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CAN017, a novel anti-HER3 antibody, exerted  
great potency in mouse avatars of esophageal  
squamous cell carcinoma with NRG1 as a biomarker
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Abstract: CAN017 (AV-203), a novel anti-HER3 antibody, exerts very promising anti-tumor activities in several human 
tumor models. The aim of this study was to further investigated the efficacy and possible responsive biomarkers 
of CAN017 in esophageal squamous cell carcinoma (ESCC) with Chinese characteristics. Two separate cohorts of 
ESCC patient-derived xenograft (PDX) models including 24 (cohort 1 as training models, from Crown Bioscience Inc.) 
and 22 (cohort 2 as validating models, from Peking University Cancer Hospital) models, respectively, were used to 
study the efficacy and safety of CAN017, as well as the correlation of NRG1 expression to the response of CAN017. 
In cohort 1, all PDX models showed good tolerance to CAN017 and 8 out of 24 (33.3%) PDX models responded to 
CAN017 with tumor growth inhibition (TGI) ≥70% compared to controls. Furthermore, the efficacy of CAN017 was 
positively correlated with NRG1 expression and the response rates in cohort 1 were 73% (8/11) versus 0% (0/13) 
in NRG1 high and low expression models, respectively. These results were also validated in PDX models of cohort 
2 indicated as the powerful anti-tumor activity of CAN017 in PDX models with NRG1 high expression. In our study, 
HER3-targeting therapy was first demonstrated to have potency in inhibiting ESCC tumor growth, and NRG1 served 
as a predictive biomarker to screen patients in future clinical trials.

Keywords: ESCC, anti-HER3 therapy, NRG1, PDX model

Introduction

The morbidity of esophageal cancer in China is 
very high with more than half of the global 
cases (53%) [1], however, it’s greatly different 
from the western countries that more than 95% 
Chinese cases are histopathologically diag-
nosed as esophageal squamous cell carcinoma 
(ESCC) [2]. Moreover, due to the low proportion 
of patients with early diagnosis and treatment, 
most of the ESCC patients were diagnosed at a 
later stage with poor prognosis [3-5]. For 
patients with advanced ESCC, systematic treat-
ment based on drug therapy is still the main 
strategy, but almost all new targeted drugs 

developed for ESCC have been failed except for 
the newly approved Pembrolizumab for second-
line therapy [6-10]. Therefore, it’s urgent to 
develop new drugs to improve the prognosis of 
ESCC. 

For several years, targeted HER (human epider-
mal receptor) family drugs have been the focus 
of new drug research and development. As one 
of the members of HER family, HER3 has its 
unique biological characteristics such as lack-
ing intrinsic tyrosine kinase activity and forming 
heterodimer with HER2 rather than forming 
homodimers followed by the activation of down-
stream signals [11-13]. Also, as a ligand of 
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HER3, neuregulin 1 (NRG1) is very important to 
promote the heterodimerization of HER3 and 
other HER family members [14] and is identi-
fied as a predictive biomarker for HER3 target-
ing therapy in multiple solid tumors. It was 
reported that HER3 frequently expressed in 
several cancers including ESCC and its overex-
pression was correlated with poor prognosis, 
as well as the close correlation between NRG1 
upregulation with HER3 activation and poor 
prognosis [15-21]. Although no HER3-targeting 
therapy was approved for cancer treatment 
nowadays, new drugs targeting HER3 demon-
strated the promising application potential, 
especially the report of U3-1402 in 2019 ASCO 
annual meeting.

CAN017, also known as AV-203, is a humanized 
antibody that plays its role via blocking bo- 
th ligand-dependent and ligand-independent 
HER3 signalings [22]. The only one preclinical 
study showed the strong anti-tumor activity of 
CAN017 in several human tumor models with 
NRG1 high expression, but only one ESCC cell 
line KYSE-150 was contained and explored  
in this study [23]. Although KYSE-150 cells 
derived xenograft showed response to CAN017, 
the definite efficacy and safety of CAN017 in 
ESCC were unclear. In order to provide reliable 
evidences for future clinical trials in ESCC, this 
study was designed to investigate the efficacy, 
safety, and potential biomarkers of CAN017 
using the optimal ex vivo mouse avatars (also 
known as patient-derived xenograft models, 
PDX models) which were highly consistent with 
patients. 

Materials and methods

Reagents

CAN017 antibody (Anti-HER3-hIgG1/κ) was 
kindly provided by CANBridge Life Sciences Ltd. 
(Beijing, China) and dissolved in saline at a 
stock concentration of 50 mg/mL, and then 
stored at 2-8°C until used. Control hIgG (Anti-
Hel-hIgG1) was purchased from CrownBio 
(Jiangsu, China) and stocked at a concentration 
of 4.8 mg/mL in 4°C once dissolved in saline. 

In vivo animal studies 

Female BALB/c nude mice and nonobese  
diabetic/severe combined immunodeficiency 
(NOD/SCID) mice with 6-8 weeks old (Beijing 
HFK Bio-Technology Co., LTD, Beijing, China) 

were used in this study. All procedures related 
to animal handling, care and treatment were 
performed under sterile conditions at an  
specific pathogen free (SPF) facility in accor-
dance of the guidance of the Association for 
Assessment and Accreditation of Laboratory 
Animal Care (AAALAC). Two separate cohorts of 
ESCC patient-derived xenograft (PDX) models 
were used in this study and the procedure of 
establishment was described as previous 
report [24]. A total of 24 PDX models of cohort 
1 were established using BALB/c nude mice by 
Crown Bioscience Inc. and 22 PDX models of 
cohort 2 were established using NOD/SCID 
mice in Peking University Cancer Hospital. 

When the subcutaneous tumors reached 
150~200 mm3, mice were randomly assigned 
to 3 treatment groups with at least 5 mice per 
group: (1) vehicle control: received 100 μl PBS; 
(2) hIgG control: received hIgG at a dose of 20 
mg/kg; (3) CAN017 group: received CAN017 at 
a dose of 20 mg/kg. The mice were treated 
every 3 days by intraperitoneal injection for 3-5 
weeks followed by the sacrifice. The tumor vol-
ume and body weight of mice were monitored 
twice weekly, and the tumor volume was calcu-
lated using the following formula: Volume = (a × 
b2)/2 where A and B are the long and short 
diameters of the tumors, respectively. Tumor 
suppression activity was expressed as tumor 
growth inhibition (TGI) using the following for-
mula: TGI% = [1-(ΔT/ΔC)] × 100% (ΔT represents 
the tumor volume change of the drug-treated 
group over the course of treatment, ΔC repre-
sent the tumor volume change of vehicle con-
trol group over the course of treatment). In this 
study, the responder to CAN017 was judged  
as TGI% ≥70%, otherwise, it was judged as 
nonresponder. 

RNAseq for HER3 and NRG1 expression analy-
sis

Total mRNA was extracted using TRIzol reagent 
(Invitrogen, CA, USA) from frozen xenograft tis-
sues prior to treatment according to the manu-
facturer’s instructions followed by the evaluta-
tion of concentrations using NanoDropTM spec-
trophotometer. As described as previously 
reported [25], RNAseq and subsequent data 
analysis were performed by Novogene Bioin- 
formatics Institute (Beijing, China) and library 
preparations were sequenced on a Hi-seq 
2500 platform (Illumina) as per manufacturer’s 
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recommendation. STAR v2.5.1b was used to 
align the raw reads to genome sequences and 
HTSeq v0.6.1 was used to count the reads 
numbers and calculate fragments per kilobase 
of transcript sequence per millions base pairs 
sequenced (FPKM) of each gene. Gene expres-
sion level were measured by log2 (FPKM+1).

Quantitative real-time PCR for NRG1 expres-
sion analysis

Total RNAs from formalin fixed paraffin embed-
ded (FFPE) tissues prior to treatment were iso-
lated using RNeasy FFPE kit (Qiagen, Hilden, 
Germany) followed by the evalutation of con-
centrations using NanoDropTM spectrophotom-
eter. After reverse transcription using High 
Capacity cDNA reverse Transcriptase Kit 
(Applied Biosystems, Foster City, CA), quantita-
tive real-time PCR analyses were performed 
using TaqMan Universal PCR master Mix 
(Applied Biosystems, USA) as previously study 
[23]. The TaqMan probes were Hs01101538_
m1 (Human NRG1) and Hs02758991_g1 
(Human GAPDH), and NRG1 expressions were 
normalized to GAPDH according to the compar-
ative threshold cycle (Ct) with at least three 
repeated times. For correlation analysis, ΔCt 
values which normalized to GAPDH were used 
as an inversely proportional parameter to 
assess correlations with activity of CAN017. 

Immunohistochemistry (IHC) analysis for HER3 
and NRG1 protein expression

FFPE sections prior to treatment with 4 micron 
thickness were performed by IHC staining  
for evaluation of HER3 or NRG1 expressions. 
NRG1 (rhNRG1-β1) antibody was purchased 
from R&D Systems (396-HB-050), antibody to 
HER3 (#12708) was purchased from Cell 
Signaling Technology. Sections were incubated 
with anti-HER3 antibody (diluted at 1:250) and 
anti-NRG1 antibody (diluted at 1:20) at 4°C 
overnight, respectively. HER3 and NRG1 scores 
(scores 0, 1+, 2+, 3+) were interpreted by the 
professional pathologist based on the reported 
criteria of HER2 evaluation [26]. 

Statistical analysis

Graphs and statistical analysis were performed 
using GraphPad Prism 8.0 or SPSS 23.0 in this 
study. Error bars on growth curves were shown 
as standard deviations (SDs). Tumor growth  
differences between groups were compared 

using repeated measures ANOVA t test. Sur- 
vival analysis for probability of tumor progres-
sion-free mice was performed by the Kaplan-
Meier method (log-rank test). The Pearson  
correlation test was applied to define the asso-
ciations between NRG1 or HER3 expressions 
and the efficacy of CAN017. The optimal cut-off 
point of NRG1 expression was determined as 
the point at which the Youden index was maxi-
mized based on receiver operating characteris-
tic curves (ROC). Statistically significant P value 
was indicated as: **P < 0.01; ***P < 0.001; 
****P < 0.0001; ns, not significant.

Results

Confirmation of anti-tumor activity and toler-
ance of 20 mg/kg CAN017 in ESCC PDX mod-
els

In the previous preclinical study of CAN017, 20 
mg/kg CAN017 was confirmed to be good safe-
ty and high effectiveness [23]. In order to 
reconfirm the in vivo tolerance and activity of 
20 mg/kg CAN017 in ESCC, two ESCC PDX 
models (ES0199 and ES0195) were selected 
randomly from cohort 1 and used at first. When 
subcutaneous tumor volume was about 150 
mm3, three groups of each PDX model were 
given vehicle control, 20 mg/kg hIgG, and 20 
mg/kg CAN017, respectively, every three days 
for 3-5 weeks. Good tolerance and safety  
were found in two PDX models, as evidenced by 
their clever action and stable body weight 
(Figure 1A). Moreover, 20 mg/kg CAN017  
demonstrated different anti-tumor activity in 
these two PDX models (Figure 1B). It was strik-
ing that the anti-tumor activity of CAN017 in 
ES0199 model was very strong with TGI of 
105.92%. At the end of drug treatment, the 
probability of tumor progression-free mice in 
ES0199 was significant higher than that in 
ES0195 (Figure 1C), which suggested high anti-
tumor activity of CAN017 could inhibit tumor 
progression. 

CAN017 exerted a very promising efficacy in 
large sample PDX models 

The definite anti-tumor activity of CAN017 was 
further explored in other 22 ESCC PDX models 
of cohort 1 based on the results above. All PDX 
models were tolerant to CAN017 and TGI 
ranged from -40.48% to 135.11%. Seven out  
of 22 PDX models responded to CAN017 with 
TGI ≥70% compared to controls (Figure 2A). 
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Together with the above two PDX models, 
33.3% (8/24) PDX models in cohort 1 showed 
response to CAN017 (Figure 2B and Table S1). 
Totally, compared to hIgG control group (mean 
TGI: -6.23 ± 7.8%), CAN017 (mean TGI: 43.91 ± 
9.6%) exerted significant anti-tumor activity (P 
< 0.001; Figure 2C). These results suggested 
that CAN017 demonstrated a very promising 
efficacy in ESCC.

NRG1 rather than HER3 expression as a pre-
dictive biomarker for CAN017

As an anti-HER3 antibody, HER3 and its pre-
dominant ligand NRG1 were focused on in this 

higher NRG1 mRNA expression, the better effi-
cacy of CAN017. 

To further evaluate the potential accuracy asso-
ciated with NRG1 mRNA expression in predict-
ing CAN017 efficacy, ROC curve was performed 
to identify suitable NRG1 ΔCt threshold for 
future screening patients (Figure 3D). The area 
under the curve (AUC) was 0.922 and a NRG1 
ΔCt threshold 7.79 point showed the maximum 
Yoden index (Table S3). Based on this thresh-
old, 11 and 13 PDX models in cohort 1 were 
classified to NRG1-high and NRG1-low groups 
(Table S2), respectively, with corresponding 

Figure 1. Tolerance and efficacy of CAN017 in ES0199 and ES0195 PDX 
models. A. Body weights of mice during treatment. Data were presented as 
means ± SDs. B. Tumor growth curves showed the in vivo activity of CAN017 
in ES0199 and ES0195 PDX models treated with vehicle control, hIgG control 
(20 mg/kg) and CAN017 (20 mg/kg) every 3 days. Data were indicated as 
means ± SDs. The anti-tumor activity was depicted by TGI with 105.92% and 
44.86% in ES0199 and ES0195 PDX models, respectively. C. Kaplan-Meier 
graph showed the probability of tumor progression-free mice in ES0199 and 
ES0195 PDX models during the treatment. **P < 0.01; ns, not significant 
by log-rank test.

study based on the pre- 
vious reported study [23]. The  
staining scores of HER3 and 
NRG1 protein expression were 
shown in Table S1, and nei-
ther HER3 (Pearson R2 = 0.13; 
P = 0.09) nor NRG1 protein 
expressions (Pearson R2 = 
0.07; P = 0.2) were correlated 
with the efficacy of CAN017 
(Figure 3A). Furthermore, 
based on RNAseq results 
(Table S1), there was also no 
obvious correlation between 
HER3 mRNA expression and 
the efficacy of CAN017 
(Pearson R2 = 0.087; P =  
0.16; Figure 3B). However, it 
was very interested that  
higher expression of NRG1 
mRNA evaluated by RNAseq 
was positively correlated with 
higher TGI of CAN017 (Pear- 
son R2 = 0.37; P < 0.01; Fi- 
gure 3B). To facilitate poten-
tial clinical application, we 
also evaluated the NRG1 
mRNA expression by RT-PCR 
(Table S2) and found a great 
correlation between RNAseq 
and RT-PCR for NRG1 mRNA 
quantification (Pearson R2 = 
0.71; P < 0.001; Figure S1A).  
A significantly inverse lin- 
ear relationship between the 
NRG1 ΔCt and the efficacy of 
CAN017 was found (Pearson 
R2 = 0.31; P < 0.01; Figure 
3C), which suggested that the 
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Figure 2. Efficacy of CAN017 in large ESCC PDX models in cohort 1. A. Tumor growth curves showed the in vivo activity of 22 ESCC PDX models treated with vehicle 
control, hIgG control (20 mg/kg) and CAN017 (20 mg/kg) every 3 days. Data were expressed as means ± SDs for at less five mice in each group. The anti-tumor ac-
tivity was depicted by TGI described in each picture. B. Waterfall plot displayed the different response to CAN017 of 24 PDX models in cohort 1. Dotted line indicated 
the TGI of 70%. C. Comparison of tumor growth inhibition between hIgG group and CAN017 group. ***P < 0.001 analyzed by unpaired two-tailed t test.
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Figure 3. Correlation between HER3 and NRG1 expression and the efficacy of CAN017 in 24 PDX models in cohort 1. A. Pearson correlation plots of the HER3 and 
NRG1 protein expressions evaluated by IHC in FFPE tumors and the efficacy of CAN017 in PDX models (n = 24). The linear regression was shown by a solid line, and 
95% confidence interval (CI) of the values fitted by linear regression was shown by dark dotted lines. R2, the coefficient of determination. B. Pearson correlation plots 
of the HER3 and NRG1 mRNA expression quantified by RNAseq in tumors and the efficacy of CAN017 in PDX models (n = 24). The linear regression was shown by a 
solid line, and 95% CI of the values fitted by linear regression was shown by dark dotted lines. C. Pearson correlation plots of the NRG1 mRNA expression quantified 
by RT-PCR in FFPE tumors and the efficacy of CAN017 in PDX models (n = 24). The linear regression was shown by a solid line, and 95% CI of the values fitted by 
linear regression was shown by dark dotted lines. D. ROC curve analysis for the NRG1 ΔCt threshold to predict the response of CAN017. AUC, area under curve. E. 
Comparison of the efficacy of CAN017 between NRG1-high and NRG1-low PDX models. ****P < 0.0001 analyzed by unpaired two-tailed t test.
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response rates were 73% versus 0% (P < 
0.0001; Figure 3E).

Validation of CAN017 efficacy guided by NRG1 
expression in prospective cohort 2 

To validate the retrospective results from 
cohort 1, another separate cohort 2 including 
22 ESCC PDX models were prospectively test-
ed. All PDX tissues prior to CAN017 treatment 
were evaluated for the NRG1 mRNA expres- 
sion by RT-PCR to guide model selection in sub-
sequent biomarker-driven prospective study. 
Based on NRG1 expression, a total of 5 PDX 
models with NRG1-high (E4, E28, E16 and  
E20) and NRG1-low (E32, as negative control) 
expressions were selected to validate the effi-
cacy of CAN017. As expected, the TGI of 
CAN017 in four NRG1-high models was  
69.30%, 88.53%, 125.80%, and 118.87%, 
which were significantly higher than that in 
NRG1-low model (24.45%; Figure 4A and 4B). 
Although the TGI in E4 (69.3%) with NRG1-high 
expression was slightly lower than 70%, the 
promising anti-tumor activity of CAN017 in 
NRG1-high expression ESCC was well worth 
validated in future clinical trials.

Discussion

Chemotherapy and radiotherapy didn’t show 
major breakthrough in the overall survival for 

advanced ESCC for decades, which proposed 
the urgent need for new drug development.  
In this study, we first showed the promising 
therapeutic potential of an anti-HER3 antibody 
CAN017 in ESCC PDX models which highly sim-
ulated patients and warranted the reliable 
results. More importantly, NRG1 mRNA expres-
sion could be used to screen suitable patients 
of CAN017 treatment, which was very helpful 
for precision therapy guided by stratified 
biomarkers. 

HER3 is the most potent activator of the PI3K/
AKT pathway among four HER receptors, and 
plays an essential role in tumor development, 
tumorigenesis and cancer progression in many 
tumors, such as gastric cancer, melanomas, 
and breast cancer [27-29]. Also, activation of 
HER3 was reported to be involved in resistance 
to anti-EGFR or anti-HER2 therapeutics [28], 
emphasizing the importance of developing 
effective agents that specifically inhibited the 
HER3. Several antibodies targeting HER3 had 
been reported to exhibit anti-tumor activity in 
vivo [30-32], however, none had been approved 
for clinical practice. As a novel anti-HER3 inhibi-
tor, CAN017 demonstrated extensive preclini-
cal anti-tumor activity in several tumors [23] 
and in our ESCC PDX models, and was well tol-
erated in a phase I study (NCT01603979) with-
in a certain dose range [33]. All these results 
indicated the great potential of CAN017. 

Figure 4. Efficacy of CAN017 prospectively guided by NRG1 expression in cohort 2. A. Tumor growth curves showed 
the in vivo activity of 5 ESCC PDX models treated with vehicle control and CAN017 (20 mg/kg). Data were expressed 
as means ± SDs for at less five mice in each group. The anti-tumor activity was depicted by TGI as described in each 
picture. B. NRG1 mRNA expression levels of 5 ESCC tumors and the efficacy of CAN017 on PDX models. Blue dotted 
lines showed the threshold of NRG1 ΔCt and the TGI of 70%, respectively.
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In the previous study, CAN017 demonstrated 
anti-tumor activity in NSCLC (non-small cell 
lung cancer) and head and neck tumors [25]. 
Therefore, 3 NSCLC and 3 head and neck PDX 
models from Crown Bioscience were used to 
detect the efficacy of CAN017 in parallel, and 
the results were similar with reported study 
(Figure S2A and S2B) [23]. In recent years, bio-
marker-driven targeted therapy was extremely 
popular and would be the main direction of 
future trials. Both Meetze K et al and other 
groups suggested NRG1 could be identified  
as a predictive biomarker for HER3-targeting 
therapy in both preclinical studies and clinical 
samples [23, 32, 34-37], which was also vali-
dated in our study of cohort 1 indicated as the 
positive correlation between NRG1 mRNA 
expression and CAN017’s efficacy. However, a 
good correlation was found between NRG1 
mRNA and protein expressions in 32 tumor tis-
sues reported by Meetze K et al [23], which  
was not validated in our study (Pearson R2 = 
0.001; P = 0.87; Figure S1B). The clear correla-
tion between NRG1 mRNA and protein expres-
sions needed to be further investigated in pre-
clinical and clinical samples. 

To facilitate the detection of NRG1 easily in 
future clinical trials, we also compared the 
NRG1 mRNA expressions in cryopreserved 
tumor samples and archived FFPE tumor sam-
ples. A strong correlation of NRG1 expressions 
between cryopreserved tumors and FFPE 
tumors was found (Pearson R2 = 0.88; P < 
0.0001; Figure S1C), which ensured the feasi-
bility of clinical NRG1 detection using easily 
accessible FFPE samples. Moreover, if possi-
ble, the detection methods and the cut-off cri-
teria for NRG1 expression also needed to be 
optimized and defined due to the lack of stan-
dard consensus [23, 38]. 

It was well known that most of the targeted 
drugs displayed a good anti-tumor activity by 
combining with other drugs, such as anti-HER3 
therapy combined trastuzumab in gastric can-
cer and anti-HER3 antibody combined cyto- 
toxic drugs in melanoma [39, 40]. Also, we 
found CAN017 could overcome the secondary 
resistance of trastuzumab in gastric cancer 
PDX models (unpublished data), which was con-
sistent with the result in breast cancer [41]. 
Further studies would be conducted to explore 
the combined strategy for CAN017 in ESCC. 

In summary, this study first demonstrated that 
CAN017 might be a potential therapeutic drug 
for ESCC and highlighted the importance of 
NRG1 as a potential predictive marker for 
future clinical trials. In the following study, the 
combined strategy of CAN017, the role of 
NRG1, and the resistant mechanisms of 
CAN017 in ESCC would be further investigated 
in vivo and in vitro.  
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Table S1. Summary of the efficacy of CAN017, HER3 and NRG1 expressions on PDX models of cohort 
1

PDX model ID TGI (%) HER3 IHC score NRG1 IHC score HER3 RNAseq 
(log2 (FPKM+1))

NRG1 RNAseq 
(log2 (FPKM+1))

ES0214 135.11 3+ 1+ 5.97 2.98
ES0191 116.56 1+ 2+ 6.21 1.54
ES0042 109.43 1+ 2+ 4.16 3.68
ES0199 105.92 3+ 3+ 5.14 3.35
ES0147 100.62 2+ 3+ 7.17 2.3
ES0176 79.63 1+ 2+ 5.06 2.98
ES0190 78.42 1+ 2+ 4.93 3.37
ES0141 74.35 1+ 1+ 3.93 2.88
ES0189 60.26 1+ 3+ 5.74 -0.53
ES2411 45.06 1+ 1+ 4.9 1.2
ES0195 44.86 3+ 1+ 5.08 1.84
ES0172 44.58 2+ 1+ 5.14 1.14
ES0218 25.23 2+ 1+ 3.17 0.17
ES0201 24.05 1+ 3+ 5.73 1.72
ES0219 23.67 1+ 1+ 5.84 0.35
ES2267 16.09 1+ 2+ 7.98 -2
ES6824 14.61 1+ 1+ 5.26 -1.85
ES0148 13.13 0 3+ 6.42 -2
ES0026 6.78 1+ 2+ 3.54 2.52
ES2263 0.57 2+ 2+ 1.44 3.55
ES0215 -2.04 1+ 2+ -0.42 -0.72
ES0630 -6.04 0 1+ 3.54 0.78
ES0204 -16.49 1+ 1+ 5.32 0.3
ES0136 -40.48 1+ 1+ 5.56 -1.12

Table S2. Summary of NRG1 expressions 
evaluated by RT-PCR on 11 NRG1-high and 
13 NRG1-low PDX models of cohort 1
Groups PDX model ID ΔCt (NRG1)
NRG1-high ES0214 4.05848333

ES2263 4.536124333
ES0176 5.505088333
ES0141 5.618715
ES0191 5.837773667
ES0199 6.643713333
ES0147 6.866417
ES0195 6.874196
ES0042 6.914877333
ES0172 7.077805333
ES0190 7.426407667

NRG1-low ES0630 8.162932333
ES0026 8.552053
ES0201 9.356858333
ES0219 9.935386333
ES0204 10.724936
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ES0189 10.98290967
ES0215 11.179748
ES0218 11.378266
ES0136 12.225814
ES6824 13.306448
ES2411 14.76201567
ES2267 16.686158
ES0148 17.12613767

Figure S1. NRG1 expressions in tumor samples prior to treatment in cohort 1. A. Pearson correlation plots of the 
NRG1 mRNA expression detected by RNAseq and RT-PCR in PDX tumors (n = 24). B. Pearson correlation of the 
NRG1 mRNA and protein expressions in FFPE tumors (n = 24). C. Pearson correlation of the NRG1 mRNA expres-
sion in cryopreserved tumors and paired FFPE tumors. The linear regression was shown by a solid line, and 95% 
confidence interval (CI) of the values fitted by linear regression was shown by dark dotted lines. R2, the coefficient 
of determination.

Table S3. The data of AUC curves for analyzing the threshold of 
NRG1 ΔCt

Positive if less than or equal toa Sensitivity 1-Specificity Yoden Indexb

3.0585 0 0 0
4.2973 0.125 0 0.125
5.0206 0.125 0.063 0.062
5.5619 0.25 0.063 0.187
5.7282 0.375 0.063 0.312
6.2407 0.5 0.063 0.437
6.7551 0.625 0.063 0.562
6.8703 0.75 0.063 0.687
6.8945 0.75 0.125 0.625
6.9963 0.875 0.125 0.75
7.2521 0.875 0.188 0.687
7.7947 1 0.188 0.812
8.3575 1 0.25 0.75
8.9545 1 0.313 0.687
9.6461 1 0.375 0.625
10.3302 1 0.438 0.562
10.8539 1 0.5 0.5
11.0813 1 0.563 0.437
11.279 1 0.625 0.375
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11.802 1 0.688 0.312
12.7661 1 0.75 0.25
14.0342 1 0.813 0.187
15.7241 1 0.875 0.125
16.9061 1 0.938 0.062
18.1261 1 1 0
aThe smallest cut-off value was the minimum observed test value minus 1, and the 
largest cut-off value was the maximum observed test value plus 1. All the other 
cut-off values were the averages of two consecutive ordered observed test values. 
bYoden Index = Sensitivity-(1-specificity). A threshold with the maximum Yoden index 
meaned the optimal threshold (Shown in bold).

Figure S2. Efficacy of CAN017 on PDX models derived from head and neck cancer and NSCLC. A. Tumor growth 
curves showed the in vivo activity of CAN017 in 3 head and neck cancer PDX models. B. Tumor growth curves 
showed the in vivo activity of CAN017 in 3 NSCLC PDX models. Mice were randomized and treated with vehicle con-
trol, hIgG control (20 mg/kg) and CAN017 (20 mg/kg) when tumor volume reached approximately 150 mm3. The 
anti-tumor activity was depicted by TGI described in each picture. Data were presented as means ± SDs.


