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Abstract
Background: We recently reported the results of a phase II clinical trial that the combinational use of
camrelizumab plus apatinib induced an objective response rate (ORR) at 43.3% in advanced triplenegative breast cancer (TNBC) patients. This study presents the analysis of potential tumor and blood
biomarkers for the patients responded to the combinational therapy.
Methods: Stromal tumor-in ltrating lymphocytes (TILs), CD8+ T cells and the protein expression of
programmed death protein 1 (PD-1) and PD-L1 were evaluated in tumor samples collected before and
after the treatment. Peripheral blood samples were collected before treatment, 2-weeks and 8-weeks after
treatment. 59 cytokines/chemokines, growth factors, or checkpoint-related proteins, blood immune cell
subpopulations were analyzed in the blood samples. The correlation between biomarkers and clinical
outcomes including ORR, progression-free survival (PFS), and overall survival (OS) was analyzed.
Results: Upon database lock, the ORR of 28 evaluable patients was 46.4%. An increase of tumorin ltrating CD8+ T cells more than 15% during therapy was signi cantly associated with higher ORR
(P=0.040). Patients with lower baseline plasma levels of HGF or IL-8 were more likely to respond to the
combinational treatment (P=0.005 or 0.001, respectively), and showed a longer PFS and OS (HGF:

PPFS<0.0001, POS<0.0001; IL-8: PPFS<0.0001, POS=0.009). Patients with a decrease of IL-8, or an increase
of TIM-3 or CD152 during treatment responded more to the treatment (P=0.008, 0.040, or 0.014,
respectively). Responders had a higher baseline CD4+ T cells and B cell proportions in blood than nonresponders (P=0.002 and 0.030 respectively). Moreover, patients with higher baseline CD4+ T cells or B
cells proportions in blood showed a longer PFS (P<0.001) or a longer OS (P=0.030) respectively.
Conclusion: Higher baseline TILs or a greater increase of tumor-in ltrating CD8+ T cells during therapy,
lower baseline plasma HGF/IL-8, a decrease of plasma IL-8, an increase of plasma TIM-3/CD152 during
therapy, higher baseline CD4+ T cells or B cells proportion in blood are potential biomarkers for the
combinational anti-angiogenesis and immunotherapy in advanced TNBC patients.

1. Background
TNBC has the worst prognosis among all subtypes of breast cancer(1–4). Chemotherapy is the main
systemic therapy for advanced TNBC, but drug resistance occurs rapidly and the overall survival of
advanced TNBC patients is as poor as ~ 15 months(5, 6). Cancer immunotherapy has been a promising
strategy in multiple kinds of solid tumors including breast cancer recently. Blockade of PD-1 or PD-L1 is
considered as one of the most effective treatments of cancer immunotherapy. However, monotherapy of
PD-1/PD-L1 blockade in advanced TNBC only showed marginal effect, with the ORR ranging from 5.2–
18.5%(7–9). Therefore, exploring combinational strategies with other treatments to enhance the e cacy
of checkpoint inhibitors is urgently needed. Our phase 2 trial of camrelizumab (an anti-PD-1 antibody)
with apatinib (a VEGFR2 inhibitor) in advanced TNBC patients is the rst trial reporting the e cacy and
safety of an anti-PD-1 antibody combined with an anti-angiogenesis agent in treating advanced TNBC
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patients(10). We showed that the combinational use of camrelizumab with apatinib achieved an
impressively high ORR (43.3%) with tolerable toxicities(10).
Prior trials on PD-1/PD-L1 blockade monotherapy or combination with chemotherapy in advanced breast
cancer demonstrated that response to immunotherapy varies signi cantly among patients(7–9, 11, 12).
The fact that majority of TNBC patients did not bene t from immunotherapy indicates the pressing need
to identify biomarkers that could be used to select patients that are more likely to respond to
immunotherapy. A phase I trial of atezolizumab monotherapy in metastatic TNBC patients found that
improved clinical activity was associated with higher levels of PD-L1-positive immune cells (ICs), CD8positive T cells and TILs(7), while another phase 1b trial (KEYNOTE-012) on pembrolizumab
monotherapy in metastatic TNBC reported that patients with PD-L1-positive expression on immune cells
or tumor cells (TCs) may bene t more from PD-1 blockade(8). The phase 3 IMpassion130 trial showed
that only advanced TNBC patients with PD-L1-positive expression on ICs had PFS and OS bene t from
atezolizumab plus nab-paclitaxel(9, 12). However, the neoadjuvant KEYNOTE-522 phase 3 trial showed
that the expression of PD-L1 level was not associated with the bene t of adding PD-1 inhibitor into
chemotherapy in early TNBC patients received neoadjuvant treatment(13). Our recent report also showed
that PD-L1 expression in TCs or ICs was not associated with ORR(10). These results suggest that the
speci c biomarkers of bene t from PD-1/PD-L1 blockade in TNBC patients remain unclear. Here we
prospectively collected the tumor and blood samples in our phase 2 trial and explored potential
biomarkers that can predict the response to the combinational therapy of camrelizumab with apatinib in
treating advanced TNBC patients.

2. Materials And Methods

2.1. Study Design and Patients
The design and conduct of this phase 2 trial was reported previously(10). Brie y, it was an open-label,
randomized, parallel, non-comparative, two-arms, phase II trial (ClinicalTrials.gov identi er:
NCT03394287). Key eligibility criteria were: female patients with age of 18–70 years with metastatic or
unresectable recurrent TNBC (ER/PR-negative was de ned as an ER/PR stain of < 1%, HER2/Neu-negative
was de ned as immunohistochemistry (IHC) 0–1+; and HER2/Neu negative by chromogenic/ uorescent
in situ hybridization (FISH)); with measurable disease per Response Evaluation Criteria in Solid Tumors
(RECIST) v1.1; an Eastern Cooperative Oncology Group performance status of 0/1; and received < 3 lines
of systemic therapies for advanced diseases. Patients with any history of autoimmune disease;
metastasis to central nervous system with clinical symptoms; any active infection or recent treatment
with a systemic immunostimulatory agent (within the previous 4 weeks); recent application of systemic
glucocorticoid or immunosuppressive medication; a history of using anti-angiogenesis agents or
checkpoint inhibitors, or a history of severe allergic reaction to other monoclonal antibodies, or with
uncontrollable hypertension or antihypertensive medication, or heart condition/disease were ineligible.
Patients were randomly (1:1) enrolled to receive camrelizumab 200 mg (3 mg/kg for patients whose
weight was below 50 kg) iv, Q2W, in combination with apatinib 250 mg po, continuous dosing (d1-d14), or
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intermittent dosing (d1-d7) at the rst stage of this trial. Since no patient achieved response in the
apatinib intermittent dosing cohort at the rst stage, we only enrolled patients into the apatinib
continuous dosing cohort at the second stage. Patients received treatment until unacceptable toxicities or
withdrawal of consent or disease progression.

2.2 Pathologic assessment, blood cytokine array and
immune cell subpopulations assessment
All the biomarker analyses were based on data in the apatinib continuous dosing cohort of this trial (n =
30). Tumor samples from metastases or recurrent tumors were collected before treatment and 8 weeks
after treatment (number of paired samples: n = 20). PD-L1 expression was measured using the FDAcleared 22C3 assay on the Dako Link 48 platform. The positive threshold of PD-L1 on ICs/TCs was set at
≥ 1% PD-L1-expressing immune/tumor cells as percentage of tumor area. TILs were evaluated following
the criteria proposed by the International TIL WG(14). CD8 immuno uorescence and PD-1
immunohistochemistry assay were performed on tumor slides using anti-human CD8 (Cat# MA5-14548,
Thermo Fisher; 1:200) and anti-human PD-1 (Cat# ab52587, Abcam; 1:50) antibody, respectively.
Peripheral blood samples from patients were collected in three time points: before treatment (baseline), 2
weeks after treatment, and 8 weeks after treatment. Peripheral blood samples were obtained by 10 ml
venipunctures and centrifuged (1000 g) 15 min to isolate the plasma. 59 cytokines /chemokines, growth
factors, or soluble checkpoint-related proteins were assessed in these plasma samples using the
ProcartaPlexHuman Cytokine/Chemokine/Growth Factor Panel and the ProcartaPlexHuman ImmunoOncology Checkpoint Panel (Affymatrix, Inc). 59 cytokines /chemokines, growth factors, or soluble
checkpoint-related proteins were listed in Supplementary Table 1. Details of this assay were described
previously(15).
For T cell subsets or NK cell detection, 50 µl peripheral blood was stained with PerCP-conjugated antiCD3, FITC-conjugated anti-CD4/PE-conjugated anti-CD8 or with FITC-conjugated anti-CD3, PE-conjugated
anti-CD16/anti-CD56 and PerCP-conjugated anti-CD45 for 30 min at 4℃, respectively. For Tregs
detection, whole blood was stained with FITC-conjugated anti-CD4, PC5-conjugated anti-CD25 and PEconjugated anti-CD127 for 45 min at 4℃. After antibody staining, hemolysin was used to lyse RBC.
Single cell suspension was washed and then resuspended with 200 µl staining buffer for ow cytometry.
Flow cytometry was performed and analyzed on FACS Diva (BD bioscience). Immune cell subpopulations
were de ned as follows: CD4+ T cells (CD3+CD4+), CD8+ T cells (CD3+CD8+), NK cells
(CD3−CD45+CD16+CD56+), Tregs (CD4+CD25+CD127+) and B cells (CD19+). All antibodies were
purchased from Beckman Coulter. Further, to detect PD-1+CD4+/CD8+ T cells and PD-1+ B cells, 100 µl
peripheral blood was stained with FITC-conjugated anti-CD3, BV605-conjugated anti-CD19, BUV395conjugated anti-CD4, BV786-conjugated anti-CD8, and BV421-conjugated anti-CD279 (PD-1) for 30 min at
4℃. Then lysing RBC was performed by using lysing buffer. After lysing, cells were washed and then
resuspended to single cell suspension with 200 µl staining buffer. Flow cytometry was performed on
FACS Celesta (BD bioscience) and was analyzed with FlowJo software. Immune cell subpopulations were
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de ned as follows: CD4+PD-1+ T cells (CD3+CD4+CD8−PD-1+), CD8+PD-1+ T cells (CD3+CD4−CD8+PD-1+),
and PD-1+ B cells (CD19+PD-1+). All these antibodies were purchased from BD bioscience.

3.3 End point and statistical analysis
The primary end point of this study was correlations among biomarkers and patient outcomes including
ORR, PFS, and OS in the apatinib continuous dosing cohort. PFS, and OS were evaluated by the KaplanMeier method. Log-rank test and chi square test were used to assess associations between biomarkers
and outcomes. Mann-Whitney U test was used to assess associations between plasma
cytokines/chemokines/growth factors and outcomes or TRAE. Statistical analyses were performed using
STATA (v13.0) and R software packages. All statistical tests were two-sided, with statistical signi cance
de ned as P < 0.05.

3. Results

3.1. Patients and Treatment
From January 2018 to April 2019, 40 TNBC patients received 0–2 prior lines of systemic therapies for
advanced/metastatic diseases at Sun Yat-sen Memorial Hospital were enrolled into the phase II trial of
camrelizumab with apatinib, including 10 in the apatinib intermittent dosing cohort, and 30 in the
apatinib continuous dosing cohort. All the biomarker analyses were based on data of the 30 patients in
the continuous apatinib dosing cohort of this trial. 28 of 30 patients were evaluable for overall response.
Baseline characteristics of these 28 patients were listed in Table 1. Upon database lock in this study
(March 4th, 2020), the median follow-up duration was 10.2 (range 2.1–25.2) months. The ORR of these
28 evaluable patients was 46.4% (13/28, 95% CI: 27.5%-66.1%).
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Table 1
Baseline patient characteristics
Continuous dosing
cohort (n = 28)
Age, years, median (range)

46 (32–64)

Prior therapy in advanced setting
No

7 (25.0)

1 line

15 (53.6)

2 lines

6 (21.4)

Metastatic disease

27 (96.4)

No. of sites of metastatic disease
0–3

21 (75.0)

≥4

7 (25.0)

Site of metastatic disease1
Bone

6 (21.4)

Live

8 (28.6)

Lung

12 (42.9)

Lymph node only

2 (7.1)

PD-L1 IC status
Negative

17 (60.7)

Positive

11 (39.3)

PD-L1 TC status
Negative

18 (64.3)

Positive

10 (35.7)

BRCA1/2 mutation
Negative

23 (82.1)

Positive

3 (10.7)

Data presented as n (%), or median (range). IC = immune cells. TC = tumor cells.
1

Some patients had multiple sites of metastatic disease.
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Continuous dosing
cohort (n = 28)
Unknown

2 (7.1)

Data presented as n (%), or median (range). IC = immune cells. TC = tumor cells.
1

Some patients had multiple sites of metastatic disease.

3.2. Tumor tissue biomarker assessment
In the previous report(10), we showed that the PD-L1 expression on ICs and TCs before therapy was not
correlated with ORR or PFS. The in ltration of CD8+ T cells and PD-1 expression on ICs before therapy
also did not correlate with clinical outcomes. Nevertheless, a high percentage of baseline TILs (> 10%)
was associated with higher ORR and favorable PFS (P = 0.029 and 0.054, respectively)(10).
In this study, the updated follow-up data were used to explore the correlations between clinical outcomes
and immune parameters in tumor including PD-L1 expression on TCs or ICs, stromal TILs and CD8+ T
cells, and PD-1 expression on immune cells. A high percentage of baseline TILs (> 10%) was still
associated with longer PFS (P = 0.035, Figure S1). No signi cant correlation between clinical outcomes
and baseline PD-L1 expression on ICs/TCs or PD-1 expression on ICs was observed (P > 0.05 for all)(10).
Moreover, we explored the associations between clinical outcomes and changes of these immune
parameters at eight weeks after treatment. A greater increase (> 15%) of tumor-in ltrating CD8+ T cells at
eight weeks after treatment was associated with ORR (Fig. 1, P = 0.040), but not with longer PFS or OS (P
= 0.181, and 0.563, respectively). There was no correlation between clinical outcomes and changes of PDL1 expression on ICs/TCs, TILs or PD-1 expression on ICs at eight weeks after treatment (P > 0.05 for all),
indicating the response to this combinational immunotherapy is independent of the expression of PDL1/PD-1 in tumor.

3.3. Peripheral blood biomarker assessment
We evaluated the association between germline BRCA1/2 status and ORR. Among the 28 evaluable
patients, 26 patients have known germline BRCA1/2 status, with two BRCA1 mutations and one BRCA2
mutation. There was no statically signi cant correlation between germline BRCA1/2 status and ORR (P =
0.449).
Using the ProcartaPlexHuman Cytokine/Chemokine/Growth Factor Panel and the Immuno-Oncology
Checkpoint Panel assay, the peripheral blood samples from 25 evaluable patients were measured for the
amount of 59 cytokines/chemokines, growth factors, or soluble checkpoint-related proteins. The baseline
plasma levels of HGF and IL-8 were signi cantly lower in responders (partial response, PR) than in nonresponders (stable disease, SD or progressive disease, PD) (HGF: 74.37 pg/ml vs. 110.99 pg/ml, P =
0.005; IL-8: 0 vs. 2.15 pg/ml, P = 0.001; Fig. 2a and 2b). Patients with lower baseline HGF or IL-8 showed a
signi cantly longer PFS and OS compared with those with higher baseline HGF or IL-8 (HGF:
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PPFS<0.0001, POS<0.0001; IL-8: PPFS<0.0001, POS=0.009; Fig. 2c-2f). Moreover, the fold changes of plasma
IL-8, NGF-beta, FGF-2, TIM-3 and CD152 at 8 weeks after treatment from baseline were signi cantly
correlated with the response to camrelizumab plus apatinib therapy (P = 0.008, 0.019, 0.005, 0.040, and
0.014, respectively, Fig. 3).
Next, we assessed the correlations between baseline plasma protein levels and incidences of different
treatment-related adverse effects (TRAE). Details of TRAE of the enrolled patients were reported
previously(10). We divided TRAE into 10 categories, including hematological, neuropsychiatric, skin,
gastrointestinal, urinary, cardiovascular, hemorrhagic, respiratory, endocrine, and other adverse effects.
We observed that the patients with lower baseline plasma IL-18, or IFN-γ levels were more likely to suffer
from gastrointestinal TRAEs (P = 0.007 and 0.031, respectively, Fig. 4a and 4b), whereas patients with
higher baseline plasma VEGF-A or MIP-1ß were more likely to have respiratory TRAEs (P = 0.043 and
0.049, respectively, Fig. 4c and 4d). Additionally, patients with higher baseline plasma TIM-3, IL-18, IFN-γ,
CD152, or CD28 levels were more likely to suffer from skin side effects (P = 0.025, 0.014, 0.021, 0.030 and
0.043, respectively, Fig. 4e-4i).
The immune cell subpopulations in peripheral blood were examined at baseline for all 28 evaluable
patients, and at both 2 and 8 weeks after treatment for 26 of them. The proportions of CD4+ T cells in
blood decreased signi cantly at 2 and 8 weeks after treatment compared with that at baseline (P = 0.035,
0.018, respectively, Figure S2a). All PR patients displayed a CD4+ T cells percentage > 31% at baseline,
while only 46.7% of SD/PD patients displayed a CD4+ T cells percentage > 31% at baseline (P = 0.002,
Fig. 5a). Moreover, the patients with higher CD4+ T cells proportions at baseline showed a signi cantly
longer PFS than those with lower proportions of CD4+ T cells (5.9 vs. 2.0 months, P < 0.001, Fig. 5b),
although the difference of OS was not statistically signi cant (11.3 vs. 5.9 months, P = 0.646, Figure
S2b). The proportion of B cells in blood signi cantly decreased at 2 weeks after treatment compared with
that at baseline (P < 0.001, Figure S2c). 76.9% of PR patients displayed a B cells percentage > 13% at
baseline, while 33.3% of SD/PD patients displayed a B cells percentage > 13% at baseline (P = 0.030,
Fig. 5c). Patients with higher baseline B cells proportions showed a statistically longer OS than those with
lower baseline proportions of B cells (not reached vs. 4.6 months, P = 0.030, Fig. 5d), although the
difference of PFS was not statistically signi cant (5.9 vs. 3.0 months, P = 0.126, Figure S2d). Together,
these results indicate that higher percentage of CD4+ T cells or B cells in blood at baseline could serve as
biomarkers to predict the response to combinational immunotherapy and better prognosis.
The proportion of NK cells in blood signi cantly increased at 2 weeks after treatment compared with that
at baseline (P = 0.003, Figure S3a). However, there were no signi cant correlations between the response
and the baseline proportions of NK cells, Tregs and CD8+ T cells (P > 0.05 for all).
To explore the impact of PD-1 expression on immune cells, the subpopulations of CD4+PD-1+ T cell,
CD8+PD-1+ T cell and PD-1+ B cell was measured in 25 evaluable patients. The proportions of CD4+PD-1+
T cells or CD8+PD-1+ T cells at 2 or 8 weeks after treatment signi cantly decreased compared with those
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at baseline (P < 0.001, Figure S3b-3c). Nevertheless, none of the baseline proportions of CD4+PD-1+ T
cells, CD8+PD-1+ T cells and PD-1+ B cells was found to be associated with the response to
combinational immunotherapy (P > 0.05 for all). Additionally, the response to immunotherapy was not
associated with the fold changes of any immune cell subpopulations at 2 or 8 weeks after treatment
from baseline (P > 0.05 for all).

4. Discussion
In this study, we examined several tissue and blood markers and explored their association with clinical
response to a combinational therapy of immune checkpoint blockade and anti-angiogenesis in treating
advanced TNBC patients. We have demonstrated that advanced TNBC patients with more baseline TILs
or a greater increase of tumor-in ltrating CD8+ T cells during therapy, or with lower baseline plasma HGF
or IL-8 levels, or a decrease of plasma IL-8, or an increase of plasma TIM-3 or CD152 during treatment, or
with higher baseline blood CD4+ T cells or B cells proportion may bene t more from camrelizumab plus
apatinib combinational therapy. Additionally, we observed that distinct baseline plasma proteins might
predict different TRAEs during this combinational therapy.
Previous studies showed that several biomarkers such as PD-L1/PD-1 expression on TCs or ICs, and
stromal TILs and CD8+ T cells may predict the response to anti-PD-1/PD-L1 cancer therapy(7, 16). We
reported priorly that neither baseline PD-L1 expression on ICs nor that on TCs correlated with ORR or
prolonged PFS, and the in ltration of baseline CD8+ T cells, and PD-1 expression on ICs also did not
correlate with outcomes; but a high percentage of baseline TILs was associated with higher ORR and
favorable PFS(10). Here in this study, we found that advanced TNBC patients with more baseline TILs (>
10%) or a greater increase (> 15%) of tumor-in ltrating CD8+ T cells 8 weeks after treatment were more
sensitive to camrelizumab plus apatinib combinational therapy. This nding is consistent with prior earlyphase trials. For instance, a phase I trial of atezolizumab monotherapy in metastatic TNBC found that
improved clinical activity was associated with higher levels of tumor CD8+ T cells, and TILs(7).
Using the ProcartaPlexHuman Cytokine/Chemokine/Growth Factor Panel and the ProcartaPlexHuman
Immuno-Oncology Checkpoint Panel, we found that patients with lower baseline plasma HGF or IL-8
levels, or a decrease of plasma IL-8, or an increase of plasma TIM-3 or CD152 level at 8 weeks after
treatment may bene t more from camrelizumab with apatinib. Recent studies showed that high serum
levels of the c-MET ligand HGF correlated with increasing neutrophil counts, which was associated with
poor responses to checkpoint blockade therapies(17–20). IL-8 is secreted by malignant tumor and
stroma cells across many different types of tumor, and is a member of the CXC chemokine family
identi ed as a chemotactic factor for neutrophils(21–23). A previous study also reported that decreases
in serum IL-8 level 2–4 weeks after anti-PD-1 blockade therapies were strongly associated with response
to immune checkpoint blockade in metastatic melanoma and NSCLC patients(24). Furthermore, higher
serum TIM-3 or CD152 (also known as CTLA-4) level may indicate a more favorable clinical outcomes in
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advanced cancer patients, and higher baseline serum TIM-3 or CD152 can predict response to immune
checkpoint blockade in patients with metastatic gastrointestinal tract cancer(15, 25, 26).
Recent studies found that tumor-in ltrating B cells predict a better response to immunotherapy in several
kinds of solid tumors, including melanoma, renal cell carcinoma, and sarcoma(27–29). A retrospective
study found that higher baseline blood CD4+ T cells may predict the outcome of anti-PD-1 treatment in
patients with advanced non-small cell lung cancer(30). Another study found that blood CD4+ memory T
cell subsets played an important role in response to anti-CTLA-4 therapy in melanoma patients(31).
However, very few studies have focused on peripheral blood B cells or CD4+ T cells and their impact on
the response to immune checkpoint blockade in breast cancer patients. In this study, we observed that
advanced TNBC patients with higher baseline blood CD4+ T cells or B cells proportion may bene t more
from camrelizumab plus apatinib combinational therapy. This suggests that pre-treatment blood CD4+ T
cells and B cells proportions may be useful biomarkers for predicting potential patients who may bene t
more from camrelizumab plus apatinib therapy.
The sample size in this study is small, thus the conclusions should be interpreted with caution. The
biomarkers will be validated in an ongoing phase III randomized clinical trial. Additionally, we only
performed tumor tissue biopsy at 8 weeks after treatment, so we cannot study the associations between
ephemeral changes of tumor immune microenvironment during treatment and the treatment response.

5. Conclusions
In conclusion, this perspective study have assessed the baseline and dynamic change of tumor and
blood biomarkers to predict the response to camrelizumab plus apatinib combinational therapy in
patients with advanced TNBC. We found that more baseline TILs or a greater increase of tumorin ltrating CD8+ T cells during therapy, or lower baseline plasma HGF/IL-8, or a decrease of plasma IL-8,
or an increase of plasma TIM-3/CD152 during therapy, or higher baseline blood CD4+ T cells or B cells
proportion may identify responders to camrelizumab plus apatinib combinational therapy. Further
perspective studies with larger sample size are needed to con rm these ndings.
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progression-free survival
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immune cells
TCs
tumor cells
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partial response
SD
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PD
progressive disease
TRAE
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Figure 1
Association between the changes of tumor-in ltrating CD8+ T cells during therapy and the objective
response rate. Changes of tumor-in ltrating CD8+ T cells during therapy in PR patients, and SD/PD
patients.
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Figure 2
Associations of plasma proteins levels and clinical outcomes. Baseline plasma a HGF or b IL-8 levels in
responders and non-responders; c Progression-free survival or d overall survival strati ed by baseline
plasma HGF level. e Progression-free survival or f overall survival strati ed by baseline plasma IL-8 level.
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Figure 3
Fold changes of plasma IL-8, NGF-beta, FGF-2, TIM-3 and CD152 from 8 weeks after treatment to
baseline in responders and non-responders.
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Figure 4
Associations of baseline plasma proteins levels and TRAE. Baseline plasma a IL-18 or b IFN-γ level in
patients with and without gastrointestinal TRAEs; Baseline plasma c VEGF-A or d MIP-1ß level in patients
with and without respiratory TRAEs; Baseline plasma e TIM-3 or f IL-18 or g IFN-γ or h CD152 or i CD28
level in patients with and without skin TRAEs.
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Figure 5
Associations of blood immune cell subpopulations and clinical outcomes. a Baseline proportion of CD4+
T cells in responders and non-responders; b Progression-free survival strati ed by baseline CD4+ T cells
level; c Baseline proportion of B cells in responders and non-responders; d Overall survival strati ed by
baseline B cells level.
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