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[ Abstract ]| Background and Purpose: The tumor immune microenvironment (TIME) of breast cancer with positive human
epidermal growth factor receptor 2 (HER?2) is significantly related to the efficacy of trastuzumab, indicating the clinical potential of
immunocheckpoint therapy combined with trastuzumab. This study aimed to explore the predictors of HER2-positive breast cancer
combination therapy and screen the potential beneficiaries of combination therapy. Methods: Transcriptome and genome data of 509
HER2-positive breast cancer samples of patients receiving trastuzumab treatment from Gene Expression Omnibus (GEO) database

and 67 HER2-positive breast cancer samples from The Cancer Genome Atlas (TCGA) databases were collected. Trastuzumab-
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resistant group’s differentially expressed genes were identified and analyzed for functional enrichment and protein-protein interaction.

The log-rank test and multivariate COX proportional hazards regression were used with clinical data to create the prediction model.

The TIME landscape was characterized using the CIBERSORT. The immunotherapy benefit was valued by the tumor immune

dysfunction and exclusion (TIDE) score. Results: The trastuzumab related genetic prognostic index (TRGPI) consisting of four

hub genes (GATA6, TRPV6, AMACR, ZHX2) was constructed by analyzing the immune microenvironment and gene expression

characteristics between trastuzumab-remission group and trastuzumab-resistance group. Importantly, the results revealed that patients

with lower TRPGI were trastuzumab-sensitive and more likely to benefit from immunotherapy because of the increased percentages

of CD8" T cells, active natural killer cells and programmed death-1 (PD-1) expression. Conclusion: This study redefined the benefit

population through TIME and provided a selectable strategy of trastuzumab plus immunotherapy for HER2-positive breast cancer.

[ Key words ] Tumor immune microenvironment; Trastuzumab; Immunotherapy; Human epidermal growth factor receptor

2-positive breast cancer; Prediction model

FLAM R — S BT B, I R L e e
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iE A K A F2Z K (epidermal growth factor
receptor, EGFR ) FKIEHELIARM#EIE . HER2EA
A S PTENFEN R ZJG . B RN 18
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B 9% 6 % 2 ih 22 PR B BT 25 19 AL 2
—, RN IIE G AE A (tumor immune
microenvironment, TIME ) 605 41 fifd i) 55

i/ ok T B T T B R 1 s 0
i 22 B BT A 40 P 7 1 AR T B 9 RN Y 9K
W, FEZALTE B ) 20 A 5 0 40 i
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1 ORIk

1.1 BESHEE
AAIFGE N 38 i FE K 63K ( Gene Expression
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% M % Bk PR PUR A BB Y ( GSE66305
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Fig. 3 Immune deficiency in trastuzumab-resistant patients

A, B: Volcano plot of RNA-seq gene expression changes in the trastuzumab-resistant neoadjuvant and adjuvant cohorts. C, D: KEGG pathway
analysis in the trastuzumab-resistant neoadjuvant and adjuvant cohorts. E, F: Top 10 candidate GO terms and pathways in the functional annotation
of GSEA of the trastuzumab-resistant neoadjuvant and adjuvant cohorts. G: Representative pathways of GSEA in the trastuzumab-resistant group
(P-adjust<0.05) of neoadjuvant and adjuvant cohorts..
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Significant differences between the two subgroups were assessed using the Wilcoxon test (NS: Not significant; *: P<0.05; ***: P<0.001).
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[K 43 ) 7E Luminal BRIAITNBCH 1 B A %5 5 19 3%
KK, FETCGABNFIH, E—2543H0r T L 44~
BB RTEA R ZLIR I T R P i Rk i, 5
IPCREG IR E N —3 (EISE) o LR RPR
ZHX2 . GATA6. AMACRFITRPV6I2 5% i i 2 2k
PABTIRYT IR 45 O OCEHEE R, DRI Ll A DAL R PR
175 S A TR (R RA
2.4 MERNER
TEHUGSES89841E Ml Zhf, AALL 4
AT 5 A 5 9 2 0 3 R A i 2 R R CO X L 44l
B AR IF 3 AR TRGPI
TRGPI= Zf (prognostic gene X coefficients) , Jf:
PAGSES553484E FMR £E VEA7T 00 7 B E . £ 1A
K COX EL i AU 21 U5 $2 75 TRGP L il 2 Bk H it
HITRE ML W R ER [ 445 HR=4.13

(1.33~12.82) , P=0.013 4; ZilF%:. HR=8.26
(2.54~26.85) , P=0.000 4, KI6A. 6B] . &
1w CHe S — L IEAS TRGPI TIEfE (YIZEEC
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Fig. 5 Trastuzumab-response related hub genes
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A: Correlation coefficient heatmap to demonstrate the immune characteristics of the hub genes. B: Kaplan-Meier analysis of the DDFS curves for
the four genes (of the 12 hub genes) with significant prognostic value (log-rank test, <<0.05). C: Univariate COX regression analysis of the 12 hub
genes. D: RTFQ-PCR validation of the four prognostic genes in breast cancer cell lines. E. Expression analysis of the four prognostic genes in TCGA
cohort. Significant differences between the two subgroups were assessed using the Wilcoxon test (NS: Not significant; *: P<0.05; **: P<0.01).
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Fig. 6 TRGPI construction and evaluation

Multivariate COX regression analysis of clinicopathological factors and T

RGPI in the training set (A) and test set (B). C: Kaplan-Meier survival

analysis of the TRGPI subgroups in the training set (left) and test set (right) (log-rank test, P<<0.05). D: ROC curve analysis of the prognostic value
of TRGPI for DDFS at 18 months and 36 months in the training set (left) and the test set (right). E: The TRGPI score curve showing the distribution
of patients under trastuzumab therapy in the test set. Significant differences between the two subgroups were assessed using the Wilcoxon test (*:

P<0.05; ***: P<0.001).
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Fig.7 Genomic features in TRGPI subgroups

A: Waterfall plots of 30 highly variant mutant genes demonstrated the mutation landscape in the TRGPI-low group (left) and TRGPI-high group (right).
B: Distribution of the top 10 somatic mutations VAF in the TRGPI-low group (upper) and TRGPI-high group (lower). C: The mutation co-occurrence
and exclusion analyses in TRGPI-low group (upper left) and TRGPI-high group (lower right). NS: No significance. D: Differences in TMB among
different TRGPI subgroups. Wilcoxon test was used to compare the statistical difference (NS: Not significant).
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Fig. 8 TIME characteristics in different TRGPI subgroups of the training set

A: The proportions of TIME cells in different TRGPI subgroups. Significant differences between the two subgroups were assessed using the Wilcoxon
test. B: The TRGPI grouping and proportions of TIME cells for 91 patients. Age, ER status, PR status, metastasis, DDFS, and TRGPI were used as
patient annotations. NS: Not significant; *: P<<0.05; ***: P<<0.001.
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Fig.9 TIME characteristics of TRGPI subgroups in neoadjuvant and adjuvant cohorts

A: The percentage of immune cells; B:The expression levels of PD-1, CTLA-4, IL-2, and IL-21 from different TRGPI subgroups were compared
in the neoadjuvant and adjuvant cohorts. Significant differences between the two subgroups were assessed using the Wilcoxon test. C: Immune
subtype analysis of TRGPI subgroups in the neoadjuvant and adjuvant cohorts. NS: Not significant; *: P<<0.05; **: P<<0.01; ***: P<<0.001; ****:
P<<0.000 1..
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Fig. 10 The TRGPI-low subgroups benefit more from ICI

A: MHC-I scores; B: TIDE, MSI, T cell exclusion and dysfunction scores between the two TRGPI subgroups were compared using the Wilcoxon test.

NS: Not significant. *: P<<0.05; ***: P<{0.001; ****: P<{0.000 1.
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