been reported
to be more responsive to PD-1 antibodies [38]. The
Food and Drug administration has approved the first
PD-1 antibody for any solid tumor with microsatellite
instability-high (MSI-H) or mismatch repair
deficiency (dMMR) [39]. The cellular proliferative
marker, Ki67, is also considered as a marker for T-cell
reinvigoration in vivo [40, 41]. On PD-1 therapy, the T
cell reinvigoration to tumor burden ratio positively
correlates with anti-tumor efficacy, and this has been
established in mouse models [40] and melanoma
patients [22]. Huang et al. [22] have demonstrated that
the T cell reinvigoration positively correlates with
tumor burden, and further identified that a higher
ratio of T cell reinvigoration to tumor burden was

associated with a better clinical outcome. T cell
reinvigoration/ tumor burden ratio could be a
potential predictor of response to PD-1 therapy.
However, we did not observe strong T cell
reinvigoration in the peripheral blood of patients after
treatment, indicating that such ratio could be cancer
type-specific. Further studies are ongoing with an
increased sample size.

Serum LDH is a standard and accessible
biomarker used in the clinic. Elevated LDH levels has
been a well-known marker for monitoring
bevacizumab efficacy [42] and prediction of poor
outcome in the era of chemotherapy [43]. In terms of
immunotherapy, elevated levels of serum lactate
dehydrogenase (LDH) has been shown to be related
with poorer prognosis, in melanoma patients treated
with ipilimumab [44, 45] and anti-PD-1 therapy [46].
Likewise, in the present study, we observed that
patients with tumor progression had increased LDH
levels during the treatment period. Exploration of the
clinical utility of other related candidate biomarkers,
such as tumor infiltrating immune cells, interferon-y,
is also essential [47].

As a novel and expensive therapy, the extensive
application of PD-1 blockade is limited in Chinese
mainland. So the included cases are fewer. As this is a
retrospective, non-randomized study with limited
patient sample size, we only provide a mere statistical
description of our observations. The above-mentioned
limitations prevent us from comparing efficacy with
toxicity.

In conclusion, the PD-1 antibody produced
objective responses in approximately 25% of various
refractory solid tumors, not resolved during first-line
therapy. It could also improve the proportion of
CD3*CD8*T lymphocyte in vivo. The correlation of Tex
cell phenotype to tumor burden needs to be further
estimated in larger number of samples. Moreover, the
function of diverse subsets of lymphocyte in the
disease state should be explored. In addition, serum
LDH should be considered as an accessible, potential
predictive marker for anti-PD1 immunotherapy.
Furthermore, prospective studies with a large sample
size should be conducted to verify the results related
to immunological functions and serum markers
obtained in the current study.
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