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ABSTRACT
Background: Tumor PD-L1 levels have predictive value in PD-1/PD-L1 checkpoint blockade therapies, yet
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biopsies can only provide baseline information. Whether PD-L1 expression on circulating tumor cells
(CTCs) could serve as an alternative biomarker is of great interest.

Design: We established an immunofluorescence assay for semi-quantitative assessment of the PD-L1
expression levels on CTCs with four categories (PD-L1"9%%"¢, pD-L1'°%, PD-L1™e4{™ and PD-L1M9"). 35
patients with different advanced gastrointestinal tumors were enrolled in a phase 1 trial of a PD-1
inhibitor, IBI308. The CTC numeration and the PD-L1 expression levels were analyzed.

Results: Prior the treatment of IBI308, 97% (34/35) patients had CTCs, ranging from1 to 70 (median 7). 74%
(26/35) had PD-L1P°"e CTCs, and 60% (21/35) had at least one PD-L1"9" CTCs. The disease control (DC)
rate in PD-L1"9" patients (48%) is much higher than the others (14%). The group with at least 20%
abundance of PD-L1"9" CTCs had even higher DC rate of 64% (9/14), with only 14% DC rate for the rest (3/
21). We also observed that the count changes of total CTC, PD-L1P%%"¢ CTC and PD-L1M9" CTC correlate
quite well with disease outcome (P<0.001, P = 0.002 and 0.007, respectively). In addition, the abundance
of PD-L1M9" CTCs at baseline had predicative significance for progression free survival (PFS).

Conclusions: We revealed that the abundance of PD-L1"9" CTCs at baseline might serve as a predictor to
screen patients for PD-1/PD-L1 blockade therapies and measuring the dynamic changes of CTC could
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indicate the therapeutic response at early time.

Introduction

PD-1/PD-L1 checkpoint blockade immunotherapy is revolution-
izing the therapeutic strategy of malignancies by restoring the
immune system.! Since US Food and Drug Administration
(FDA) approved Pembrolizumab and Nivolumab for advanced
melanoma in 2014, there has been a flourishing surge in the
development and availability of PD1/PD-L1 checkpoint inhibi-
tors for multiple cancers types. For now, 5 available PD-1/PD-L1
inhibitors (Pembrolizumab, Nivolumab, Atezolizumab, Durvalu-
mab, and Avelumab) have been approved by FDA for the treat-
ment of RCC, NSCLC, metastatic melanoma, urothelial
carcinoma, SCCHN and/or Hodgkin Lymphoma.”” In China,
there are five domestic PD-1/PD-L1 inhibitors under phase 1 tri-
als by now (Table S1). Despite the significant survival benefit

obtained during these checkpoint blockade therapies, only a small
subset of patients showed responses. Given the special mecha-
nisms on effector immune cells and the late but durable response
induced by immunotherapy, the conventionally evaluated criteria
of Response Evaluation Criteria in Solid Tumors (RECIST) is not
very accurate for the assessment of responses to PD-1/PD-L1
inhibitors.® Therefore, it is challenging but very important to dis-
tinguish the populations that most likely benefit from and to tell
whether they truly response to these immune checkpoint block-
ade therapies at early stage of the treatment.

Currently, PD-L1 is the best studied and plausible immune
biomarker for PD-1/PD-L1 checkpoint blockade therapies.
FDA has approved four immunohistochemistry (IHC)-based
assays as companion diagnostics for risk/benefit assessment of
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PD-1/PD-L1 inhibitors.® However, it is still controversial for
the predicative value of PD-L1 IHC as some patients with PD-
L1 negative tumors also benefits from anti-PD-1 therapy in
metastatic melanoma, squamous-NSCLC, and RCC or no sig-
nificant correlation between response and PD-L1 status was
observed in some studies.”’® Moreover, the heterogeneous
expressions between primary and metastatic tumors and the
dynamic changes at different points further limit the feasibility
of PD-L1 IHC as biopsy at one site could not represent the met-
astatic signatures."’

As metastasis-driven precursors, circulating tumor cells
(CTCs) carry over the characteristics of the primary tumor
cells or probably also metastatic cells, and provide important
complementary information on therapeutic responses.'*"> A
previous study has found that PD-L1 had similar expressions
on CTCs and primary tumors in oral squamous cell carci-
noma (OSCC) patients, which implying the possibility of fol-
lowing treatment using CTCs.'® Wang et al have proposed
that PD-L1 positive CTCs are easier to escape from the
immune system, which might bring new insight of immuno-
therapy.'” Moreover, the frequently expression of PD-L1 on
CTCs and their potential role in monitor and evaluation of
immune checkpoint blockade therapy have been further
supported by lots of studies."® >

To investigate the PD-L1 expression distribution, we estab-
lished a scoring system for PD-L1 evaluation in CTCs isolated
with Pep@MNPs, which is a highly sensitive method based on
EpCAM (+) enrichment,”> and further explored the feasibility
of PD-L1 quantitation on CTCs in predicting and monitoring
PD-1 blockade therapies by applying this system to a phase I trial
of PD-1 inhibitor, IBI308. It has been proved that Pep@MNPs
assay could be utilized to isolated CTCs from MBC patients and
serve as a prognostic biomarker.** In the present study, we suc-
cessfully detected CTCs with different PD-L1 levels in the same
patient and demonstrated that Pep@MNPs could isolate CTCs
from patients with varied gastrointestinal tumors. Moreover, sta-
tistical results suggest the notion that PD-L1 assessment on
CTCs might be e a potential predicator to identify patients who
most likely benefit from PD-1/PD-L1 inhibition and the
dynamic changes of PD-L1 expression on CTCs could help eval-
uating the therapeutic response.

Results
PD-L1 antibody assessment

It has been proved that PD-L1 is highly expressed in pla-
centa.”>?® Therefore, to validate the specificity of the PD-L1
antibody KN802, we tested KN802 on placenta tissue using
another anti-PD-L1 monoclonal antibody Dako Clone 22C3 as
a positive control. Both KN802 and 22C3 showed positive sig-
nals on pathological sections of placenta (Fig. S1). Next, we
tested KN802, 22C3 and the species-matched isotype controls
on PD-L1 overexpressed CHO-PDL1 and PD-L1 negative
CHO cell lines. As shown by flow cytometry, both PD-LI
mAbs presented strong signals on CHO-PDLI cells and simul-
taneous no significant signal on CHO cells compared with
IgG1 controls (Fig. 1a, b). Furthermore, binding of KN802 to
CHO-PDLLI cells was dramatically blocked by co-incubating

with PD-L1 proteins (Fig. 1c). The sensitivity of KN802 was
further evaluated with concentration gradients and the optimal
antibody condition (1:1000) was chosen given the highest
mean fluorescence intensity (MFI) (Fig. 1d). These results indi-
cated that anti-PD-L1 mAb KN802 possesses high specificity
and sensitivity.

Establishment of PD-L1 quantitative analysis

We evaluated PD-L1 expressions in a series of cell lines
with FCM (Fig. S2). And for the establishment of quantita-
tive analysis, we specifically selected three lung cancer-
derived cell lines with different levels of PD-L1 expression:
A549, NCI-H1650 and NCI-H1975. The graded PD-L1
expression profile was: NCI-H1975> NCI-H1650 > A549
(Fig. 2a). The confocal results further demonstrated that
PD-L1 expression varied in membrane of these cell lines
and the fluorescence intensity distribution consisted with
FCS results (Fig. S3).

Next, A549, NCI-H1650 and NCI-H1975 cells were spiked
into 2ml blood from healthy donors and enumerated with
Pep@MNPs. PD-L1 expressions of recovered tumor cells were
detected under fluorescence microscope (Fig. 2b). According to
the MFI of recovered cells, we defined a PD-L1 quantitative sys-
tem: negative (-, MFI lower than 50, Score 0), low expression
(+, 50<MFI<100, Score 1), medium expression
(++, 100<MFI<150, Score 2) and strong expression (+-++,
MFI>150, Score 3) (Fig. 2¢).

CTC enumeration

Blood samples were obtained from 35 patients undergoing IBI308
PD-1 monoclonal antibody treatment. CTCs were enumerated
with the prior established Pep@MNPs isolated system and charac-
terized as CK19+ DAPI+ CD45- (Fig. 3a). PD-L1 expressions
were quantified and analyzed using our established fluorescence
quantitative system. As shown in Fig. 3b, we could detect CTCs
with different PD-L1 expressions in the same patient.

Ratio distribution of PD-L1 positive CTCs prior IBI308
treatment and drug response

35 patients were enrolled in the study and the detailed can-
cer types were listed in the Table 1. 5 patients were unavail-
able for the second blood draw but had clinical
radiographic-evaluated results. Among the 35 patients, 23
experienced a progressed disease (PD), 12had a disease con-
trol (DC) with stable disease (SD) in 9 patients and partial
response (PR) in the other 3 patients (Table). Before the
treatment of PD-1 inhibitor IBI308, CTCs were detected in
34 of 35 patients (Fig. S4). PD-L1 positive CTCs were
found in 74% patients (26/35). 92% DC patients (11/12)
and 65% PD patients (15/23) had PD-L1P*™ CTCs at
baseline (Fig. 4a). We specially examined the distribution of
PD-L1"&" CTCs, and found the presence in 21 patients
(Fig. 4a). Among patients without PD-L1™&" CTCs, only
14% patients (2/14) showed response to IBI308, which
occurred in 48% patients with PD-L1M&" CTCs (10/21)
(Fig. 4b). Specifically, we observed the ratio distribution of
PD-L1"&" CTCs and defined a cutoff value of 20%. The
objective response rate (ORR) above and below this value
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Figure 1. Specificity and sensitivity assessment of the PD-L1 mAb KN802. (a, b) KN802, the available PD-L1-specific antibody Dako 22C3 and species-matched isotype neg-
ative control were tested in PD-L1 overexpressed CHO-PDL1 and negative CHO cell lines with FCM. (c) Active binding sites of KN802 were blocked by co-incubation with
PD-L1 recombinant protein. In parallel, unblocked KN802 and corresponding isotype were tested as positive and negative control, respectively. (d) KN802 was titrated to
determine the sensitivity in a series concentration. The highest signal was observed at the diluted concentration of 1: 1000, which was chosen as the optimal working

concentration.

was 64% and 14%, respectively. To determine whether PD-
L1Positive CTC levels, especially PD-L1"8" CTCs, could influ-
ence the patients’ response to PD-1 inhibitor, we analyzed
the correlation between baseline percentage of PD-L1 posi-
tive CTCs/PD-L1™" CTCs and disease status. Among
the 34 patients with CTCs at baseline, the average
baseline ratios of PD-L1 positive CTCs in DC and PD
group were 4585 £ 30.45% (0~87.5%) and 27.12 =+
25.50% (0~76.19%), respectively (Fig. 4c); And no signifi-
cant correlation was observed between baseline proportion
of PD-L1 positive CTCs and drug response (R = 0.319, P
= 0.066). The average baseline ratio of PD-L1™8" CTCs in
DC group was much higher than that in PD group (31.01
+ 25.80% versus 13.33 =+ 19.85%). A higher ratio of PD-
L1M&" CTCs at baseline is positively correlated to a disease
benefit (R = 0.407, P = 0.017) (Fig. 4d), which implies that

the distribution of PD-L1"8" CTCs might be utilized to pre-
dict the therapeutic response to PD-1 inhibitor.

Dynamic changes of PD-L1 expression on CTCs during 1BI308
treatment

To evaluate the surveillance value of PD-L1 distribution on
CTCs, we analyzed the changes in CTC counts and PD-L1
expressions on CTCs using this semi-quantitative method
(Fig. S4). Among the 30 patients available for the second blood
draw, a decrease of total CTCs was observed in 73% (8/11) DC
patients and 11% (2/19) PD patients. In PD-L1 expression analy-
sis, 55% DC patients (6/11) showed a decline of total PD-L1P**"""
CTCs, while an increase occurred in 95% (18/19) PD patients
(P = 0.002) (Fig. 5b). As for PD-L1"8" CTC count, a reduction
was observed in 64% DC patients (7/11), and 84% PD patients
showed a raise or stayed unchanged (16/19) (P 0.007)
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Figure 2. Development of PD-L1 quantitative assay. (a) PD-L1 levels in three lung-cancer derived cell lines were determined using FCM, with low for A549, medium for
NCI-H1650 and strong for NCI-H1975. (b) Construction of the PD-L1 quantitative system. Three cell lines with different PD-L1 levels were spiked into blood samples from
health donors and recovered by Pep@MNPs. The staining signals were observed under fluorescence microscope. (c) MFI of the recovered cells. The MFI of A549, NCI-

H1650, NCI-H1975 is 55.24433.36, 113.07+48 and 160.87+44.86, respectively.

(Fig. 5¢). These results suggest that the reduction in total CTC,
PD-L1P*™ CTC and PD-L1™¢" CTC counts may reflect a benefit
response to PD-1 inhibitor. 1 SD patient (ID 12) who showed an
increase in total CTCs at T1 was available for the third blood
draw 1 month later, when PD occurred. The total CTC count
dramatically rose to 45, and PD-L1P*¥* CTCs also had a minor

rise to 12, while PD-L1"8" CTCs decreased to 3 from 6 compared
to the second measurement (Fig. 5d). Another PD patient (ID 2)
who showed no significant changes in CTC count was proved as
a pseudoprogression and began to response to IBI308 subse-
quently. A reduction was observed 7 months later (Fig. 5d).
These attractive observations might provide a little implication
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PD-L1"9" CTCs as a potential prognostic indicator of PFS
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overexpressed tumors obtain improved clinical outcomes
during PD-1/PD-L1 blockade therapy.”>** To explore
whether PD-L1™8" CTCs have any prognostic significance,
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Figure 3. Assessment of PD-L1 expression on CTCs. (a) Represent CTC enriched with Pep@MNPs. WBC: white blood cell, characterized by DAPI4- CK19- CD45+; CTC: circu-
lating tumor cell, characterized by DAPI4- CK19-+ CD45-. (b) Represent CTCs with different PD-L1 levels isolated from one patient. In order from top to bottom, it was PD-
L1 negative (PD-L1"9), lowly expressed (PD-L1"°"), medially expressed (PD-L1™4"“™) and strongly expressed (PD-L1"9") CTC, respectively.

we analyzed the PFS of patients based on the ratio of PD-
L1"8" CTCs at TO and number of PD-L1"¢" CTCs at T1.
As shown in Fig. 6, patients above the cutoff value at TO
had an obviously longer PFS compared with those below
the value (HR = 3.342; 95%CI 1.488-7.505; median 4.27 vs
2.07 months, P = 0.002). And patients with PD-L1"¢"
CTCs <2 at T1 significantly trend to better PFS than
patients with PD-LI™8" CTCs >2 (HR = 0.412; 95%CI
0.177-0.962; median 3.4 vs 2.1 months, P = 0.031) (Fig.
S5a). However, no significant difference was observed
between PES of patients with ratio of PD-L1"8" CTCs
>20% and patients with the ratio <20% (HR = 0.567;
95%CI 0.245-1.312; median 2.53 vs 2.1 months, P = 0.185)
(Fig. S5b). This could be explained by the indiscriminately
killing effect from T cells when PD-1/PD-L1 interaction
was blocked.” These data suggest that both baseline pro-
portion and post-therapeutic number of PD-L1™8" CTCs
could serve as prognostic indicators.

Discussion

In the present study, we established a fluorescent quantita-
tive system for semi-quantitative analysis of PD-L1 expres-
sions. With this evaluating system, we successfully
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Figure 4. Correlation between baseline proportions of total PD-L1°** CTC/PD-L1

a ol b (o
a8y g I s 1004 e 0 mmoc
30 | I| el 0PD o] [ 1PD
0] i - i iII 0] 50|
| L o :
@ 60 e e 80
g : i
O 504 504 50
F 3 ss.71% 85.71%
8 404 g 40 a0
R ] 52.38%
304 & 304 304
&1 I a1 ] 3571%
10 4 104 104
DC PD Patients without PD-L1™* CTC<20% PD-L1% CTC220%
PD-LIMCTC (n=14)  PD-LIMCTC n=21) ns21 =14
d e
100
100
0 .
0
o * R=0.319, P=0.066
=0. =0. a 20 N
S5 70 . 4 " » R=0.407, P=0.017 -
oF A © =70
;G 6o a a 58
iz 5 Geo
38 50 4 L3
[t Z 580 -
Sra0 a2
oe . Sz a
g5 w0 ]
g% 28] .
20 5%
2 "2
10 “ + -
5 ™ 25
o aa
o] PRV Y
El) -
10 -
B Licd o PD
high

CTC counts and disease status.(a) PD-L1 distribution on CTCs from advanced cancer

patients before initiation of IBI308 therapy. DC: disease control, refer to patients showed response (PR and SD); PD: progressive disease, refer to patients showed no
response. Patients are ordered according to the percentage of PD-L1"9" CTCs. The dash dot line refers to the cutoff proportion of PD-L1"9" CTCs. (b) Response rate of

patients with/without PD-L1"9" CTCs at baseline. (c) Response rate of patients above

or below the cutoff value. (d) Percentage distribution of total PD-L1P** CTCs at base-

line before IBI308 therapy. The ratio ranged from 0 to 87.5% in DC group, with an average value of 45.85+30.45%. And PD group showed a range from 0 to 76.19% and
the average value was 27.12 £ 25.50%. No significant correlation was observed between baseline proportion of PD-L1 positive CTCs and drug response (R = 0.319,

P = 0.066). (e) Ratio distribution of PD-L1"9" CTCs at baseline from patients before

IBI308 therapy. The ratio ranged from 0 to 80% in DC group, with a mean value of

31.01 + 25.80%. And PD group showed a range from 0 to 50% and the average value was 13.33 % 19.85%. A higher ratio of PD-L1"9" CTCs at baseline is positively corre-

lated to a better drug response (R = 0.407, P = 0.017).

demonstrated variety of PD-L1 levels in CTCs from patients
with varied advanced carcinomas. Furthermore, we provided
evidence that evaluating PD-L1 expressions on CTCs might
help choosing patients for PD-1/PD-L1 checkpoint blockade
immunotherapy and monitoring the dynamic changes in
the distribution might assist evaluating the therapeutic effi-
ciency. To our best knowledge, this is the first exploration
demonstrating that PD-L1 quantitation in CTCs correlated
with response to PD-1 inhibited therapies, since Panabieres
et al found PD-L1 frequently expressed on CTCs and can
be used in future clinical trials for stratification and moni-
toring of cancer patients undergoing immune checkpoint
blockade.*® Due to transient worsening and different unique
response from RECIST criteria, it is quite challenging to
assess benefit in patients receiving immunotherapy.”* So far,
PD-L1 and microsatellite instability (MSI) are two plausible
biomarker help defining patients who are most likely to
benefit from PD-1/PD-L1 blockade therapy, as many studies
have proved that patients with PD-L1 positive tumors
achieved better responses to immunotherapy than those
with PD-L1 negative tumors®>>° and MSI-H/MMR deficient
cancers are more sensitive to PD-1/PD-L1 blockade ther-
apy.”’ However, tumor heterogeneity, especially in meta-
static patients, has challenged the assessment of PD-L1
expression and MSI status. And the MMR deficiency is
present in only 15-20% of colon cancer and 20-30% of
endometrial cancer, the prevalence in other advanced dis-
ease patients is much less.’® As an alternative, the feasibility
of PD-L1 expression assessment in CTCs has been previ-
ously described in several papers.”*** ** By monitoring the
dynamic changes of PD-L1 expression in CTCs, we could

obtain the first-hand knowledge and paramount informa-
tion of anti-PD-1/PD-L1 therapy.

KN802 is a PD-L1 MAD that is screened recently and
still commercially unavailable. Therefore we evaluated its
specificity and sensitivity using PD-L1 overexpressed CHO-
PDLI cells and PD-L1 negative CHO cells, both of which
have been used for the evaluation of PD-L1 MAb.*’ Distri-
bution of fluorescent signals in CHO-PDL1 and CHO cells
demonstrated that KN802 is a highly specific PD-L1 MAb.
Moreover, to establish a protein expression quantitated sys-
tem like IHC, we screened cell lines to explore PD-L1 vari-
ety. The dynamic ranges in expression levels further
indicated a high sensitivity of KN802 assay. Given most of
the cell lines having relative lower PD-L1 expression, we
chose 3 lung-cancer derived ones with different PD-L1 lev-
els (A549<NCI-H1650<NCI-H1975) as the foundation for
our quantitative system. By spiking these cells into blood
sample from health donors and recovering them, we simu-
lated the environment of CTCs and established a quantita-
tive system with thresholds might most appropriate for
CTCs analysis. By using Pep@MNPs, we further investi-
gated the clinical utility and feasibility of this PD-L1 quan-
titative system in patients with advanced cancers. Frequent
and varied expressions of PD-L1 on CTCs were clearly
observed in our assessment, which implicates that our PD-
L1 quantitative system is plausible. The “PD-L1 immuno-
score” defined in a previous report further supported the
feasibility of our findings.*”

The clinical significances of PD-L1 expression in immune
checkpoint blockade therapies have been approved in many tri-
als and FDA has approved several PD-L1 IHC assays for
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Figure 5. Dynamic changes in PD-L1 distribution on CTCs before and after treatment. (a) Changes of total CTC count in DC and PD patients. An increase (>0) was
observed in 27.27% (3/11) DC patients and 89.47% (17/19) PD patients. P<0.001. (b) Changes of total PD-L1°°*"® CTC count in DC and PD patients. 54.55% DC patients
(6/11) showed a decline of total PD-L1 positive CTCs, while an increase occurred in 18 of 19 PD patients. P = 0.002. (c) Changes of PD-L1"9" CTC count in DC and PD
patients. A decline was observed in 63.64% DC patients (7/11) while an augment was found in 84.21% PD patients (16/19). P = 0.007. (d) Changes of CTC count in two
specific cases. For a triple bar of one patient, it was CTCs enumerated at TO, T1 and T2 in order from left to right. (e) Ratio distribution of PD-L1P**"¢ CTCs at T0 (baseline)
and T1 (after treatment). An obviously increase was observed both in PD group at T1 compared with TO (from 25.60 + 24.39% to 52.12 & 32.76%, P = 0.015); and DC
group showed no significant ratio change (from 42.06 4 28.82% to 43.20 £+ 31.37%, P = 0.933). (f) Ratio distribution of PD-L1"'9" CTCs at TO (baseline) and T1 (after
treatment). Two separate drifts were observed between DC and PD groups. At T1, the average proportion of PD-L1"9" CTCs showed a dramatic augment in PD group
(from 14.44 + 21.50% to 34.10 £ 35.15%, P = 0.043) and a decline in DC group (from 27.01 + 22.82% to 16.01 + 22.42%, P = 0.273).

companion diagnostics in anti PD-1/PD-L1 therapies. How-
ever, analysis of PD-L1 expression in solid tumors showed lim-
ited predicative values as separate expression patterns were
observed in matched primary versus distant metastasis sites
and a paradigm shift in oncology occurred during immuno-
therapy. CTC analysis is an alternative method with minimal
invasion and assessment of PD-L1 dynamic changes in CTCs
could help monitoring the oncologic shifts induced by PD-1/
PD-L1 inhibitors. Many studies have pronounced the impor-
tance of PD-L1 assessment as a predictor to identify patients
who most likely benefit from checkpoint blockade.***® And
several clinical trials found that a much higher disease control
rate was observed in patients with locally determined dMMR/
MSI-H cancers.*"*> However, it also suggested that only a sub-
group of metastatic MSI patients might benefit from

checkpoint blockade therapies and MSS patients with tumors
highly infiltrated with immune cells could also benefit from the
therapy.*’ In the present study, we explored the predictive sig-
nificance of quantifying PD-L1 expression on CTCs from
patients treated with the PD-1 inhibitor IBI308 using the quan-
titative system. Among the 35 patients undergoing blockade
therapy of IBI308, 34 had CTCs before the initiation of therapy
and PD-L1 positive CTCs were found in most of the patients
(26/35). To determine whether PD-L1 quantitation on CTCs
could serve as a diagnostic approach for PD-1/PD-L1 blockade
therapy, we performed correlation analysis between PD-L1 dis-
tribution on CTCs prior treatment and therapeutic response.
No obvious association was found between PD-L1 positive
CTCs and disease status. However, we did observe that patients
with PD-L1"8" CTCs had a higher response than PD-L1™¢"
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CTC-negative patients. Moreover, compared with PD patients,
the average percentage of PD-L1™¢" CTCs on total CTCs in
DC patients was striking higher. Together, these observations
suggest that, rather than PD-L1 positive CTCs, the presentation
and the ratio distribution of PD-L1"8" CTCs might be a more
appropriate biomarker to screen patients who most likely bene-
fit from PD-1 inhibitor treatment and help predicting the rela-
tively therapeutic response. Furthermore, by estimating the
PES, we demonstrated for the first time that the absence of
PD-L1"8" CTCs at baseline correlates with a higher risk for
progression during anti-PD-1 therapy. This further highlights
the underlying predicative value of PD-L1 assement on CTCs
to assist decisions of PD-1/PD-L1 blockade therapy.
Checkpoint inhibitors reactivate immune system to block
therapy escape induced by PD-1/PD-L1 interaction.** The time
required for the immune system restoring results in delayed
but durable responses and inappropriate efficacy evaluation
with traditional standard criteria.”’ Therefore, reliable bio-
markers are in urgent need to evaluate immunotherapeutic
responses. Due to the availability of resampling, the dynamic
changes of PD-L1 positive CTCs might mirror a response status
in real time. Nicolazzo et al. has proved that persistent presence
of PD-L1 (4) CTCs at the evaluation-time point is associated
to poor outcome in treatment of PD-1 inhibitor Nivolumab.*'
In our study, a decline of total CTC count was found in 72.73%
(8/11) DC patients and 10.53% (2/9) PD patients, which is con-
sistent with the prior findings that dynamic changes of total
CTCs might be a real-time monitor for cancer therapies.*>*” In
PD-L1 expression analysis, we did observe that total PD-L1P°
CTCs, especially PD-L1"€" CTCs, reduced in most patients
who obtained benefit, while increases occurred in most patients
with a progressed disease. Thus, semi-quantitative analysis of
PD-L1 on CTCs might provide real-time knowledge of thera-
peutic efficacy during PD-1/PD-L1 blockade therapy. However,
the dynamic changes in average ratio of PD-L positive and
PD-L1"8" CTCs showed no obvious significance, although
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different drifts occurred in DC and PD groups. This might be
illuminated by the changes of both PD-L1 positive and negative
CTCs numbers during the treatment. And this finding was
further supported by a previous opinion that the fraction of
PD-L1 positive CTCs depends on the number of detected
CTCs* and the presence of PD-L1 does not confer a selective
advantage when interactions between PD-L1 and PD-1 are
blocked.”

Although we indeed gain a profound perception into the
predicted and surveillent significance of PD-L1 expression on
CTCs, the biggest limitation is the variation of cancer types in
the safety-evaluated trial of IBI308. We have 35 patients divided
into 11 tumor types. Given the biological and clinicopathologic
heterogeneities among different tumors and individuals, the
prospective value of PD-L1 quantitation on CTCs needs to be
further explored in a larger cohort with a unitary tumor type.

Except the variation of tumor types involved, there are several
more limitations for this study, such as (i) the small populations,
(ii) the inconformity in treatment cycles, (iii) lack of PD-L1 expres-
sion information in the primary tumors, (iv) short follow-up time
as PD-1/PD-L1 blockade needs time to reactivate the immune sys-
tem.”"** Therefore, a multicenter prospective study involved
multi-type of tumors is necessary to support the potential clinical
feasibility of PD-L1 quantitation on CTCs.

Materials and methods
Reagents and cell lines

CD45-phycoerythrin (PE) (Catalog#ab134202), CK19-fluores-
cein isothiocyanate (FITC) (Catalog#ab87014) were purchased
from Abcam, monoclonal anti-PD-L1 antibody KN802 was
supplied by Beijing Kohnoor Science & Technology Company.
Cell lines of breast cancer MDA-MB-231, MCF-7, MDA-MB-
468; colorectal cancer HT-29, Caco2; cholangiocarcinoma
HCCC9810, QBC939, RBE; lung cancer A549, NCI-H1650,
NCI-H1975; glioma U87, U251; hepatocarcinoma HepG2 were
stored in our lab. CHO-PDLIcells, PD-L1 negative CHO cells
and PD-L1 recombinant protein were kindly from Professor
Yongjun Dang in Fudan University. Placenta sample was pro-
vided by Affiliated Hospital Cancer Center, Academy of Mili-
tary Medical Sciences.

Assessment of anti-PD-L1 antibody

Anti-PD-L1 antibody KN802 was conjugated with AlexaFluor
647 using a protein labeling kit (catalog A20173, Invitrogen)
and Nanodrop was used to assess the labeling efficiency. To
determine the best working concentration of KN802, PD-L1
overexpressed CHO-PDL1 cells were stained with KN802-
AlexaFluor 647 in a series of concentrations (1:50, 1:250, 1:500,
1:1000, 1:2000, 1:5000, 1:8000 and 1:10000) and FCM was used
to collect the information. In this assay, an AlexaFluor 647
labeled normal isotype (Catalog#115-605-003, Jackson Immu-
noResearch Laboratories) works as a control. To further con-
firm the specificity of KN802, we use PD-L1 recombinant
protein to block the active binding sites of KN802 by co-incu-
bation for 30 min. Then the co-incubated product was used to
stain CHO-PDL1 cells with untreated KN802 as control. For
further specificity determination, unlabeled KN802 was
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analyzed in placenta sample, PD-L1 overexpressed CHO-PDL1
and PD-L1 negative CHO cells, with monoclonal mouse anti-
human PD-LI antibody 22C3 (Dako North America) served as
a positive control (1:200).

Flow cytometry (FCM)

To choose cell lines for the establishment of immunoscoring
system, we use FCM to test the distribution of PD-L1 in 15 cell
lines stored in our lab. 1076 cells were harvested and collected,
following fixation in 4% paraformaldehyde for 15 min. After
blocking for 30 min, cells were incubated with anti-PD-L1 anti-
body or a mouse isotype control (Catalog#MAB002, R&D Sys-
tems) for 1 h. Afterwards, cells were rinsed with PBS for twice
and incubated with an AlexaFluor 647 labeled secondary anti-
body for 30 min, following wash with PBS for twice. BD flow
cytometer (BD Accuri'™ C6) was used to record the cells with
at least 20,000 events and the data were analyzed using Flowjo
software (Tree Star).

Immunocytochemistry

3 cell lines with different PD-LI levels were seeded into a 24 well
plate (Catalog#3524, Corning) or confocal dish (Catalog#P06-1.5
H-N, In Vitro Scientific) and cultured for 24 h. Then cells were
fixed in 4% paraformaldehyde for 15 min and subsequently block-
ing with 5% BSA in PBST for 30 min, following incubated with
KN802-AlexaFluor 647 for 1 h. After wash with PBS for 3 times,
the staining results were obtained under OLYMPUS IX73 fluores-
cence microscope or Zeiss LSM-710 confocal microscope system.

CTC isolation and identification

CTCs were isolated and enumerated with the Pep@MNPs method
as previously described.”* Pep@MNPs was iron oxide magnetic
nanoparticles (MNPs) linked with peptides targeted to EPCAM
via biotin-avidin interaction. For each detection, 10ul Pep@MNPs
was added into 2.0 ml peripheral blood, following incubation at
37°C for 1h to make sure CTCs bind to Pep@MNPs. The
Pep@MNPs captured CTCs were isolated under a magnetic field.
After incubation with DAPI and multi antibodies, CTCs were
identified as cells with the phenotype of CK19+/DAPI/CD45-
under OLYMPUS IX73 fluorescence microscope.

Construction of Semi-quantitative system for PD-L1 on CTCs

by spiking experiments

3 cell lines with different PD-L1 levels (low, medium and high)
were chosen for the construction of PD-L1 evaluated system.
1074 cells stained with DAPI were spiked into 2.0 ml blood
obtained from healthy donors and recovered using
Pep@MNPs. The mean fluorescent intensity (MFI) of PD-L1
on recovered cells was calculated using Image] software (Ver-
sion of 1.8.0_112) to set the thresholds for semi-quantitation.
At least 5 fields were analyzed for each sample. The PD-L1 lev-
els were characterized as following, negative: MFI < MFI of
low-PD-L1 cells; low: MFI of low-PD-L1 cells <MFI< MFI of
medium-PD-L1 cells; medium: MFI of medium PD-LI cells
<MFI< MFI of high-PD-L1 cells; high: MFI> MFI of high-
PD-L1 cells.

Anti-PD-L1
Noan s
5

Peripheral blood

Scheme 1. Schematic illustration of PD-L1 positive CTCs as a biomarker in PD-1/
PD-L1 blockade therapy.

Blood sample collection

IBI308 (Innovent Biologics) is a PD-1 inhibitor under phase 1 clini-
cal trial in China. 35 patients with advanced gastrointestinal tumors
were enrolled in this prospective study from October 2016 to
November 2017, which belongs to the efficacy and safety trial of
IBI308 (NCT02937116). All patients are from Affiliated Hospital
Cancer Center, Academy of Military Medical Sciences and have
failed to standard therapies prior PD-1 inhibition. In this trial, the
PD-1 inhibitor IBI308 was administrated through intravenous drip
in different doses: 1 mg/kg, 3 mg/kg, 10 mg/kg or 200 mg. 10 types
of gastrointestinal tumors were involved; including neuroendocrine
tumors derived from 6 different sites, right adrenal neuroblastoma,
hepatocellular carcinoma (HCC), colorectal carcinoma (CC), intra-
hepatic cholangiocarcinoma, pancreatic carcinoma, esophageal
carcinoma, ampullary adenocarcinoma, small intestinal stromal
tumor and esophageal small-cell carcinoma (Table 1). For CTC
evaluation, 4.0 ml peripheral blood samples were collected and ana-
lyzed before PD-1 treatment as baseline (T0). And the second
blood draws were collected at 9 weeks after the initiation of therapy
(T1), when the drug response was evaluated. All methods used in
this study were performed in accordance with approved Medical
Ethics regulations from Affiliated Hospital Cancer Center, Acad-
emy of Military Medical Sciences.

i) Statistical analysis

The statistical package SPSS (version 20.0; IBM, New York, NY,
USA) was applied for significance analysis. The correlation
between increase status in total CTC/ PD-L1P***¢ CTC/PD-
L1M8" CTC count (>0 or <0) and disease status was analyzed
using a Pearson coefficient. Significance of the average changes
in proportion of PD-L1P**"™ CTCs/PD-L1"8" CTCs was deter-
mined by a paired Student’s T-test. For predicative value assess-
ment, a Spearman rank correlation coefficient was utilized to



analyze the correlation between baseline proportion of total
PD-LI1P*™ CTC /PD-L1"" CTCs and disease status. PFS dis-
tributions were estimated using the Kaplan-Meier test. A P
value <0.05 was considered as significant.
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