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Abstract

Aims
This study aimed to investigate the association between tumor-in�ltrating lymphocytes (TIL) and
androgen receptors (AR) and to assess their impact on early triple-negative breast cancer (TNBC)
prognosis. Previous studies analyzed only stromal TIL (sTIL) and intratumoral (ITIL), while this study
includes an additional spatial analysis for TIL in central tumor (CT) and invasive margin (IM)
compartments and correlation with AR expression and overall survival (OS).

Methods
A retrospective cohort study encompassing 152 early TNBC tissue samples from patients treated at a
tertiary oncologic center between 2009 and 2012. TIL and AR were assessed using formalin-�xed
para�n-embedded samples, using hematoxylin-eosin staining and immunohistochemistry. AR-positive
tumors were considered those with ≥ 1% nuclear-stained cells.

Results
High TIL indicators were found to be positive prognostic factors. Although AR was not an independent
prognostic factor, its interactions with sTIL and ITIL at IM impacted OS. Positive AR along with high sTIL
and ITIL in IM were associated with favorable OS (HR for sTIL 0.22; 95%CI 0.05–0.97; p = 0.045 and HR
for ITIL 0.10; 95%CI 0.01–0.78; p = 0.028).

Conclusion
Spatial morphological analysis of TIL reveals an additional prognostic value when combined with AR
status, and shows a clinically signi�cant impact on OS in early TNBC.

Introduction
Triple-negative breast cancer (TNBC) is responsible for one-sixth of all breast cancer cases, associated
with highly aggressive behavior and a poor prognosis. (1, 2) It represents a subset of patients marked by
heterogeneiety, with speci�c molecular characteristics that portend early relapse and rapid progression of
disease. (3, 4) In the absence of a valid biomarker, and thus a tool to monitor targeted treatment
outcomes, chemotherapy remains the backbone of TNBC treatment. TNBC exhibit a paradox in treatment
- better chemosensitivity and response to therapy, but worse survival. (5) Modern research aims put an
emphasis on �nding new biomarkers that will be predictive and prognostic in TNBC, such as androgen
receptors (AR) and tumor-in�ltrating lymphocytes (TIL). Little is known about the association of TIL and
AR in TNBC, especially about their joint effect on the prognosis in early disease stages. Several



Page 3/13

monoinstitutional analyses on a small number of patients in the last three years have shown that there is
generally no statistically signi�cant correlation between these parameters. (6, 7, 8) On the other hand,
analyses on TIL to date have evaluated mostly stromal and intratumoral TIL, leaving room to reconsider
the connections between TIL and AR from a spatial analysis standpoint. If these variables are considered
separately in compartments of central tumor (CT) and invasive margin (IM), additional information
related to prognosis may be uncovered. The aim of this study was to investigate the association of
spatial sTIL and iTIL analysis in the CT and IM tumor compartments and AR in early TNBC, and their
prognostic signi�cance.

Results
We enrolled 152 patients with the median (IQR) age 58 (47–70) years, 64% were postmenopausal, 84%
diagnosed with NOS, with median (IQR) size of tumor of 2.2 (1.55–2.95) cm, 41% of them with positive
lymph nodes, 22% in stage I, 59% in stage II, and 19% in stage III of disease. Radical mastectomy was
performed in 39% of patients, 88% were treated with adjuvant chemotherapy and 74% with adjuvant
radiotherapy. No patients were treated with the neoadjuvant approach.

Positive AR de�ned as tumors with ≥ 1% nuclear-stained cells, was present in 47 (31%) patients, and AR
de�ned as tumors with ≥ 10% nuclear-stained cells, in 40 (26%) patients. Distribution of AR expression
was markedly positively asymmetric and statistically signi�cantly different from the normal distribution.
(Shapiro-Wilk test, n = 151, W = 0,83; V = 20,07; z = 6,8; p < 0.001). Similarly, presence of TIL in spatial
analysis showed a positive asymmetric distribution. Spatial morphological analysis of TIL by
compartments revealed that: median sTIL was 19%, median iTIL 5%, median TIL in CT 5%, and median
TIL at IM 18%; median sTIL in CT 5%, median iTIL in CT 1%, median sTIL at IM 30%, and median iTIL at
IM 5%. Prevalence of intermediate or high TIL expressions de�ned in accordance with the International
TIL Working Group criteria as ≥ 10% were: sTIL in CT in 48% of cases, iTIL in CT in 23%, sTIL at IM in
86%, and iTIL at IM in 47% of cases.

Association of AR expression and TIL presence
Expression of AR was not statistically signi�cantly associated with the presence of sTIL and iTIL, or with
TIL in individual compartments (Table 1; Fig. 1).
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Table 1
Association of AR expression and TIL presence by compartments

  AR

  ρ (95% CI) p

sTIL -0.04 (-0.21-0.12) 0.598

iTIL -0.05 (-0.21-0.10) 0.516

sTIL CT -0.06 (-0.22-0.10) 0.463

iTIL CT -0.08 (-0.24-0.09) 0.349

sTIL IM -0.05 (-0.21-0.11) 0.549

iTIL IM -0.07 (-0.23-0.09) 0.403

ρ = Spearman's range correlation coe�cient; CI = con�dence interval;

p = statistical signi�cance of correlation coe�cient

AR and TIL interaction as prognostic markers
In univariate analysis, all TIL indicators except iTIL CT showed signi�cant positive correlation with
improved OS, while AR status did not show an impact on OS. iTIL in IM emerged as the best prognostic
factor in univariate analysis. Patients with high iTIL in IM had a 5-year survival of 86.1%, unlike 62.5% in
patients with low iTIL in IM. When all four TIL compartments, AR and all clinical and histopathological
variables were included in a multivariate regression model, only high iTIL in CT was independently
associated with favorable survival (Table 2).



Page 5/13

Table 2
Cox regression analysis showing the association between TIL indicators, AR expression and overall

survival.

  HR (95% CI) p

Univariate      

sTIL CT 0.97 (0.94–0.99) 0.011

iTIL CT 0.95 (0.90-1.00) 0.053

sTIL IM 0.97 (0.95–0.99) < 0.001

iTIL IM 0.93 (0.89–0.98) 0.005

AR 1.00 (0.99–1.01) 0.821

Adjusted*      

sTIL CT 1.05 (1.00-1.11) 0.060

iTIL CT 0.93 (0.86-1.00) 0.039

sTIL IM 1.05 (0.99–1.11) 0.099

iTIL IM 0.97 (0.88–1.07) 0.525

AR 1.00 (0.99–1.02) 0.673

HR – hazard ratio; CI = con�dence interval; *adjusted for age, comorbidities, menopausal status, PHD,
tumor size, N status, stage of disease, grade, Ki 67, type of surgery, adjuvant chemo

Although AR was not an independent prognostic factor, it's interactions with sTIL and iTIL at IM impacted
OS.

In a subgroup analysis, patients with high sTIL at IM and positive AR had favorable outcome when
compared with patients with high sTIL at IM and positive AR (HR 0.22; 95% CI 0.05–0.97; p = 0.045)
(Fig. 2). The same pattern was identi�ed in patients with high iTIL at IM and positive AR (HR 0.10; 95% CI
0.01–0.78; p = 0.028) for an adverse outcome compared to the patients with low iTIL at IM and negative
AR (Fig. 3). Five-year survival rate was 70.0% in patients with low iTIL at IM and negative AR, unlike 95.1%
in patients with high iTIL and positive AR. Moreover, patients with high sTIL and positive AR had a 5-year
survival rate of 78.0%, unlike 66.0% in patients with low sTIL and negative AR.

Discussion
The relationship between AR and TIL in breast cancer, especially in TNBC, has only recently raised interest
in literature. Although the interactions between androgen signaling pathways and the immune in�ltrate
has been previously described in prostate and urinary bladder cancer, literature on this topic in breast
cancer is scarce. (11, 12). One study analyzed the relationship between AR and TIL on 50 early TNBC
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patient samples, stages I to III, showing that as many as 70% of samples had a high TIL in�ltration (> 
80%) and 26% were AR positive. No statistically signi�cant association was found between AR and TIL,
but CD8 was shown to be more frequently present in AR positive tumors and CD4 in AR negative tumors.
(6, 9) AR expression was more common in tumors with low Ki-67 but, unusually, in younger patients and
in N + disease. High TIL in�ltration was more common in aggressive tumors, with high grade and Ki-67
levels, but these tumors showed lower rates of disease recurrence and death. At the same time, they
reported lower levels of CD8. (6) In 2019, another analysis examined the association between AR and TIL
in 36 patients with early and metastatic TNBC. AR cut-off was ≥ 1%, and TIL were evaluated by HE
staining with de�ning LPBC if sTIL ≥ 50%. AR were expressed in 19.4% of patients, with a median TIL of
15% in AR + and 33% in AR-, but without statistical signi�cance regarding TIL values. (9) On the other
hand, studies on CD3 T-cell markers showed they are more common in AR+, while CD20 is more common
in AR-. The CD8 prevalence was not statistically different between AR + and AR-, but CD8 was
signi�cantly less present in the more advanced stages of disease (III and IV), compared to the lower (I and
II). (14) A positive correlation between CD8 and CD3 was found, but with con�icting negative
associations also described between CD3/CD20 and CD4/CD8. (7) An analysis of the AR prognostic role
in 139 patients with early and metastatic TNBC, compared paired cases with present/absent disease
dissemination, and AR status was identifed as a prognostic indicator, especially in TNBC patients not
treated with systemic antineoplastic therapy. In the group receiving systemic treatment, the best outcome
was in the low AR group (1 to 34%). The presence of sTIL was also included in the analysis, but without a
report of a statistically signi�cant correlation between the two parameters (8). A link between AR and the
immune in�ltrate in breast cancer was made by gene expression analysis in TNBC that de�ned three
tumor subgroups, a non-basaloid, LAR subtype with a scarce immune response in about 20% of cases, BL
with a scarce immune response and M2 macrophages, in almost 50% of TNBC cases and basaloid-
enriched in strong immune responses and few M2 macrophages, in about 30% of cases. (15) In a study
detailing AR and TIL effect on tastuzumab therapeutic response on 150 patients with metastatic HER2-
positive breast cancer, AR expression was present in over 80% of cases (ER were positive in over 50% of
cases) and was negatively correlated with M2 TAM (Tumor Associated Macrophages), and CD8 and CD3,
but only in case of ER+. (16) Overall, AR were shown to be more pronounced in samples with low immune
in�ltrate, and vice versa, tumors with a high percentage of immune in�ltrate were more often AR negative.
More importantly, although only in exploratory analyses, patients with high AR expression and high
immune in�ltration were found to have a statistically signi�cantly better OS, compared with tumors with
low AR expression and high immune in�ltrate, whereas there were no differences in OS in the other
groups. It should, however, be noted that the study also found that the correlation between AR and
immune in�ltrate, that is, each of the individual IHC evaluated immune cell lines, differed in dependence
of ER expression. (16, 17, 18, 19), Published data suggest that at least two key independent sources of
biological information in TNBC (cellular and immune, and in addition to molecular data), have generated,
a new immune classi�cation of TNBC. (20) A study by Dieci et al. also demonstrated a prognostic role of
AR in the TNBC cohort, noting that AR positive tumors were signi�cantly associated with lower TIL
values. On the other hand, although AR in�uenced prognosis, independent of disease stage, by adding
TIL as a variable to the analysis, only TIL along with stage remained a strong independent prognostic
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factor. AR positive tumors had signi�cantly worse DDFS, compared to AR negative tumors. (21) The
association between high-AR tumors and antitumor regulatory T cells in general was also established,
with AR-negative tumors positively correlated with antitumor immune cells, and AR positive tumors were
inversely correlated, but had better survival. (22) The above results differ from those previously described
in the TNBC and HER2 + populations, which once again indicates a more complex network of interactions
of all these molecules de�ning breast cancer subtypes, and the modulatory in�uence of each on the
correlation of the others. Finally, a recently published analysis showed that TIL in TNBC were a good
prognostic indicator, that AR in TNBC were a negative prognostic indicator, that AR + tumors generally had
poor TIL in�ltration, and the worst DFS was in TIL- / AR + tumors. TIL in the TIL + / AR + subgroup appear
to play a protective role, preventing disease recurrence and worse outcomes for these patients. (23)

No correlation of AR expression and TIL presence was observed in this analysis, however, a potential
additional prognostic value was observed in the interaction of AR with TIL at the IM. The described
heterogeneity of results with respect to the relationship of AR and TIL among different breast cancer
subtypes could be somewhat expected, given the trend of different roles of each parameter individually in
ER +, HER2 + and TNBC. It remains to be considered how many factors affect the relationships among the
investigated parameters, the impact of which has not yet been de�ned or quanti�ed. Modelled on the
modulatory in�uence of, for example, the ER on the ratio of AR and TIL, similar can be thought about
other molecular parameters, especially in the TNBC category. The described relationship of two
apparently unrelated parameters, the luminal (AR+) subtype of tumor cells and the activation of the host
intrinsic immune response, carries the potential in better de�ning TNBC prognosis.

The limitations of this research are associated with the retrospective model containing the possibility of
systematic bias. This is an unicentric analysis, covering only patients treated for a certain period of time
at a single center. Also, data such as more detailed pathohystological description, condition of margins
on the postoperative sample, presence of DCIS component, LVI and PNI and some sociodemographic
components such as BMI, family history and comorbidity were missing for a larger number of patients in
the sample, and these variables were not included in the �nal analysis. In this analysis, parameters such
as molecular markers for TNBC, such as CK5/6, EGFR, are missing, meaning TNBC was not categorized
into basaloid, 5NP, luminal.., what certainly affects the expression of the analyzed variables in this study.
Overall, the sample had a small absolute number of AR positive, especially AR highly positive patients, so
we did not obtain statistical signi�cance in the multi-parameter analyses as well as in the survival
analyses for the high-AR category. However, this study is one of the �rst and analyses of AR and TIL in a
homogeneous cohort of patients with early TNBC using spatial TIL analysis. The associations between
AR and TIL were extremely low (ρ < 0.08) and negative. Based on sample size and empirical AR
distribution, reliable conclusions on whether the variables are independent are di�cult, but our results
give ground to an assumption that larger samples may show a positive correlation, especially after a
value of 60 with sTIL at IM and 40 with iTIL at IM.

Methods
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To address the aim of the study, a retrospective cohort study encompassing 152 tissue samples of early
TNBC patients diagnosed and treated at a tertiary oncologic referral center between 2009 and 2012 was
designed. The study was approved by the University Hospital Center Bioethical Board adhering to the
Helsinki Declaration Revision of 1989 and written informed consent was obtained from all the
participants. It has been assembled according to Strengthening the Reporting of Observational studies in
Epidemiology (STROBE) guidelines. TIL and AR were assessed using standard FFPE histopathological
tissue samples. Morphological analysis of TIL was performed in accordance with the recommendation of
International Working Group for the Evaluation of TIL by HE staining, identifying sTIL and iTIL separately
in CT and IM. (9) AR was identi�ed using immunohistochemistry, with the cut–off value for positivity of
≥ 1%, as per current ASCO/CAP recommendations on hormone receptor (ER and PR) analysis. (10)
Inclusion criteria were: 1) patients aged 18–80 years, 2) patients with a de�nitive histopathological
diagnosis of TNBC, 3) no prior oncological treatment, 5) no in�ammatory or hematologic disorder
affecting the peripheral cell count, 6) complete medical history, 7) minimum follow-up period of �ve
years. Exclusion criteria were related to incomplete patient data and follow-up.

The primary predictor variables included heterogenous data grouped into logical sets: age, comorbidities,
menopausal status, histological type of tumor, tumor size, number of positive lymph nodes, stage of
disease, Ki-67 proliferation index, type of surgery of the breast and axilla, and treatment with adjuvant
chemotherapy and radiotherapy. Data analysis was aimed at evaluating associations between TIL and
AR values as variables and overall and disease-free survival as a primary end point. The continuous
variables’ distribution normality was veri�ed by the Shapiro-Wilk test. In the case of statistically
signi�cant deviations from the theoretically expected normal distributions, they are described by the
median and interquartile ranges. Bivariate association of predictors and confounding variables with the
primary outcome was veri�ed by a series of binary logistic regression analyses. All variables that were
found to be statistically signi�cantly related to the criterion at the p < 0.25 level, were included in the
multivariable, binary, logistic model. Every variable that was signi�cantly associated with survival was
further analyzed with a ROC (Receiver Operating Characteristic) analysis and a cut-off value for
complication occurrence was identi�ed using the Youden J index (measuring the sensitivity and
speci�city of a dichotomous tested variable) and patients were divided into low risk (< the cut-off value)
and high risk subgroups (> the cut-off value). Associations between possible prognostic factors and
overall patient survival were analysed using Kaplan–Meier survival analysis using the log-rank test.
Secondary outcomes were analyzed by multivariate regression analysis with a Cox proportional hazard
model and binary logistic regression. The level of two-way statistical signi�cance was determined at the
p < 0.05 level and all the con�dence intervals were calculated at the 95% level. Statistical analysis was
made in StataCorp. 2019. Stata Statistical Software: Release 16. College Station, TX: StataCorp LLC.

Conclusion
No correlation of AR expression and TIL presence was observed in this analysis, but spatial
morphological analysis of TIL reveals additional prognostic value when combined with AR status, and
shows a clinically signi�cant impact on OS in early triple-negative breast cancer patients. The described
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relationship of two apparently unrelated parameters, concerning tumor cells and compartment-speci�c
activation of the host intrinsic immune response, carries possible prognostic potential.
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Figures

Figure 1

Point diagrams of association of AR expression with presence of TIL in individual compartments; the
curve represents an 80% locally impeded polynomial regression curve
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Figure 2

Kaplan-Meier curve comparing the high sTIL at IM and AR≥1 group and low sTIL at IM and AR=0 group.
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Figure 3

Kaplan–Meier survival analysis comparing the high iTIL at IM and AR≥1 group and low iTIL at IM and
AR=0 group


