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ARTICLE INFO ABSTRACT

Keywords: Introduction. The emerging classification of HER2-low and HER2-ultralow breast cancer
Breast carcinoma subtypes has important treatment implications, especially after the introduction of trastuzumab
HER2-low deruxtecan, which is effective in tumors exhibiting low levels of HER2 expression. However, data
HER2-ultralow from Indonesia are still limited. This study aimed to characterize the clinicopathological features
Immunohistochemistry of Invasive Breast Cancer (IBC) according to the ASCO/CAP 2018 HER2 classification and to

determine the proportion of HER2-negative patients who can be further categorized as HER2-
low or HER2-ultralow. Methods. This retrospective descriptive-analytical study involved 50
patients diagnosed with IBC who underwent HERZ immunohistochemical evaluation at
Mohammad Hoesin General Hospital, Palembang, in February 2023. The variables analyzed were
age, ER/PR status, Ki-67 index, tumor-infiltrating lymphocytes (TILs), lymphovascular invasion
(LVD), histological grade, and tumor subtype. Results. Of the 50 patients, 16 (32%) were
categorized as HER2-positive and 34 (68%) were categorized as HER2-negative. Among the

Clinicopathological features
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All authors have reviewed and approved HER2-negative group, 10 patients (35.7%) were HER2-low and 5 patients (17.8%) were HER2-
the final version of the manuscript. ultralow. The majority of patients were aged 40 years or older and ER-positive. A high Ki-67 index

was observed in 84% of cases. Most tumors were grade II-IIl and of the NST subtype. No
https://doi.orq/10.32539/B]L.v12i2.331 significant differences were observed between the HER2-low and HERZ2-ultralow groups

(p>0.05). Conclusion. A considerable proportion of HER2-negative IBCs are categorized as
HER2-low or HER2-ultralow. These findings highlight the importance of accurate HER2
assessment to identify patients who may benefit from antibody-drug conjugate therapy and to
advance precision medicine in breast cancer management in Indonesia.

1. Introduction antibody-drug conjugates such as trastuzumab
Breast cancer is the most prevalent malignancy deruxtecan, which has shown clinical benefit even in
among women worldwide and continues to be a tumors with low HER2 expression.4 As a result,
leading cause of morbidity and mortality. Recent patient groups that were previously ineligible for
advances in molecular pathology have refined our HER2-directed therapy may now be considered
understanding of the biological heterogeneity of potential candidates for precision-based treatment.
breast cancer, particularly with respect to Human Nevertheless, accurate identification of HER2-low
Epidermal Growth Factor Receptor-2 (HER2) and HER2-ultralow tumors requires meticulous
expression. Traditionally, breast cancers have been immunohistochemical  interpretation and an
clinically categorized as either HER2-positive or appreciation of the biological variability in HER2
HER2-negative, with only HER2-positive patients expression.
considered eligible for anti-HER2 targeted therapy. Currently, data describing the prevalence of
However, the emerging classifications of HER2-low HER2-low and HER2-ultralow breast cancers across
and HERZ2-ultralow suggest that a considerable diverse populations, including Indonesia, remains
proportion of tumors previously classified as HER2- limited. Such information is needed to better
negative still exhibit low levels of HER2 expression. 1" characterize the clinicopathological features of
3 affected patients and to determine the proportion of
These developments are relevant to emerging cases that shift classification when applying extended
therapeutic stratification through the introduction of HER? categories beyond the ASCO/CAP 2018 system.
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In light of the increasing therapeutic relevance of
HER2-directed strategies in these subgroups,
establishing local epidemiological profiles has
become increasingly important.

Therefore, this study aimed to determine the
proportion and clinicopathological characteristics of
Invasive Breast Cancer (IBC) patients based on the
ASCO/CAP 2018 HERZ2 classification, and to identify
the proportion of HER2-negative patients that fall
within the HER2-low and HER2-ultralow categories.
These findings are expected to contribute to the
optimization of HER2 interpretation. and support the
development of more precise therapeutic strategies
in breast cancer care.

. Methods

This study was an observational, analytical
investigation with a retrospective design, utilizing
medical records and anatomical pathology archives
from patients diagnosed with IBC who had undergone
HER2 immunohistochemistry (IHC) examination at
Dr. Mohammad Hoesin General Hospital, Palembang.
Data were obtained from the Department of
Anatomical Pathology in August 2025 and included all
patients who underwent HER2 testing in February
2023.

Collected variables included patient age at
diagnosis, histological type, histological grade, and
immunohistochemical profile comprising HER2
status, estrogen receptor (ER), progesterone receptor
(PR), Ki-67 proliferation index, tumor-infiltrating
lymphocytes (TILs), and lymphovascular invasion
(LVI). HER2 status was classified based on the
ASCO/CAP 2018 guidelines as HER2-positive or
HER2-negative, and further subclassified into HER2-
low and HERZ-ultralow using IHC staining intensity
and tumor cell proportion. A total sampling technique
was used to include all patients meeting the inclusion
and exclusion criteria.

HER2 IHC assessment was performed by certified
anatomical pathologists using light microscopy. Re-
evaluation was carried out for cases initially scored as
0 to confirm HER2-ultralow status, according to the
presence of faint or incomplete membranous staining
in a small proportion of tumor cells. All data were
anonymized and recorded using standardized
reporting formats.

HER2-low was characterized by an [HC score of 1+
or 2+ without HER2 gene amplification, in accordance
with  post-ASCO/CAP therapeutic stratification
concepts. HER2-ultralow was characterized as an IHC
score of 0 with faint, incomplete membranous
staining in <10% of tumor cells, based on recent
literature. It should be noted that HER2-low and
HER2-ultralow are not official categories in
ASCO/CAP 2018 but represent extended therapeutic
classifications.

Re-evaluation of HER2 IHC slides was conducted
independently by two experienced anatomical
pathologists without prior access to the clinical data.

In case of discrepancy, a consensus was reached
through joint review.

The Ki-67 proliferation index represented the
proportion of stained tumor nuclei and was grouped
into low (<20%) and high (=20%) categories based
on St. Gallen criteria. The International TILs Working
Group (2014) recommends averaging TILs on one
200-400x invasive tissue section (excluding
necrosis/artifacts). Tumors with stromal tumor-
infiltrating lymphocytes (TILs) involving more than
50% of the stromal area were categorized as TILs-
dominant, while those with TILs involving 50% or
less of the stromal area were categorized as TILs-non-
dominant. LVI was assessed on hematoxylin-eosin
stained sections.

Statistical analyses were completed using SPSS
version 25. Results were presented as frequency
distributions and tables. Categorical variables were
analyzed using Fisher’s exact test, and a p-value of
<0.05 was regarded as statistically significant. Ethical
approval for this study was obtained from the
Institutional Review Board of Dr. Mohammad Hoesin
General Hospital (No: 079/KEPK/2025) and did not
involve direct patient intervention.

. Results

This study analyzed 50 patients with IBC,
consisting of 16 patients (32%) with HER2-positive
status and 34 patients (68%) with HER2-negative
status. Most patients were aged =40 years in both the
HER2-positive and HER2-negative groups, and no
significant association was found between age
category and HER2 status (p=0.406).

Most patients showed positive hormonal receptor
expression, with ER positivity in 68% and PR
positivity in 60% of patients. In the HER2-positive
group, ER positivity was observed in 75% of patients
and PR positivity in 56.25%, while in the HER2-
negative group, the corresponding values were 64.7%
and 61.76%, respectively. However, neither ER nor
PR status was significantly correlated with HER2
status (p=0.533 and p=0.763).

All patients demonstrated a positive Ki-67
proliferation index with predominance of the high
category. High Ki-67 was identified in 87.5% of HER2-
positive patients and 82.36% of HERZ2-negative
patients, with no significant difference identified
between the groups (p=1.000). Histologic grade was
predominantly grade III in both groups, accounting
for 87.5% of HER2-positive patients and 76.47% of
HER2-negative patients, and no significant
association was identified between histological grade
and HER2 status (p=0.468).

Analysis of TILs showed that the non-dominant
category was the most common pattern in both
groups, comprising 81.25% of HER2-positive patients
and 73.52% of HER2-negative patients, with no
significant difference (p=0.728). LVI was identified in
37.5% of HER2-positive patients and 64.7% of HER2-
negative patients; however, no statistically significant
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difference was found (p=0.126). The most frequent
histologic type in both groups was NST, with no
significant difference observed (p=1.000).

Further analysis of HER2-negative patients
identified 28 cases that were further classified into
HER2-zero, HER2-ultralow, and HER2-low
categories. Six patients did not meet the criteria and
could not be clearly classified into further

subclassification; therefore, to avoid bias, these cases
were excluded. Most patients were classified as
HER2-zero (46.4%), followed by HER2-low (35.7%)
and HERZ2-ultralow (17.8%). Fifteen patients were
included in the HER2-low and HER2-ultralow groups,
with a greater proportion in the HER2-low group
(66.7%).

Table 1. Baseline characteristics of invasive breast carcinoma patients based on HER2 ASCO/CAP 2018 classification

Variable Category HER2 Positive (%) HER?2 Negative (%) n (%) p-value
Age Category <40 years 1 (6.35) 6(17.64) 7 (14) *0.406
240 years 15 (93.75) 28 (82.36) 43 (86)
ER Status Positive 12 (75) 22 (64.7) 34 (68) *0.533
Negative 4 (25) 12 (35.3) 16 (32)
PR Status Positive 9 (56.25) 21 (61.76) 30 (60) *0.763
Negative 7 (43.75) 13 (38.24) 20 (40)
Ki-67 Index High 14 (87.5) 28 (82.36) 42 (84) *1.000
Low 2(12.5) 6(17.64) 8 (16)
TILs Dominant 3(18.75) 9 (26.47) 12 (24) *0.728
Non-dominant 13 (81.25) 25 (73.52) 38 (76)
LVI Positive 6 (37.5) 22 (64.7) 28 (56) *0.126
Negative 10 (62.5) 12 (35.29) 22 (44)
Histologic Grade Grade | 0(0) 1(2.94) 1(2) *0.468
Grade I1 2(12.5) 7 (20.58) 9(18)
Grade 111 14 (87.5) 26 (76.47) 40 (80)
Histologic Type NST 15 (93.75) 31(91.17) 46 (92) *1.000
Non-NST 1 (6.25) 3(8.82) 4(8)
Total 16 34 50 (100)
Fisher’s exact test; p-value considered significant if <0.05
Table 2. Distribution of HER2-zero, ultralow, and low patients
HER2 IHC Score Classification N Percentage (%)
0 13 46.4
0+ 5 17.8
1+ 10 35.7
Total 28 100
Table 3. Clinicopathological characteristics of patients based on HER2-low and ultralow
Variable Category HER2-Low (%) HER2-Ultralow (%) n (%) p-value
Age Category <40 years 2 (20) 2 (40) 4 (27) *0.406
240 years 8 (80) 3(60) 11 (73)
ER Status Positive 9 (90) 3 (60) 12 (80) *0.242
Negative 1(10) 2 (40) 3 (20)
PR Status Positive 8 (80) 3(60) 11 (73) *0.560
Negative 2 (20) 2 (40) 4 (27)
Ki-67 Index High 8 (80) 4 (80) 12 (80) *1.000
Low 2 (20) 1(20) 3(20)
TILs Dominant 8 (80) 5(100) 13 (87) *0.524
Non-dominant 2 (20) 0(0) 2 (13)
LVI Positive 4 (40) 1(20) 5(33) *0.600
Negative 6 (60) 4 (80) 10 (67)
Histologic Grade Grade | 0(0) 1(20) 1(6) *0.600
Grade II 4 (40) 0(0) 4 (26)
Grade 111 6 (60) 4 (80) 10 (67)
Histologic Type NST 9 (90) 4 (80) 13 (87) *1.000
Non-NST 1(10) 1(20) 2 (13)
Total 10 5 15 (100)

Fisher’s exact test; p-value considered significant if <0.05

The distribution of  clinicopathological

characteristics among the HER2-low and HER2-
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ultralow groups showed similar results. ER and PR
positivity were more frequently observed in the
HER2-low group compared with the HER2-ultralow
group; however, no statistically significant
differences were found. Ki-67 index, TILs, LVI,
histologic grade, and histologic type also showed no
statistically significant differences, with all p-values
>0.05. Overall, no significant clinicopathological
differences were found among the HER2-low and
HER2-ultralow groups in this study population.

. Discussion

As no statistically significant differences were
observed, the following interpretations should be
considered exploratory and hypothesis-generating
rather than confirmatory. The lack of statistically
significant associations in this study may be due to the
limited sample size and low statistical power,
particularly in subgroup analyses involving a small
number of patients.

The majority of IBC patients in this study were
aged 240 years in both HER2-positive and HER2-
negative groups. This finding aligns with
epidemiological evidence that breast cancer
incidence increases with age, particularly after the
fourth decade of life> Although HER2-positive
Tumors occurred more frequently in older patients in
this cohort, no statistically significant association was
observed between age and HER2 status, suggesting
that age alone may not be a distinguishing factor in
HER2 expression patterns in this population.

Hormone receptor positivity (ER and PR) was
observed in most cases across both HER2 groups,
with no statistically significant differences. This
suggests that, within this study population, hormone
receptor expression is relatively evenly distributed
regardless of HER2 status. These findings are similar
to those reported in previous studies reporting
overlap between HER2 expression and hormone
receptor positivity, particularly in  luminal
subtypes.®” However, owing to the lack of a
significant association, these results should be
interpreted cautiously.

A high Ki-67 proliferation index was observed in
the majority of patients (84%), indicating that most
tumors in this cohort exhibit high proliferative
activity. Despite this, no significant difference was
detected between HER2-positive and HER2-negative
groups. This suggests that high proliferative activity
may be a common feature across different HER2
categories in this population, rather than being
specifically associated with HER2 status.8

Histologic grade was predominantly grade III in
both groups, further supporting the observation that
many tumors in this cohort have aggressive
histopathological features. However, similar to other
variables, no statistically significant relationship was
identified between histologic grade and HER2 status.
This indicates that tumor differentiation in this study
does not appear to be strongly influenced by HER2

classification alone.?-11

The analysis of TILs showed that most tumors
were categorized as non-dominant, with no
significant differences between HER2 groups. This
finding suggests that the immune microenvironment,
as reflected by TILs, may not differ substantially
across HER2 categories in this cohort. Previous
studies have reported variability in TILs distribution
depending on tumor subtype, but such differences
were not observed in this study, possibly due to the
limited sample size.12.13.14

LVI was more commonly found in HER2-negative
cases in comparison with HER2-positive cases,
although the difference did not reach statistical
significance. This finding may reflect heterogeneity
within the HER2-negative group, which includes
biologically diverse subtypes such as luminal and
triple-negative tumors. However, without further
subclassification and staging data, this observation
remains descriptive.15-1°

Additional categorization of HER2-negative
tumors into HER2-zero, HER2-low, and HER2-
ultralow revealed that a considerable proportion of
cases fell into the HER2-low and HER2-ultralow
categories. This supports the growing recognition
that HER2-negative breast cancer is a heterogeneous
group that may be further stratified based on low
levels of HER2 expression.

When comparing HER2-low and HER2-ultralow
groups, no significant differences were found across
all clinicopathological variables, including age,
hormone receptor status, Ki-67 index, TILs, LVI,
histologic grade, and tumor type. This suggests that,
within this study population, HER2-low and HER2-
ultralow tumors share similar clinicopathological
characteristics and may represent a closely related
biological spectrum rather than distinct entities.20 21

The lack of significant differences between these
subgroups may also be influenced by the small
sample size, particularly with only 15 patients
included in the HER2-low and HER2-ultralow
comparison. Therefore, these findings should be
interpreted with caution and confirmed in larger
cohorts.

This study presents several limitations. The
relatively small sample size restricts statistical power
and the ability to detect subtle differences between
groups. In addition, the absence of tumor staging
(TNM classification) limits the ability to fully
interpret tumor aggressiveness. Furthermore, the
retrospective design may contribute to selection bias
and limit data completeness.

Despite these limitations, this study provides
preliminary data on the distribution and
clinicopathological characteristics of HER2-low and
HER2-ultralow breast cancer in an Indonesian
population. These findings may serve as a foundation
for future studies exploring the clinical relevance of
extended HER?2 classification, particularly in relation
to emerging therapeutic strategies.
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6.

7.

8.

Future studies with larger cohorts and
prospective designs are needed to confirm these
findings. Integration with clinical outcomes, including
response to HER2-targeted therapies, including
antibody-drug conjugates, will be essential to
determine the clinical relevance of HER2-low and
HERZ-ultralow classifications.

Conclusion

This study demonstrates that most HER2-positive
and HER2-negative breast cancer patients were aged
240 years, with a predominance of high Ki-67
expression and histologic grade III tumors. HER2-
positive cancers were frequently hormone receptor-
positive, reflecting biological interaction among
HER2 and ER signaling pathways. Subclassification of
HER2-negative tumors into HER2-low and HER2-
ultralow revealed similar clinicopathological
characteristics, with luminal dominance and high
proliferative activity.

These findings emphasize the importance of
comprehensive molecular evaluation in breast cancer
for prognostic stratification and therapeutic decision-
making. An individualized treatment approach based
on HER2 and hormone receptor profiles is essential
to optimize clinical outcomes in breast cancer
patients.

Future studies with larger cohorts and
prospective designs are needed to confirm these
findings. Integration with clinical outcomes, including
response to HER2-targeted therapies, including
antibody-drug conjugates, will be essential to
determine the clinical relevance of HER2-low and
HER2-ultralow classifications.

Author Contribution

N. conducted the studies, collected the data
samples, and composed the manuscript. C.D
conceived the original idea and supervised the
project. S. and N.R. provided assistance and guidance
in the interpretation of the research results and
specimens.

Acknowledgements
None to declare

References

1. BrayF, Laversanne M, Sung H, Ferlay ], Siegel RL,
Soerjomataram I, et al. Global cancer statistics
2022: GLOBOCAN estimates of incidence and
mortality worldwide for 36 cancers in 185
countries. CA Cancer ] Clin. 2024;74(3):229-63.

2. Lamb CA, Vanzulli SI, Lanari C. Hormone
receptors in breast cancer: More than estrogen
receptors. Medicina (B Aires). 2019;79(6-
1):540-5.

3.  Wolff AC, Elizabeth Hale Hammond M, Allison
KH, Harvey BE, Mangu PB, Bartlett JMS, et al.
Human epidermal growth factor receptor 2

testing in breast cancer: American Society of
Clinical Oncology/College of  American

Pathologists clinical practice guideline focused

10.

11.

12.

13.

14.

15.

update. Journal of Clinical
2018;36(20):2105-22.

Franchina M, Pizzimenti C, Fiorentino V, Martini
M, Ricciardi GRR, Silvestris N, et al. Low and
Ultra-Low HER2 in Human Breast Cancer: An
Effort to Define New Neoplastic Subtypes. Int ]
Mol Sci. 2023;24(16).

Ullah A, Singla RK, Cao D, Chen B, Shen B. Age-

related and postmenopausal breast cancer
progression and treatment management: The

significance of pro-inflammatory cytokines and
CXC chemokines. Genes Dis. 2025;12(5):101606.

Clusan L, Ferriére F, Flouriot G, Pakdel F. A Basic

Review on Estrogen Receptor Signaling
Pathways in Breast Cancer. Int ] Mol Sci. 2023
Apr 6;24(7):6834.

Martin EM, Orlando KA, Yokobori K, Wade PA.
The estrogen receptor/GATA3/FOXA1
transcriptional network: lessons learned from
breast cancer. Curr Opin Struct Biol. 2021
Dec;71:65-70.

Cheng X. A Comprehensive Review of HER2 in
Cancer Biology and Therapeutics. Genes (Basel).
2024;15(7).

Aman NA, Doukoure B, Koffi KD, Koui BS, Traore
ZC, Kouyate M, et al. HER2 overexpression and

correlation with other significant

clinicopathologic parameters in Ivorian breast
cancer women. BMC Clin Pathol. 2019 Dec

17;19(1):1.

Hohmann L, Sigurjonsdottir K, Campos AB,
Nacer DF, Veerla S, Rosengren F, et al. Genomic
characterization of the HER2-enriched intrinsic

molecular subtype in primary ER-positive

HER2-negative breast cancer. Nat Commun.
2025 Mar 5;16(1):2208.

HuY, Jones D, Zhao W, Tozbikian G, Wesolowski
R, Parwani A V., et al. Incidence
Clinicopathologic Features, HER2 Fluorescence
In Situ Hybridization Profile, and Oncotype DX

Results of Human Epidermal Growth Factor
Receptor 2-Low Breast Cancers: Experience

From a Single Academic Center. Modern
Pathology. 2023 Jul;36(7):100164.

Shen G, Zhao F, Huo X, Ren D, Du F, Zheng F, et al.
Meta-Analysis of HER2-Enriched Subtype
Predicting the Pathological Complete Response
Within HER2-Positive Breast Cancer in Patients
Who Received Neoadjuvant Treatment. Front
Oncol. 2021 Jul 23;11.

He Y, Sun MM, Zhang GG, Yang ], Chen KS, Xu
WW, et al. Targetin PI3K/Akt signal
transduction for cancer therapy. Signal
Transduct Target Ther. 2021 Dec 16;6(1):425.
Li Y, Wang C, Huang T, Yu X, Tian B. The role of
cancer-associated fibroblasts in breast cancer
metastasis. Front Oncol. 2023 Jul 11;13.

Yang X, Rao ], Yang W, Shui R. Evaluation of the
Predictive and Prognostic Values of Stromal
Tumor-Infiltrating Lymphocytes in HER2-

189

Oncology.



https://acsjournals.onlinelibrary.wiley.com/doi/10.3322/caac.21834
https://acsjournals.onlinelibrary.wiley.com/doi/10.3322/caac.21834
https://acsjournals.onlinelibrary.wiley.com/doi/10.3322/caac.21834
https://acsjournals.onlinelibrary.wiley.com/doi/10.3322/caac.21834
https://pubmed.ncbi.nlm.nih.gov/31864223/
https://pubmed.ncbi.nlm.nih.gov/31864223/
https://pubmed.ncbi.nlm.nih.gov/31864223/
https://ascopubs.org/doi/10.1200/JCO.22.02864
https://ascopubs.org/doi/10.1200/JCO.22.02864
https://ascopubs.org/doi/10.1200/JCO.22.02864
https://ascopubs.org/doi/10.1200/JCO.22.02864
https://ascopubs.org/doi/10.1200/JCO.22.02864
https://www.mdpi.com/1422-0067/24/16/12795
https://www.mdpi.com/1422-0067/24/16/12795
https://www.mdpi.com/1422-0067/24/16/12795
https://www.sciencedirect.com/science/article/pii/S2352304225000959
https://www.sciencedirect.com/science/article/pii/S2352304225000959
https://www.sciencedirect.com/science/article/pii/S2352304225000959
https://www.sciencedirect.com/science/article/pii/S2352304225000959
https://www.sciencedirect.com/science/article/pii/S2352304225000959
https://www.mdpi.com/1422-0067/24/7/6834
https://www.mdpi.com/1422-0067/24/7/6834
https://www.mdpi.com/1422-0067/24/7/6834
https://www.sciencedirect.com/science/article/abs/pii/S0959440X21000865?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0959440X21000865?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0959440X21000865?via%3Dihub
https://www.mdpi.com/2073-4425/15/7/903
https://www.mdpi.com/2073-4425/15/7/903
https://link.springer.com/article/10.1186/s12907-018-0081-4
https://link.springer.com/article/10.1186/s12907-018-0081-4
https://link.springer.com/article/10.1186/s12907-018-0081-4
https://link.springer.com/article/10.1186/s12907-018-0081-4
https://www.nature.com/articles/s41467-025-57419-z
https://www.nature.com/articles/s41467-025-57419-z
https://www.nature.com/articles/s41467-025-57419-z
https://www.nature.com/articles/s41467-025-57419-z
https://www.modernpathology.org/article/S0893-3952(23)00069-8/fulltext
https://www.modernpathology.org/article/S0893-3952(23)00069-8/fulltext
https://www.modernpathology.org/article/S0893-3952(23)00069-8/fulltext
https://www.modernpathology.org/article/S0893-3952(23)00069-8/fulltext
https://www.modernpathology.org/article/S0893-3952(23)00069-8/fulltext
https://www.modernpathology.org/article/S0893-3952(23)00069-8/fulltext
https://www.frontiersin.org/journals/oncology/articles/10.3389/fonc.2021.632357/full
https://www.frontiersin.org/journals/oncology/articles/10.3389/fonc.2021.632357/full
https://www.frontiersin.org/journals/oncology/articles/10.3389/fonc.2021.632357/full
https://www.frontiersin.org/journals/oncology/articles/10.3389/fonc.2021.632357/full
https://www.nature.com/articles/s41392-021-00828-5
https://www.nature.com/articles/s41392-021-00828-5
https://pmc.ncbi.nlm.nih.gov/articles/PMC10367093/
https://pmc.ncbi.nlm.nih.gov/articles/PMC10367093/
https://pmc.ncbi.nlm.nih.gov/articles/PMC10367093/
https://link.springer.com/article/10.1007/s11523-018-0602-1
https://link.springer.com/article/10.1007/s11523-018-0602-1
https://link.springer.com/article/10.1007/s11523-018-0602-1

16.

17.

18.

19.

20.

21.

Positive  Breast Cancers treated  with
neoadjuvant chemotherapy. Target Oncol. 2018
Dec 7;13(6):757-67.

Monteran L, Erez N. The Dark Side of Fibroblasts:
Cancer-Associated Fibroblasts as Mediators of
Immunosuppression in the Tumor
Microenvironment. Front Immunol. 2019 Aug
2;10.

Cheng X. A Comprehensive Review of HER2 in
Cancer Biology and Therapeutics. Genes (Basel).
2024 Jul 11;15(7):903.

Kuhn E, Gambini D, Despini L, Asnaghi D, Runza
L, Ferrero S. Updates on Lymphovascular
Invasion in Breast Cancer. Biomedicines. 2023
Mar 21;11(3):968.

Schettini F, Pascual T, Conte B, Chic N, Braso-
Maristany F, Galvan P, et al. HER2-enriched
subtype and pathological complete response in
HER2-positive breast cancer: A systematic
review and meta-analysis. Cancer Treat Rev.
2020 Mar;84:101965.

Shashikumar HB, Sindhushree N, Ramakrishna
M, Fathima Shihana Hameed. The study of the
correlation of estrogen receptor, progesterone
receptor, and HER2 receptor status in breast
cancer and its incidence in a tertiary center
hospital in South India. Asian ] Med Sci.
2022;13(7):87-91.

Liang Q, Ma D, Gao RF, Yu KD. Effect of Ki-67
Expression Levels and Histological Grade on
Breast Cancer Early Relapse in Patients with
Different Immunohistochemical-based
Subtypes. Sci Rep. 2020 May 6;10(1):7648.

190


https://link.springer.com/article/10.1007/s11523-018-0602-1
https://link.springer.com/article/10.1007/s11523-018-0602-1
https://www.frontiersin.org/journals/immunology/articles/10.3389/fimmu.2019.01835/full
https://www.frontiersin.org/journals/immunology/articles/10.3389/fimmu.2019.01835/full
https://www.frontiersin.org/journals/immunology/articles/10.3389/fimmu.2019.01835/full
https://www.frontiersin.org/journals/immunology/articles/10.3389/fimmu.2019.01835/full
https://www.mdpi.com/2073-4425/15/7/903
https://www.mdpi.com/2073-4425/15/7/903
https://www.mdpi.com/2227-9059/11/3/968
https://www.mdpi.com/2227-9059/11/3/968
https://www.sciencedirect.com/science/article/abs/pii/S0305737220300037
https://www.sciencedirect.com/science/article/abs/pii/S0305737220300037
https://www.sciencedirect.com/science/article/abs/pii/S0305737220300037
https://www.sciencedirect.com/science/article/abs/pii/S0305737220300037
https://ajmsjournal.info/index.php/AJMS/article/view/2109
https://ajmsjournal.info/index.php/AJMS/article/view/2109
https://ajmsjournal.info/index.php/AJMS/article/view/2109
https://ajmsjournal.info/index.php/AJMS/article/view/2109
https://ajmsjournal.info/index.php/AJMS/article/view/2109
https://www.nature.com/articles/s41598-020-64523-1
https://www.nature.com/articles/s41598-020-64523-1
https://www.nature.com/articles/s41598-020-64523-1
https://www.nature.com/articles/s41598-020-64523-1
https://www.nature.com/articles/s41598-020-64523-1

	1. Introduction

