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Background

HER2-low expression breast cancer (BC) accounts for approximately 45%-55% of all BC cases. The purpose of this study was to investigate the prognostic difference between patients with HER2-low expression and HER2-zero BC.



Methods

An electronic search of Pubmed, Embase, Cochrane Library, and Web of Science databases was performed to screen studies that included prognostic comparisons between HER2-zero and HER2-low expression groups. A total of 14 studies involving 52106 patients were included.



Results

Our results indicated that HER2-low expression was associated with a significant benefit in OS among all patients with early BC (HR, 0.83; 95% CI, 0.78–0.88), patients with hormone-receptor positive BC (HR, 0.83; 95% CI, 0.77–0.89), and patients with TNBC (HR, 0.78; 95% CI, 0.70–0.87). HER2-low expression was associated with a significant benefit in DFS among all patients (HR, 0.81; 95% CI, 0.71–0.93), patients with hormone receptor-positive BC (HR, 0.81; 95% CI, 0.72–0.90), but no significant difference in DFS was found in patients with TNBC (HR, 0.87; 95% CI, 0.65–1.17). HER2-low expression was associated with a significant benefit in RFS among all patients (HR, 0.90; 95% CI, 0.85–0.95), patients with hormone receptor-positive BC (HR, 0.90; 95% CI, 0.84–0.96), but no significant difference in RFS was found in patients with TNBC (HR, 0.80; 95% CI, 0.55–1.16).



Conclusions

Among patients with early-stage BC, patients with HER2-low expression BC had better OS in the overall population, hormone receptor-positive and TNBC subgroups. Besides, favorable DFS and RFS were observed in both the overall population and hormone receptor-positive subgroup.



Systematic review registration


https://www.crd.york.ac.uk/PROSPERO/, identifier (CRD 42022349458).
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   1 Introduction

 Breast cancer (BC) is the most commonly diagnosed cancer among women worldwide. According to the Global Cancer Statistics 2020, there were an estimated 2.3 million new cases of female BC worldwide in 2020 (1). Human epidermal growth factor receptor 2 (HER2) detection is essential for BC treatment planning. HER2-positive BC accounts for approximately 15% of all BC cases, in which multiple agents targeting HER2 have provided significant clinical benefits in patients with both early and advanced BC (2, 3). However, 85% of patients with BC were classified as HER2-negative and were therefore ineligible for anti-HER2 treatment (4). Recently, antibody-drug conjugates (ADCs) have been proved to have antitumor activity in patients with classical HER2-positive BC (5, 6), as well as BC with low HER2 expression (7). These results have led to the concept of “HER2-low expression” which includes tumors with HER2 expression indicated by a immunohistochemistry (IHC) score of 1+ or 2+/fluorescence in-situ hybridization (FISH)-negative.

 In the past, HER2-low expression and HER2-zero BC have been combined and considered HER2 negative BC. Moreover, HER2-low expression BC accounts for approximately 45%–55% of all BC cases, indicating that the number of new HER2 low-expression BC cases could be approximately 1 million worldwide annually, which is almost equivalent to that of all new annual gastric cancer cases worldwide (1, 4). Because the population of patients with BC with HER2-low expression is very large, understanding the associations of different clinicopathologic characteristics and prognosis between patients with HER2-low expression and HER2-zero BC is significant, and will help clinicians develop more precise treatment strategies and avoid overtreatment or undertreatment in patients with HER2-low expression BC in the future. In addition, it may guide the design of future clinical trials for HER2-low expression BC.

 Several studies have shown that compared with HER2-zero BC, HER2-low expression BC has a specific biology with varying responses to therapy and prognosis (8–10). However, other studies have found that HER2-low expression is indistinct from HER2-zero BC in terms of clinicopathologic characteristics and prognosis (11). Thus, whether HER2-low expression BC varies in biological and prognostic significance from that of HER2-zero BC remains unclear. This study aimed to evaluate the biological and prognostic significance of HER2-low expression in patients with BC.

 
  2 Method

 The study protocol adhered to the Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA) reporting guidelines (12, 13). This systematic review was prospectively registered with The International Prospective Register of Systematic Reviews (CRD 42022349458). Because this study was based exclusively on published literature, ethics approval and informed consent were not required.

  2.1 Study objectives

 The primary objective was to identify associations between prognosis, including overall survival (OS), disease-free survival (DFS), and relapse-free survival (RFS), and early HER2-low expression (HER2 IHC 1/2+ with FISH negative) and HER2-zero BC, including hormone receptor-positive BC and triple-negative BC (TNBC). The secondary objective was to identify associations between prognosis, including OS and RFS, and early HER2 IHC 0, HER2 IHC 1+, and HER2 IHC 2+ (IHC 2+ in the following text refers to IHC 2+/FISH-negative) BC, including hormone receptor-positive BC and TNBC. In addition, subgroup analyses were performed. The association of DFS and distant DFS (DDFS) with HER2-low in high-genetic-risk and low-genetic-risk groups was analyzed.

 
  2.2 Literature search

 We conducted an electronic search of PubMed, Embase, Cochrane Library, and Web of Science databases. The search strategy combined Medical Subject Heading terms and keywords encompassing two key concepts: BC and HER2-low expression ( Supplementary Table 1 ). All titles were initially screened independently and the appropriate abstracts were reviewed independently by two authors (T.W. and DY.W.). Abstracts that met the criteria were retained for full-text review. Disagreements were resolved through discussion during the screening and extraction period.

 
  2.3 Study selection

 The selected studies had to meet the following inclusion criteria simultaneously: (1) published from January 1, 2015, to July 21, 2022 in English; (2) study population included patients with early BC; (3) analysis included prognostic comparisons between HER2-zero and HER2-low expression groups or between any two groups among HER2-zero, HER2 IHC 1+, and HER2 IHC 2+ groups (e.g., HER2-zero and HER2 IHC 1+ vs. HER2 IHC 2+); (4) OS, DFS or RFS were reported as hazard ratios (HRs) (If no HRs were presented for OS, DFS, or RFS, the Kaplan-Meier [K-M] curve of any OS, DFS, or RFS outcome must be provided to facilitate data extraction of K-M curves to calculate HRs); (5) retrospective study, randomized controlled trial (RCT), or pool analysis study. Regarding studies with populations comprised of patients with both early and advanced or metastatic BC, the prognostic analysis must have been performed separately for patients with early BC; otherwise, the proportion of patients with advanced or metastatic BC must be less than 10%.

 The exclusion criteria were studies (1) published in a language other than English or before January 1, 2015 (2) in which populations included mainly advanced or metastatic BC without separate prognostic analysis of patients with early BC or (3) without survival comparisons of OS, DFS, or RFS between patients with HER2-zero and HER2-low expression BC,or among HER2-zero, HER2 IHC 1+, and HER2 IHC 2+ groups.

 
  2.4 Data extraction

 Study and participant characteristics and outcome measures were extracted by two authors (T.W. and DY.W.) independently. Disagreements were resolved by discussion until consensus. The following variables were extracted: title and study details (year, journal, and location), study population characteristics (sample size, median age, median follow-up, tumor size, lymph node status, tumor grade, stage), and outcome data. The HRs for OS, DFS, and RFS were extracted from each eligible study. If K-M curves were provided without HRs in the reported literature, we used Engauge Digitizer to extract data from K-M curves and calculate the respective HRs using the practical methods described by Tierney et al. (14).

 
  2.5 Statistical analysis

 Statistical analysis was performed from August 15, 2022, to August 25, 2022. Outcome data were reported as HRs; If K-M curves were provided without HRs, HRs were calculated using data extracted from K-M curves. The 95% confidence intervals (CIs) were estimated using the Mantel-Haenszel method. The 95% CIs that did not cross unity were considered statistically significant. I2  statistics were used to estimate statistical heterogeneity, with greater than 50% indicating significant heterogeneity. When no significant heterogeneity (I2  ≤ 50%) was observed, a fixed-effects model was used. In contrast, when significant heterogeneity (I2  > 50%) was observed, a random-effects model was used to calculate the pooled effect estimate (HR) to explain any possible inter-study heterogeneity. Sensitivity analysis was performed to assess the robustness of the meta-analysis conclusions. Two-sided and P values <0.05 were considered statistically significant in all analyses. All statistical analyses were performed using R, version 4.1.1 (R Foundation for Statistical Computing, Vienna, Austria).

 
  2.6 Risk of bias

 Risk of bias (RoB) was assessed by two authors (T.W. and DY.W.). Retrospective studies were assessed using the Newcastle-Ottawa Scale based on several parameters, including patient selection, ascertainment of exposure, outcome assessment, cohort comparability, and follow-up duration and adequacy (15). Points were calculated for each study and classified as low, high, or unclear RoB accordingly. Disagreements regarding these categories were resolved through discussion until consensus between the authors was reached. The Egger test was used for funnel plot asymmetry and to visualize publication bias (16).

 
 
  3 Results

  3.1 Characteristics of the included studies

 The flow diagram ( Figure 1 ) outlines the study selection process and reasons for exclusion. In total, 2398 publications were identified using the predefined search terms, of which 14 studies met the inclusion criteria (17–30).

  

 Figure 1 | Flow diagram of search strategy and study selection. 

 

 Among the 14 selected articles, 52106 participants were ultimately included in the analysis. One pool analysis (17) and one RCT (30) were included, whereas the remaining 12 studies were retrospective cohort studies. For 3 studies that did not include K-M curves with HRs, the HRs were estimated using data extracted from the K-M curves. The two reviewers were in 100% agreement regarding the extracted data.  Supplementary Table 2  provides an overview of the main characteristics and relevant outcomes of the included studies. Included studies were assessed according to Newcastle-Ottawa scores, which are summarized in  Supplementary Table 3 . None of the included studies was classified as having a high RoB for objective outcomes. The included studies differed in their methodology. The periods ranged from 0.8 to 10.3 years. The sample sizes ranged from 296 to 5235 patients. Moreover, 4 studies were conducted in Europe, 6 studies in Asia, 1 study in North America, 1 study in South America, and 2 studies in Multi-continents. The mean age of the patients varied from 45.3 to 66.1 years old.

 
  3.2 OS

 In this meta-analysis, 7 studies with 37466 patients were included to assess the association of HER2-low expression and HER2-zero BC with OS among all patients (including patients with hormone receptor-positive BC and TNBC) with early BC. Our results indicated that among all patients with early BC, HER2-low expression was associated with a significant benefit in OS (HR, 0.83; 95% CI, 0.78–0.88), with low heterogeneity observed across studies (I2  = 40%; P = 0.13) ( Figure 2A ).

  

 Figure 2 | Forest plot of (A) OS in overall EBC population (HER2 low vs. HER2 0); (B) OS in hormone receptor positive subgroup (HER2 low vs. HER2 0); (C) OS in TNBC subgroup (HER2 low vs. HER2 0); (D) OS in overall EBC population (HER2 IHC 2 vs. IHC 1); (E) OS in overall EBC population (HER2 IHC 2 vs. IHC 0); (F) OS in overall EBC population (HER2 IHC 1 vs. IHC 0). 

 

 Furthermore, 7 studies with 34229 patients and 7 studies with 7482 patients were included to assess the association of HER2-low expression and HER2-zero BC with OS in patients with hormone receptor-positive BC and TNBC, respectively. HER2-low expression was significantly associated with longer OS in patients with hormone-receptor positive BC (HR, 0.83; 95% CI, 0.77–0.89), with low heterogeneity observed across studies (I2  = 0%; P = 0.42) ( Figure 2B ). Similarly, in patients with TNBC, HER2-low expression was significantly associated with longer OS (HR, 0.78; 95% CI, 0.70–0.87), with moderate heterogeneity observed across studies (I2  = 43%; P = 0.10) ( Figure 2C ).

 To determine whether HER2-zero, HER2 IHC 1+, and HER2 IHC 2+ BC were associated with OS among all patients (including patients with hormone receptor-positive BC and TNBC), further analyses were performed. Two studies with 3490 patients revealed no significant difference in OS between BC patients with HER2 IHC 2+ and HER2 IHC 1+ (HR, 1.01; 95% CI, 0.69–1.46), with no considerable heterogeneity (I2  = 0%; P = 0.33) ( Figure 2D ). However, data obtained from three studies with 20407 patients revealed no significant difference in OS between patients with HER2 IHC 2+ and HER2-zero BC (HR, 0.89; 95% CI, 0.78–1.00),with no considerable heterogeneity (I2  = 27%; P = 0.26) ( Figure 2E ). Significantly longer OS was observed in patients with HER2 IHC 1+ than that in HER2-zero based on three studies with 25910 patients (HR, 0.85; 95% CI, 0.79–0.92), with no considerable heterogeneity (I2  = 0%; P = 0.51) ( Figure 2F ).

 
  3.3 DFS

 Among all patients (including patients with hormone receptor-positive BC and TNBC), significantly longer DFS was observed in patients with HER2-low expression compared with that in patients with HER2-zero BC (HR, 0.81; 95% CI, 0.71–0.93) based on three studies with 7667 patients, with no considerable heterogeneity observed (I2  = 0%; P = 0.46) ( Figure 3A ).

  

 Figure 3 | Forest plot of (A) DFS in overall EBC population (HER2 low vs. HER2 0); (B) DFS in hormone receptor positive subgroup (HER2 low vs. HER2 0); (C) DFS in TNBC subgroup (HER2 low vs. HER2 0); (D) DFS in high genetic risk EBC population (HER2 low vs. HER2 0); (E) DFS in low genetic risk EBC population (HER2 low vs. HER2 0). 

 

 Regarding patients with hormone receptor-positive BC, the analysis based on six studies with 12283 patients revealed significantly longer DFS among patients with HER2-low expression compared with that in patients with HER2-zero BC (HR, 0.81; 95% CI, 0.72–0.90), with no considerable heterogeneity observed (I2 = 0%; P = 0.73) ( Figure 3B ). The association of HER2-low expression and DDFS in hormone receptor-positive BC was analyzed ( Supplementary Figure 1A ) and no significant difference was observed based on two studies with 5146 patients (HR, 0.73; 95% CI, 0.59–0.91), with no considerable heterogeneity observed (I2  = 0%; P = 0.79).

 However, among patients with TNBC, no significant difference in DFS was found in patients with HER2-low expression and HER2-zero BC (HR, 0.87; 95% CI, 0.65–1.17) based on five studies with 2535 patients, and this outcome was statistically insignificant within a very heterogeneous study group (I2  = 58%, P = 0.05) ( Figure 3C ).

 Further analyses were performed to determine whether genetic risk was associated with DFS among all patients. Among all patients with high genetic risk, significantly longer DFS was observed among patients with HER2-low expression compared with that in patients with HER2-zero BC (HR, 0.41; 95% CI, 0.30–0.56) based on data obtained from two studies with 392 patients, with no considerable heterogeneity observed (I2  = 40%; P = 0.20) ( Figure 3D ). Among all patients with low genetic risk, data obtained from two studies with 1956 patients revealed no significant difference in DFS between patients with HER2-low expression and HER2-zero BC (HR, 0.92; 95% CI, 0.60–1.41), with no considerable heterogeneity observed (I2 = 0%; P = 0.48) ( Figure 3E ).

 The same association was observed for DDFS. No significant difference was observed in patients with low genetic risk based on two studies with 1956 patients ( Supplementary Figure 1B ), whereas patients with HER2-low expression had significantly better DDFS compared with that in patients with high genetic risk based on two studies with 392 patients ( Supplementary Figure 1C ).

 
  3.4 RFS

 Among all patients, patients with HER2-low expression had significantly longer RFS compared with that in patients with HER2-zero BC (HR, 0.90; 95% CI, 0.85–0.95) based on four studies with 30380 patients, with no considerable heterogeneity observed (I2  = 0%; P = 0.62) ( Figure 4A ). Regarding patients with hormone receptor-positive BC, our analysis of two studies with 24045 patients revealed significantly longer RFS among patients with HER2-low expression compared with that in patients with HER2-zero BC (HR, 0.90; 95% CI, 0.84–0.96), with no considerable heterogeneity observed (I2  = 0%; P = 0.65) ( Figure 4B ). However, among patients with TNBC, no significant difference was seen in patients with HER2-low expression and HER2-zero BC (HR, 0.80; 95% CI, 0.55–1.16) based on two studies with 4947 patients and within a very heterogeneous study group (I2  = 68%, P = 0.053) ( Figure 4C ).

  

 Figure 4 | Forest plot of (A) RFS in overall EBC population (HER2 low vs. HER2 0); (B) RFS in hormone receptor positive subgroup (HER2 low vs. HER2 0); (C) RFS in TNBC subgroup (HER2 low vs. HER2 0); (D) RFS in overall EBC population (HER2 IHC 2 vs. IHC 0); (E) RFS in overall EBC population (HER2 IHC 1 vs. IHC 0). 

 

 An analysis of the association of HER2-zero, HER2 IHC 1+, and HER2 IHC 2+ BC with RFS was performed. Among all patients, data obtained from four studies with 20884 patients revealed no significant difference in RFS between patients with HER2 IHC 2+ and HER2-zero BC (HR, 0.95; 95% CI, 0.86–1.05), with no considerable heterogeneity observed (I2  = 0%; P = 0.53) ( Figure 4D ). However, significantly longer RFS was observed in patients with HER2 IHC 1+ than that in patients with HER2-zero BC (HR, 0.90; 95% CI, 0.84–0.96) based on four studies with 26699 patients, with no considerable heterogeneity observed (I2  = 0%; P = 0.61) ( Figure 4E ).

 It’s worth mentioning that sensitivity analyses were performed for each of these analyses ( Supplementary Figures 2 - 4 ). The sensitivity analysis suggested that the study by Denkert et al. (17) was the source of heterogeneity in the analysis of TNBC. Denkert et al. (17) is a pool analysis of four RCTs, and different study design types may be the source of heterogeneity. Therefore, the analysis was performed again after removing the study by Denkert et al. (17), and the results showed that HER2-low expression was still significantly associated with longer OS (HR, 0.83; 95% CI, 0.74–0.94), with low heterogeneity observed across studies (I2  = 0%; P = 0.45), consistent with our previous results ( Supplementary Figure 5A ). And HER2-low expression was still significantly associated with longer DFS (HR, 0.99; 95% CI, 0.77–1.28), with low heterogeneity observed across studies (I2 = 0%; P = 0.49) which is consistent with the results of the analysis of keeping the study by Denkert et al. (17) ( Supplementary Figure 5B ). Besides, Egger test was used for funnel plot asymmetry and no significant publication bias was found except the analysis for OS in patients with hormone-receptor positive BC ( Supplementary Figure 6 ).

 
 
  4 Discussion

 Recently, the remarkable therapeutic effect of novel ADCs on HER2-low expression BC has generated great interest for this new subtype. Nevertheless, the prognosis of HER2-low expression BC remains controversial. In our systematic review and meta-analysis of the published data, the prognostic difference between patients with HER2-low expression and HER2-zero BC was analyzed among patients with early-stage BC, both in the overall population and hormone receptor-positive and TNBC subgroups.

 We found that compared with patients with HER2-zero BC, patients with HER2-low expression BC had better OS, DFS, and RFS both in the overall population and hormone receptor-positive subgroup, suggesting distinct biological subtype of HER2-low expression. In the TNBC subgroup, OS was superior in patients with HER2-low expression compared with that for patients with HER2-zero BC, whereas no significant differences in DFS and RFS were observed between patients with HER2-low expression and HER2-zero BC.

 Among all patients with BC, significantly longer OS and RFS was observed in patients with HER2 IHC 1+ compared with that in patients with HER2-zero BC. However, no significant difference in OS and RFS was observed between patients with HER2 IHC 2+ and HER2-zero BC. No significant difference in OS was observed between patients with HER2 IHC 1+ and HER2-zero BC. The prognostic difference in RFS between patients with HER2 IHC 1+ and HER2-zero BC was not analyzed because of data leakage.

 In addition, the Oncotype Dx risk score was compared between HER2-low expression and HER2-zero BC among patients with hormone receptor-positive BC (24, 26). Interestingly, the prognosis of HER2-low expression BC differs significantly in patients with high genetic risk (Oncotype Dx risk score > 26), although not for patients with low genetic risk (Oncotype Dx risk score ≤ 25). In early hormone receptor-positive BC with high genomic risk, HER2-low expression was associated with more favorable DFS and DDFS compared with that for HER2-zero BC. However, for early hormone receptor-positive BC with low genomic risk, no significant differences were observed in DFS or DDFS between patients with HER2-low expression and HER2-zero BC.

 The findings of a recent study involving 30491 patients support that HER2-low expression has a better prognosis than that of HER2-zero BC, although this study used BC-specific survival as an outcome indicator, which was not included in our meta-analysis. This conclusion is consistent with our findings and further validates our conclusion (8).

 Several reasons may explain why HER2-low expression has a more favorable prognosis in patients with hormone receptor-positive BC, whereas only OS was superior in patients with TNBC. First, the PAM50 intrinsic subtype profiles of HER2-low expression BC were demonstrated in a recent study (9), which concluded that in hormone receptor-positive BC, the gene expression of patients with HER2-zero and HER2-low expression tumors was obviously different. However, no significant difference in gene expression was observed between HER2-zero and HER2-low expression in patients with TNBC. This indicates that HER2-low expression is more likely to be a distinct biological entity in hormone receptor-positive than in TNBC tumors.

 What’s more, several studies have reported an association between hormone receptor status and HER2-low expression. The percentage of HER2-low expression differed between the hormone receptor-positive and TNBC groups. Interestingly, the prevalence of HER2-low expression was higher in patients with hormone receptor-positive BC than that in TNBC (9, 31). HER2-low expression BC tends to be luminal-like with high estrogen receptor (ER) expression, whereas HER2-zero BC is generally more basal-like, with low ER expression (26). ER expression may play a confounding role when analyzing the prognostic difference between patients with HER2-low expression and HER2-zero BC in some studies. However, this hypothesis requires further statistical analysis and verification in future studies.

 Further, HER2-low expression BC is reportedly associated with indicators of decreased aggressiveness, such as lower histological grade, lower Ki-67 status, and fewer TP53 mutations compared with that of HER2-zero BC (17). Whether the prognostic differences are driven by HER2-low expression or the varying distribution of other clinicopathological characteristics, such as ER expression, requires further investigation.

 HER2-low expression and HER2-zero BC vary in the somatic mutation landscape. In patients with HER2-low expression BC, the frequency of phosphatidylinositol 3-kinase/protein kinase B signaling mutations was higher, and the frequency of p53 signaling and cell cycle pathway mutations was lower. This conclusion supports that HER2-low expression and HER2-zero BC are two different entities (10). Another study with similar findings reported that PIK3CA and TP53 mutation frequencies differed between patients with HER2-low expression and HER2-zero BC. Moreover, BRCA1/2 and other BC predisposition gene mutations have different frequencies (17). Studies on the PAM50 intrinsic subtype also found significant differences in gene expression between HER2-low expression and HER2-zero among patients with hormone receptor-positive BC, although no significant differences were observed in patients with TNBC (9). Further studies are needed to verify whether different gene expression profiles lead to different prognoses, and whether these differences are sufficient for classification into independent molecular subtypes.

 Owing to the promising future of ADCs in treating HER2-low expression BC, researchers are conducting clinical trials to investigate the therapeutic effect of advanced treatment with novel ADCs in patients with early stage BC. However, we observed significant survival differences between patients with HER2-low expression and HER2-zero BC. This study suggests the possibility that patients with HER2-low expression BC may receive de-escalated treatment to achieve the desired therapeutic effect, which could guide the design of future clinical trials. Our results provide new directions for future research.

 Many studies have found poor concordance between different pathologists when using IHC to assess HER2-low expression and HER2-zero BC. One study found that there was only 26% agreement when IHC was used to assess low levels of HER2 (i.e., IHC 0 and IHC 1+) (32). The phase 1b trastuzumab deruxtecan study reported consistency of 40% for HER2 IHC 2+ and 70% for HER2 IHC 1+ between local and central pathology reports (33). This suggests that pathologists need to use more accurate methods to distinguish HER2-low expression from HER2-zero in the future, such as the detection of mRNA expression or quantitative automated chemistry.

 
  5 Limitations

 Several limitations of this study should be considered when interpreting the results. First of all, considering the accessibility and quality of the available literature, only studies published in English were included in our study. Considering the integrity of the data, conference reports were not included in the report, which potentially affected the interpretation of our results. Secondly, to fully utilize the data, if K-M curves were provided without HRs, we used Engauge Digitizer to extract data from K-M curves and calculated the HRs using practical methods and a small data set. Owing to inevitable human errors when using measurement tools, a certain degree of deviation might exist between the extracted and real HRs. Thirdly, this meta-analysis included retrospective studies, RCT, and pool analysis, which may have increased the heterogeneity among studies. And the only RCT (30) was treated as a cohort study and the RCT was assessed using the Newcastle-Ottawa Scale. In the analysis of OS and DFS among patients with TNBC, the heterogeneity was large (with I2  values of 43% and 58%, respectively). To reduce the impact of this possible heterogeneity on the results, the sensitivity analysis was performed. After the sensitivity analysis, we concluded that the main source of heterogeneity was from the included pool analysis study (17). Therefore, we excluded this article and conducted another meta-analysis of patients with TNBC with OS and DFS as outcome indicators. Nevertheless, we reached similar conclusions. In addition, there were relatively small number of studies for each analysis which limited further analysis for whether the length of follow-up duration or the different therapy method have influence on the conclusion. Further studies are needed. Lastly, in the analysis of the prognostic differences among genetic risk types and HER2 IHC groups, the number of included studies was small. The sensitivity analysis was conducted to evaluate the robustness of the meta-analysis results.

 Despite these limitations, we believe that this analysis provides significant implications for future treatment strategies and research directions.

 
  6 Conclusion

 Whether HER2 low is a prognostic factor in early BC is widely discussed and has attracted the attention of many scholars. Nevertheless, the prognosis of HER2-low expression BC is still controversial at present. Therefore, the study aimed to evaluate the prognostic significance of HER2-low expression in patients with BC. Overall, this meta-analysis revealed that among patients with early-stage BC, patients with HER2-low expression BC had better OS in the overall population and hormone receptor-positive and TNBC subgroups. In particular, favorable DFS and RFS were observed in both the overall population and hormone receptor-positive subgroup. The results of this meta-analysis support that there are distinct subtypes of HER2-low expression BC, although further studies are necessary to verify whether differences in genetic profiles are sufficient for classification into independent molecular subtypes. The results of this meta-analysis will deepen the general understanding of HER2-low expression BC and have important implications for future therapeutic strategies.
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  Supplementary Figure 5 | Forest plot of (A) OS in TNBC subgroup (HER2 low vs. HER2 0) removed an article with potential heterogeneity; (B) DFS in TNBC subgroup (HER2 low vs. HER2 0) removed an article with potential heterogeneity; 

  Supplementary Figure 6 | Egger test of (A) OS in overall EBC population (HER2 low vs. HER2 0), p=0.3675; (B) OS in hormone receptor positive subgroup (HER2 low vs. HER2 0), p=0.0435; (C) OS in TNBC subgroup (HER2 low vs. HER2 0), p=0.5758; (D) DFS in hormone receptor positive subgroup (HER2 low vs. HER2 0), p=0.7471; (E) DFS in TNBC subgroup (HER2 low vs. HER2 0), p=0.1468. 

 
  References

  1. Sung, H, Ferlay, J, Siegel, RL, Laversanne, M, Soerjomataram, I, Jemal, A, et al. Global cancer statistics 2020: GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in 185 countries. CA Cancer J Clin (2021) 71(3):209–49. doi: 10.3322/caac.21660 

  2. von Minckwitz, G, Huang, CS, Mano, MS, Loibl, S, Mamounas, EP, Untch, M, et al. Trastuzumab emtansine for residual invasive HER2-positive breast cancer. N Engl J Med (2019) 380(7):617–28. doi: 10.1056/NEJMoa1814017 

  3. Piccart, M, Procter, M, Fumagalli, D, de Azambuja, E, Clark, E, Ewer, MS, et al. Adjuvant pertuzumab and trastuzumab in early HER2-positive breast cancer in the APHINITY trial: 6 years' follow-up. J Clin Oncol (2021) 39(13):1448–57. doi: 10.1200/JCO.20.01204 

  4. Tarantino, P, Hamilton, E, Tolaney, SM, Cortes, J, Morganti, S, Ferraro, E, et al. HER2-low breast cancer: Pathological and clinical landscape. J Clin Oncol (2020) 38(17):1951–62. doi: 10.1200/JCO.19.02488 

  5. Tamura, K, Tsurutani, J, Takahashi, S, Iwata, H, Krop, IE, Redfern, C, et al. Trastuzumab deruxtecan (DS-8201a) in patients with advanced HER2-positive breast cancer previously treated with trastuzumab emtansine: a dose-expansion, phase 1 study. Lancet Oncol (2019) 20(6):816–26. doi: 10.1016/S1470-2045(19)30097-X 

  6. Modi, S, Saura, C, Yamashita, T, Park, YH, Kim, SB, Tamura, K, et al. Trastuzumab deruxtecan in previously treated HER2-positive breast cancer. N Engl J Med (2020) 382(7):610–21. doi: 10.1056/NEJMoa1914510 

  7. Modi, S, Jacot, W, Yamashita, T, Sohn, J, Vidal, M, Tokunaga, E, et al. Trastuzumab deruxtecan in previously treated HER2-low advanced breast cancer. New Engl J Med (2022). doi: 10.1056/NEJMoa2203690 

  8. Won, HS, Ahn, J, Kim, Y, Kim, JS, Song, JY, Kim, HK, et al. Clinical significance of HER2-low expression in early breast cancer: a nationwide study from the Korean breast cancer society. Breast Cancer Res (2022) 24(1):22. doi: 10.1186/s13058-022-01519-x 

  9. Schettini, F, Chic, N, Brasó-Maristany, F, Paré, L, Pascual, T, Conte, B, et al. Clinical, pathological, and PAM50 gene expression features of HER2-low breast cancer. NPJ Breast Cancer (2021) 7(1):1. doi: 10.1038/s41523-020-00208-2 

  10. Zhang, G, Ren, C, Li, C, Wang, Y, Chen, B, Wen, L, et al. Distinct clinical and somatic mutational features of breast tumors with high-, low-, or non-expressing human epidermal growth factor receptor 2 status. BMC Med (2022) 20(1):142. doi: 10.1186/s12916-022-02346-9 

  11. Tarantino, P, Gandini, S, Nicolò, E, Trillo, P, Giugliano, F, Zagami, P, et al. Evolution of low HER2 expression between early and advanced-stage breast cancer. Eur J Cancer (2022) 163:35–43. doi: 10.1016/j.ejca.2021.12.022 

  12. Moher, D, Liberati, A, Tetzlaff, J, and Altman, DG. Preferred reporting items for systematic reviews and meta-analyses: the PRISMA statement. PloS Med (2009) 6(7):e1000097. 

  13. Page, MJ, McKenzie, JE, Bossuyt, PM, Boutron, I, Hoffmann, TC, Mulrow, CD, et al. The PRISMA 2020 statement: an updated guideline for reporting systematic reviews. Bmj (2021) 372:n71. 

  14. Tierney, JF, Stewart, LA, Ghersi, D, Burdett, S, and Sydes, MR. Practical methods for incorporating summary time-to-event data into meta-analysis. Trials (2007) 8:16. doi: 10.1186/1745-6215-8-16 

  15. Stang, A. Critical evaluation of the Newcastle-Ottawa scale for the assessment of the quality of nonrandomized studies in meta-analyses. Eur J Epidemiol (2010) 25(9):603–5. doi: 10.1007/s10654-010-9491-z 

  16. Egger, M, Davey Smith, G, Schneider, M, and Minder, C. Bias in meta-analysis detected by a simple, graphical test. Bmj (1997) 315(7109):629–34. doi: 10.1136/bmj.315.7109.629 

  17. Denkert, C, Seither, F, Schneeweiss, A, Link, T, Blohmer, JU, Just, M, et al. Clinical and molecular characteristics of HER2-low-positive breast cancer: pooled analysis of individual patient data from four prospective, neoadjuvant clinical trials. Lancet Oncol (2021) 22(8):1151–61. doi: 10.1016/S1470-2045(21)00301-6 

  18. Domergue, C, Martin, E, Lemarié, C, Jézéquel, P, Frenel, JS, Augereau, P, et al. Impact of HER2 status on pathological response after neoadjuvant chemotherapy in early triple-negative breast cancer. Cancers (Basel) (2022) 14(10). doi: 10.3390/cancers14102509 

  19. Tan, R, Ong, WS, Lee, KH, Lim, AH, Park, S, Park, YH, et al. HER2 expression, copy number variation and survival outcomes in HER2-low non-metastatic breast cancer: an international multicentre cohort study and TCGA-METABRIC analysis. BMC Med (2022) 20(1):105. doi: 10.1186/s12916-022-02284-6 

  20. Douganiotis, G, Kontovinis, L, Markopoulou, E, Ainali, A, Zarampoukas, T, Natsiopoulos, I, et al. Prognostic significance of low HER2 expression in patients with early hormone receptor positive breast cancer. Cancer Diagn Progn (2022) 2(3):316–23. doi: 10.21873/cdp.10111 

  21. Rosso, C, and Voutsadakis, IA. Characteristics, clinical differences and outcomes of breast cancer patients with negative or low HER2 expression. Clin Breast Cancer (2022) 22(4):391–7. doi: 10.1016/j.clbc.2022.02.008 

  22. Horisawa, N, Adachi, Y, Takatsuka, D, Nozawa, K, Endo, Y, Ozaki, Y, et al. The frequency of low HER2 expression in breast cancer and a comparison of prognosis between patients with HER2-low and HER2-negative breast cancer by HR status. Breast Cancer (Tokyo Japan) (2022) 29(2):234–41. doi: 10.1007/s12282-021-01303-3 

  23. de Moura Leite, L, Cesca, MG, Tavares, MC, Santana, DM, Saldanha, EF, Guimarães, PT, et al. HER2-low status and response to neoadjuvant chemotherapy in HER2 negative early breast cancer. Breast Cancer Res Treat (2021) 190(1):155–63. doi: 10.1007/s10549-021-06365-7 

  24. Mutai, R, Barkan, T, Moore, A, Sarfaty, M, Shochat, T, Yerushalmi, R, et al. Prognostic impact of HER2-low expression in hormone receptor positive early breast cancer. Breast (2021) 60:62–9. doi: 10.1016/j.breast.2021.08.016 

  25. Jacot, W, Maran-Gonzalez, A, Massol, O, Sorbs, C, Mollevi, C, Guiu, S, et al. Prognostic value of HER2-low expression in non-metastatic triple-negative breast cancer and correlation with other biomarkers. Cancers (Basel) (2021) 13(23). doi: 10.3390/cancers13236059 

  26. Tarantino, P, Jin, Q, Tayob, N, Jeselsohn, RM, Schnitt, SJ, Vincuilla, J, et al. Prognostic and biologic significance of ERBB2-low expression in early-stage breast cancer. JAMA Oncol (2022) 8(8):1177–83. doi: 10.1001/jamaoncol.2022.2286 

  27. Chen, M, Chen, W, Liu, D, Chen, W, Shen, K, Wu, J, et al. Prognostic values of clinical and molecular features in HER2 low-breast cancer with hormonal receptor overexpression: features of HER2-low breast cancer. Breast Cancer (Tokyo Japan) (2022) 29(5):844–53. doi: 10.1007/s12282-022-01364-y 

  28. Xu, H, Han, Y, Wu, Y, Wang, Y, Li, Q, Zhang, P, et al. Clinicopathological characteristics and prognosis of HER2-low early-stage breast cancer: A single-institution experience. Front Oncol (2022) 12:906011. doi: 10.3389/fonc.2022.906011 

  29. Kim, MH, Kim, GM, Kim, JH, Kim, JY, Park, HS, Park, S, et al. Intermediate HER2 expression is associated with poor prognosis in estrogen receptor-positive breast cancer patients aged 55 years and older. Breast Cancer Res Treat (2020) 179(3):687–97. doi: 10.1007/s10549-019-05505-4 

  30. Fehrenbacher, L, Cecchini, RS, Geyer, CE Jr., Rastogi, P, Costantino, JP, Atkins, JN, et al. NSABP b-47/NRG oncology phase III randomized trial comparing adjuvant chemotherapy with or without trastuzumab in high-risk invasive breast cancer negative for HER2 by FISH and with IHC 1+ or 2. J Clin Oncol (2020) 38(5):444–53. doi: 10.1200/JCO.19.01455 

  31. Miglietta, F, Griguolo, G, Bottosso, M, Giarratano, T, Lo Mele, M, Fassan, M, et al. Evolution of HER2-low expression from primary to recurrent breast cancer. NPJ Breast Cancer (2021) 7(1):137. doi: 10.1038/s41523-021-00343-4 

  32. Fernandez, AI, Liu, M, Bellizzi, A, Brock, J, Fadare, O, Hanley, K, et al. Examination of low ERBB2 protein expression in breast cancer tissue. JAMA Oncol (2022) 8(4):1–4. doi: 10.1001/jamaoncol.2021.7239 

  33. Modi, S, Park, H, Murthy, RK, Iwata, H, Tamura, K, Tsurutani, J, et al. Antitumor activity and safety of trastuzumab deruxtecan in patients with HER2-Low-Expressing advanced breast cancer: Results from a phase ib study. J Clin Oncol (2020) 38(17):1887–96. doi: 10.1200/JCO.19.02318 


 
Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2023 Wei, Wang, Gao, Wang, Yue, Kang, Ju, Yang, Shuai and Yuan. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms. 

 
OEBPS/Images/fonc.2023.1100332_cover.jpg
, frontiers ‘ Frontiers in Oncology

Clinicopathologic characteristics
and prognostic significance
of HER2-low expression in

patients with early breast
cancer: A systematic review
and meta-analysis





OEBPS/Images/fonc-13-1100332-g001.jpg
=
oS
®
33
3=
=)
=]
o}
o
=

Screening

Included

Identification of studies via databases

Records through database
searching (n = 2398),
including:

Pubmed (n =209)
Embase (n = 1330)
Cochrane (n = 84)

Web of Science (n=775)

618 duplicates removed

Records screened
(n=1,780)

Full-text articles assessed
for eligibility (n =100)

Studies included in the eta
analysis (n = 14)

Records excluded :
Publication Date (n = 696)
Title review (n = 520)
Abstract review (n = 464)

Full-text articles excluded:
No relevant outcomes (n = 20)

Conference abstract (n = 50)
Clinical Trials Registry (n=18)
Duplicate sources (n = 4)
Review or letter (n =3)

Not published in English (n = 1)






OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Clinicopathologic characteristics and prognostic significance of HER2-low expression in patients with early breast cancer: A systematic review and meta-analysis

      

        		

          Background

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusions

        



        		

          Systematic review registration

        



        		

          1 Introduction

        



        		

          2 Method

        

          		

            2.1 Study objectives

          



          		

            2.2 Literature search

          



          		

            2.3 Study selection

          



          		

            2.4 Data extraction

          



          		

            2.5 Statistical analysis

          



          		

            2.6 Risk of bias

          



        



        



        		

          3 Results

        

          		

            3.1 Characteristics of the included studies

          



          		

            3.2 OS

          



          		

            3.3 DFS

          



          		

            3.4 RFS

          



        



        



        		

          4 Discussion

        



        		

          5 Limitations

        



        		

          6 Conclusion

        



        		

          Data availability statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Conflict of interest

        



        		

          Supplementary material

        



        		

          References

        



      



      



    



  



OEBPS/Images/fonc-13-1100332-g004.jpg
Study TE seTE Hazard Ratio HR  95%-Cl Weight
Ryan Tan etal," 2022 -0.11 0.0281 | 090 [0.85;0.95] 93.7%
George Douganiotis et al®2022 0.06 0.2765 —f—*— 1.07 [0.62;1.83] 1.0%
Luciana Leite et al* 2021 -0.19 0.1224 e 0.83 [0.65;1.06] 4.9%
William Jacot et al,* 2021 0.31 0.4158 —+H———1.36 [0.60;3.07) 0.4%
Common effect model o 0.90 [0.85; 0.95] 100.0%
Heterogeneity: 1 = 0%, 7 = 0, p = 0.62
0.5 1 2
HR (95% C)

Study TE seTE Hazard Ratio HR  95%-Cl Weight
Ryan Tanetal,® 2022 -0.08 0.0612 0.92 [0.82;1.04] 63.5%

Luciana Leite etal, 2021 -0.48 0.2143 ————

0.62 [0.41;0.94] 36.5%

Random effects model 0.80 [0.55; 1.16] 100.0%
Heterogeneity: I = 68%, > = 00530, p = 0.08
05 1 2
HR (95% Cl)
Study TE seTE Hazard Ratio HR  95%-Cl Weight
Ryan Tan etal,"® 2022 -0.12 0.0332 - 0.89 [0.83;0.95] 948%

George Douganiotis et al, 2022 -0.02 02742 ~ —————

Luciana Leite et al 2021 011 0.1811 —
William Jacot et al,* 2021 0.06 0.3803 ———
Common effect model S
Heterogeneity: =0%,7=0 0036, p =061

0.98 [057;168] 14%
112 [0.79,160]  32%
106 (049;228) 07%

0.90 [0.84; 0.96] 100.0%

0.5 1 2
HR (95% CI)

Study TE seTE
Ryan Tanetal 2022 -0.11 0.0332
Luciana Leite et al.® 2021 -0.17 0.1480

Common effect model
Heterogeneity: P= 0%, 2= 0,p=085

Study TE seTE

Ryan Tan etal,"® 2022 -0.06 0.0510
George Douganiotis et al 2022 0.28 0.4803
Luciana Leite et al,” 2021 0.29 0.3061
William Jacot et al.”* 2021 1.16 1.7015

Common effect model
Heterogeneity: 12 = 0%, = 0.0168, p = 0.53

Hazard Ratio HR  95%-Cl Weight
RS 090 [0.84:096] 95.2%
— 084 [083,112] 48%

< 0.90 [0.84; 0.96] 100.0%
1

—=
075 1 15
HR (95% CI)
Hazard Ratio HR  95%-CI Weight
094 (085 104] 96.2%
132 [051; 338 11%
133 [073; 242) 27%
319 [0.11,80.56] 0.1%
0.95 [0.86; 1.05] 100.0%
01 0512 10
HR (95% Cl)





OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fonc-13-1100332-g002.jpg
Study TE seTE Hazard Ratio HR  95%-Cl Weight
Carsten Denkertetal,” 2021 -0.44 0.0972
Ryan Tan etal,”® 2022 -0.15 0.0357
Christopher Rosso et al,2' 2022 -0.48 0.2934
Luciana Leiteetal® 2021 -0.33 0.1582
William Jacot etal,® 2021 -0.03 0.2959
Paolo Tarantino etal 2022 -0.13 0.1785

Hangcheng Xu et all.}a 2022 -0.16 0.2781

0.64 [0.53,0.78] 106%
0.8 [0.80;0.92] 78.6%
062 [0.35,1.10]  1.2%
072 [053,098] 40%
097 (054,173 1.1%
088 [062,124] 3.1%
0.85 [049;147)  13%

Common effect model 0.83 [0.78; 0.88] 100.0%
Heterogeneity: /2 = 40%, = 0.0120, p = 0.13
05 1 2
HR (95% CI)
Study TE seTE Hazard Ratio HR  95%-Cl Weight

Carsten Denkertetal,” 2021 -0.54 0.1324

0.58 [0.45;0.76) 17.4%
Camille Domer$ue et al," 2022 0.34 0.3087

141 (077,258 32%

Ryan Tan etal,* 2022 -0.20 0.0689 0.82 [0.72,094] 64.4%
Nanae Horisawa et a2 2022 ~0.36 0.1811 0.70 [049;1.00) 9.3%
Luciana Leite etal® 2021 =0.20 0.3265 0.82 [0.43;1.56] 29%
Paclo Tarantino etal 2022 0.13 0.3571 1.14 [0.56;2.29) 24%

Hangcheng Xu etal 2022 0.10 0.8878 140 [0.19;6.27)  04%
Common effect model

Heterogeneity: /2 = 43%,1* = 0.0333, p = 0.10

0.78 [0.70; 0.87] 100.0%

02 05 1 2 5

HR (85% CI)
Study TE seTE Hazard Ratio HR  95%-Cl Weight
RyanTanetal, 2022 -0.13 0.0638 088 [0.78; 1.00) 993%
Luciana Leite etal® 2021 157 1.1071 480 [055,42.04] 03%
William Jacot et al® 2021 0.49 0.9949 164 [0.23;,1153]  0.4%

Common effect model
Heterogeneity: /% = 27%, 7 = 0.2595, p = 0.26

0.89 [0.78; 1.00] 100.0%

01 0512 10
HR (95% Cl)

Study TE seTE Hazard Ratio HR  95%-Cl Weight
Carsten Denkert etal” 2021 -0.36 0.1546 ~ ——e—— 0.70 [0.52,0.95] 59%
Ryan Tan etal,"® 2022 -0.14 0.0434 1 0.87 [0.80;0.95] 75.2%
Nanae Horisawa et al, 2022 -0.25 0.1378 —— 0.78 [0.60;1.02)  7.5%
Luciana Leite etal #2021  -0.45 0.1684 ——— 064 [046;0.89] 5.0%
Raz Mutai et al.** 2021 -0.42 02653 i 066 [0.39;1.11] 2.0%
Paolo Tarantino et al,* 2022 -0.29 0.2045 — 0.75 [0.50; 1.11]  3.4%
Hangcheng Xuetal®2022 -0.11 0.3673 ————+——— 0.90 [0.44;1.85] 1.0%
Common effect model > 0.83 [0.77; 0.89] 100.0%
Heterogeneity: I = 0%, = 0.0073, p = 0.42
05 1 2
HR (5% Cl)
Study TE seTE Hazard Ratio HR  95%-Cl Weight
Luciana Leite et al* 2021 0.73 0.7679 208 [0.46;937) 6.1%
Louis Fehrenbacher etal,*® 2019 -0.04 0.1964 096 [0.65;1.41] 93.9%
Common effect model 1.01 [0.69; 1.46] 100.0%
Heterogeneity: /2= 0%, 7' =0, p =0.33
02 051 2 5
HR (95% CI)
Study TE seTE Hazard Ratio HR  95%-Cl Weight
Ryan Tanetal,® 2022 -0.16 0.0383 0.85 [0.79;0.92) 98.2%

Luciana Leite et al,* 2021 0.73 0.7679
William Jacot et al % 2021 -0.19 0.3010

Common effect model
Heterogeneity: /2 = 0%, * <0.0001, p = 0.51

02 05 1 2

HR (95% CI)

5

208 [046;9.37) 02%
083 [046;150] 1.6%

0.85 [0.79; 0.92] 100.0%





OEBPS/Images/logo.jpg
& frontiers | Frontiers in Oncology





OEBPS/Images/fonc-13-1100332-g003.jpg
Study TE seTE Hazard Ratio

Carsten Denkert etal,"” 2021 -0.27 0.0847 +
Paolo Tarantino et al 2 2022 ~0.12 0. 1359 :
.

Hangcheng Xu et al 2022 -0.04 0. 2143

Common effect model
Heterogeneity: 1= 0%, =0, p=046

HR (95% cl)
Study TE seTE Hazard Ratio
Carsten Denkertetal,” 2021  -0.45 0.1069
Camille Domergue et al,® 2022 0.16 0.2092
Nanae Horisawa et al 2022 -0.20 0.1735
Paclo Tarantino etal 2022 0.21 0.3140
Hangcheng Xuetal® 2022  -0.11 0.4898
Random effects model
Heterogeneity: /2 = 58%, t* = 0.0570, p = 0.0

HR (95% CI)
Study TE seTE Hazard Ratio
Raz Mutaietal® 2021 -0.12 0.2218
Paclo Tarantino et al,® 2022 0.69 1.1199 -
Common effect model :
Heterogeneity: 2=0%,%=0,p=048
051 2

HR (95% CI)

HR  95%-Cl Weight
0.76 [0.65;0.90] 64.7%
0.88 [0.68;1.15] 25.2%
0.96 [0.63;1.46] 10.1%

0.81 [0.71; 0.93] 100.0%

HR  95%-Cl Weight

064 052079 31.9%
118 [0.78;1.78] 21.7%
082 [0.58;1.15] 25.1%
123 [0.67;2.28] 14.0%
0.90 [0.34,235] 74%

0.87 [0.65; 1.17] 100.0%

HR  95%-Cl Weight

0.89 [0.58; 1.38] 96.2%
200 [0.22;17.96]) 3.8%

0.92 [0.60; 1.41] 100.0%

Study

Carsten Denkert et al,” 2021
Nanae Horisawa et al, % 2022
Raz Mutai et al, ™ 2021

Paolo Tarantino et al,* 2022
Mengdi Chen et al 7 2022
Hangcheng Xu et al % 2022

Common effect model

Heterogeneity: 1 = 0%, ¥ =0, p =0.73

Study

Raz Mutai et al * 2021
Paolo Tarantino et al.* 2022

Common effect model

TE selE Hazard Ratio HR  95%-Cl Weight
-0.16 0.134¢ 0.85 [0.65; 1.11] 18.1%
=0.17 0.1020 0.84 [0.69;1.03] 31.7%

-0.33 0.1454 —@——
-0.30 0.1406 ——#—

0.04 0.2168
-0.27 01735

072 [0.54; 0.96] 15.6%
0.74 [0.56;0.98] 16.7%
104 [068;159] 7.0%
076 [054;1.07] 11.0%

= 0.81 [0.72; 0.90] 100.0%
075 1 15
HR (95% Cl)
TE seTE Hazard Ratio HR 95%-Cl Weight
-0.92 0.1582 <.- 040 [0.29; 0.55] 98.0%
0.51 1.0969 167 [0.19;14.34]  2.0%

0.41 [0.30; 0.56] 100.0%

Heterogeneity: /2 = 40%, * = 0.4070, p = 0.20

0.1 051 2 10
HR (95% CI)





