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ABSTRACT

Purpose: The tumor-infiltrating lymphocytes (TILs) expression in breast cancer is a positive
prognostic marker for certain breast cancer subtypes. We evaluated the efficacy of dual anti-
human epidermal growth factor receptor 2 (HER2) blockade in HER2-positive breast cancer
and hypothesized that high TILs tumors are associated with better outcomes.

Methods: A total of 176 patients who were treated with neoadjuvant docetaxel, carboplatin,
trastuzumab, and pertuzumab (TCHP) between December 2015 and December 2018 were
reviewed. They were grouped based on a cut-off value of the stromal TILs grade (< 20% TILs,
>20% TILs).

Results: In total, 107 patients (60.8%) achieved pathological complete response (pCR).
Hormone receptor (HR)-negativity (p = 0.001) and a high TILs grade (p = 0.022) were
independent predictors of pCR. Among the HR-negative patients, high TILs tumors were
significantly associated with pCR (p = 0.035).

Conclusion: HR status and the TILs grade are significantly correlated with pCR in dual
anti-HER2 neoadjuvant therapy. The evaluation of the TILs at baseline may be beneficial for
predicting pCR in HER2-positive breast cancer.

Keywords: Receptor, ErbB-2; Neoadjuvant therapy; Lymphocytes; Tumor microenvironment

INTRODUCTION

Human epidermal growth factor receptor 2 (HER2)-positive breast cancer is associated with
an increased risk of disease recurrence and poor prognosis. However, in the CLEOPATRA
trial, dual HER2 blockade demonstrated unprecedented overall survival benefits with long-
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term follow-up [1]. In the neoadjuvant setting, patients with HER2-positive early breast
cancer showed that the combination of pertuzumab- and trastuzumab-based treatments,
compared with the trastuzumab-based therapy alone, significantly improved the pathological
complete response (pCR) rate, which has been linked to long-term benefits [2,3]. Therefore,
docetaxel, trastuzumab, and pertuzumab were approved for metastatic and early-stage
HER2-positive breast cancer in 2012 and 2013, respectively. Moreover, the TRYPHAENA study
showed that the THP and carboplatin regimens achieved the best pCR rate among the other
dual HER2 blockade regimens [3]. However, the pCR rate remained at 57%-66%; however,
the indications of dual HER2 blockade are unclear [4]. Previous studies have shown that
immunological markers are closely related to neoadjuvant chemotherapy outcomes in breast
cancer [5]. Tumor-infiltrating lymphocytes (TILs) have been prognostic markers for certain
subtypes of breast cancers [6,7]. Moreover, the TILs at diagnosis is a positive prognostic
marker in HER2-positive early breast cancer treated with neoadjuvant anti-HER2 agents

[8]. In this study, we retrospectively evaluated the efficacy of the docetaxel, carboplatin,
trastuzumab, and pertuzumab (TCHP) regimen and hypothesized that higher levels of TILs
would be associated with better clinical outcomes in patients treated with TCHP.

METHODS

Study population and treatment

The data of 176 patients who were pathologically confirmed as HER2-positive based on
preoperative breast biopsy between December 2015 and December 2018 were reviewed
retrospectively. The clinical stages were determined based on the outcomes of physical
examination, radiological studies (mammography, breast sonography, breast magnetic
resonance imaging), and biopsy findings before any surgical intervention. These patients
received TCHP every 3 weeks for 6 cycles. Trastuzumab was administered every 3 weeks

at a dose of 8 mg/kg (cycle 1), which was reduced to 6 mg/kg. The pertuzumab loading

dose was 840 mg, followed by 420 mg every 3 weeks. Carboplatin was administered at a

dose of area under the plasma concentration-time curve (area under the receiver operating
characteristic [ROC] curve [AUC] 6), and docetaxel was administered at 75 mg/m? [3]. After
the neoadjuvant therapy, the patients underwent surgery and resumed the 1-year of adjuvant
trastuzumab therapy. They received further adjuvant therapy (radiotherapy, chemotherapy,
and hormonal treatment) according to local practice guidelines. This retrospective study was
approved by the Institutional Review Board of Asan Medical Center (IRB number: 2019-1061),
and the requirement for informed patient consent for the use of data was waived.

Histological evaluation and immunohistochemistry

HER2-positive breast cancer patients who underwent pre-treatment biopsy for breast cancer
and formalin-fixed paraffin-embedded tissue samples for analysis were included in this study.
The histological subtype of HER2-positive breast cancer was defined according to the 2012
World Health Organization criteria and graded based on the modified Bloom-Richardson
classification [9]. The Ki-67 index was assessed, and a cut-off value of 20%, proposed by

a recent meta-analysis, was used [10]. Therefore, a Ki-67 index of > 20% was considered
high. Standard biomarkers, estrogen receptor (ER), progesterone receptor (PR), and HER2
were reviewed at the time of diagnosis. All tumors were histopathologically reviewed for

the presence of TILs, and the TILs were counted according to the International Immuno-
Oncology Biomarker Working Group guidelines [11]. The TILs count was defined as the
percentage of the stroma of the invasive carcinoma infiltrated by lymphocytes, and it was
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determined in 10% increments. Since there is no clear standard for the optimal cut-off value
for the TILs, we analyzed it based on our data. The correlation between the 10% and 20%
TILs cut-off groups with pCR was plotted as an ROC curve (Supplementary Figure 1). The
AUC was calculated. The AUC of the 20% TILs cut-off group was higher than that of the 10%
TILs cut-off group (AUC, 0.627 vs. 0.561). According to these results, we classified the TILs
grade with a cut-off value of stromal TILs (< 20% TILs vs. > 20% TILs). Tumors with TILs less
than 20% were allocated to the low TILs grade, and those with TILs levels of 20% or more
were allocated to the high TILs grade. The pathological response after neoadjuvant therapy
was determined from the surgical specimen. We defined pCR as the absence of any residual
invasive tumor cells in the breast and lymph nodes (ypT0/is, ypNO).

Statistical analysis

The patient demographics, clinicopathological characteristics including hormone receptor
(HR) status, and treatment outcomes were analyzed using y? or Fisher's exact tests.
Univariate and multivariate analyses were performed to determine the factors significantly
associated with pCR. The grading of TILs was categorized into two groups according to the
percentage of stromal TILs (cut off label; 20%) based on ROC curve analysis. Correlations
between TILs grade, clinicopathological factors, and tumor response were evaluated using
the y? or Fisher's exact tests, and the Cochran-Mantel-Haenszel y? test was performed to
verify the significant independent factors associated with pCR. Univariate and multivariate
analyses were performed using a binary logistic regression model. The odds ratios (ORs) and
95% confidence intervals (CIs) with two-sided p-values were used. All the statistical analyses
were performed using IBM SPSS Statistics for Windows, Version 22.0 (IBM Corporation, New
York, USA). The p < 0.05 denoted statistical significance.

RESULTS

Patients

A total 0of 176 patients with HER2-positive breast cancer were treated with neoadjuvant TCHP
therapy. All of them completed six cycles of neoadjuvant chemotherapy followed by surgery.
The median follow-up duration was 20.5 months (range, 9.3-47.0 months), and the baseline
demographics of the 176 patients are presented in Table 1. The median age at diagnosis was
50 years (range, 25-74 years). Ninety-six (54.5%) patients had stage II disease, and 80 (45.5%)
had stage III disease according to the seventh edition of American Joint Committee on Cancer.
Ninety-three patients (47.2%) had ER- or PR-positive tumors, and most of the patients (172,
97.7%) showed a high Ki-67. The median TILs level was 15.0% (range, 0%—-80%), 125 (71.0%)
patients had low TILs grade (< 20%), and 48 (27.3%) had high TILs grade (> 20%).

Treatment responses

Of the 176 patients, 107 (60.8%) achieved pCR after dual HER2 blockade. Correlation analysis
showed that HR status and TILs grade are significantly correlated with pCR (p =0.001, p
=0.038, y’ test, respectively) (Table 1). In a univariable analysis, HR-negativity (OR, 2.83;
95% CI, 1.50-5.34; p = 0.001) and high TILs grade (OR, 2.19; 95% CI, 1.06—4.52; p=0.035)
were significantly correlated with pCR. No significant associations between pCR and the
other factors were found (Table 2). In a multivariable analysis adjusted for clinicopathologic
factors, HR-negativity (OR, 2.98; 95% CI, 1.55-5.72; p=0.001) and a high TILs grade (OR,
2.41; 95% CI, 1.13-5.12; p= 0.022) were independent predictors of pCR. The difference in
PCR rates between the HR-negative and HR-positive patients was 23.9% (95% CI, 38.3-95.6;
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Table 1. Baseline characteristics of the study cohort stratified by pathologic complete response (n = 176)

Characteristics Total patients Non-pCR pCR p-value

No. of patients 176 (100) 69 (39.2) 107 (60.8)

Age at diagnosis 50 (25-74) 49 (25-74) 51 (26-73) on7
<50 84 (47.7) 38 (45.2) 46 (54.8)
> 50 92 (43.2) 31(33.7) 61(66.3)

Menopausal state 0.384
Premenopausal 100 (56.8) 42 (42.0) 58 (58.0)
Postmenopausal 76 (43.2) 27 (35.5) 49 (64.5)

Clinical stage at diagnosed (AJCC 7th) 0.260
Stage Il 96 (54.5) 34 (35.8) 62 (64.6)

Stage Il 80 (45.5) 35 (43.8) 45 (56.3)

Clinical nodal status 0.052
LN negative 53 (30.1) 15 (28.3) 38 (71.7)

LN positive 123 (69.9) 54 (43.9) 69 (56.1)

HR status 0.001
HR (-) 83 (47.2) 22 (26.5) 61 (73.5)

HR (+) 93 (52.8) 47 (50.5) 46 (49.5)

Ki-67 0.655
Low (< 20%) 4(2.3) 2 (50.0) 2 (50.0)

High (> 20%) 172 (97.7) 67 (39.0) 105 (61.0)

Histologic grade 0.475
Il 130 (73.9) 53 (40.8) 77 (59.2)

Il 46 (26.1) 16 (34.8) 30 (65.2)

TiLs 15.0 (0-75) 5.0 (0-75) 15.0 (0-75) 0.035
<20% 195 (71.0) 56 (44.8) 69 (55.2)
>90% 48 (27.3) 13 (27.1) 35 (72.9)

Unknown 3(1.7) 0 3(100)

Values are presented as median (range) or number (%).
pCR = pathological complete response; AJCC = American Joint Committee on Cancer; LN = lymph node; HR =
hormone receptor; TIL = tumor-infiltrating lymphocyte.

p=0.001) (Figure 1A). The difference in the pCR rate between the high and low TILs grade
was 17.7% (95% CI, 1.4-34.0; p = 0.033) (Figure 18B).

Associations between pCR and TiLs grade

A comparison of the clinicopathological features according to the TILs grade is shown in
Table 3. Tumors with a high TILs grade had a pCR rate of 72.9%, compared with 55.2% for
those with low TILs grade (p = 0.033). The less advanced stages were associated with high
TILs grade (p = 0.012). No other factors were correlated with the TILs grade.

Among the HR-negative patients, high TILs grade was significantly associated with pCR (OR,
4.75; 95% CI, 1.01-22.44; p=0.035). On the contrary, in HR-positive patients, the association

Table 2. Univariable and multivariable analysis for the prediction of pathologic complete response

Characteristics Univariable analysis Multivariable analysis*
OR 95% Cl p-value OR 95% Cl p-value
Age > 50 1.63 0.88-2.99 0.118
Postmenopausal 1.31 0.71-2.43 0.384
Stage Il 0.7 0.38-1.30 0.260
LN negative 1.98 0.99-3.98 0.052
Ki-67 > 20% 0.64 0.09-4.64 0.657
HR (-) 2.83 1.50-5.34 0.001 2.98 1.55-5.72 0.001
Histologic grade IlI 1.29 0.64-2.60 0.475
TILs > 20% 281 1.06-4.52 0.035 2.41 113-5.12 0.022

LN = lymph node; OR = odds ratio; Cl = confidence interval; HR = hormone receptor; TIL = tumor-infiltrating lymphocyte.
*Adjusted for LN involvement, HR, TILs grade.
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Figure 1. The pCR rates stratified by HR status (A) and TIL grade (B).
HR = hormone receptor; TIL = tumor-infiltrating lymphocyte; CI = confidence interval; pCR = pathological
complete response.

Table 3. Clinicopathologic features stratified by the TILs grade

Characteristics Low TILs (n =125) High TILs (n = 48) p-value

Age at diagnosis 50.0 (27-74) 49.5 (25-67) 0.814
<50 60 (71.4) 24 (28.6)
> 50 65 (73.0) 24 (27.0)

Menopausal state 0.683
Premenopausal 72 (73.5) 26 (26.5)
Postmenopausal 53 (70.7) 29 (29.3)

Clinical stage at diagnosed (AJCC 7th) 0.012
Stage Il 61(64.2) 34 (35.8)
Stage Il 64 (82.1) 14 (17.9)

Clinical nodal status 0.225
LN negative 35 (66.0) 18 (34.0)
LN positive 90 (75.0) 30 (25.0)

HR status 0.616
HR (=) 60 (74.1) 21 (25.9)
HR (+) 65 (70.7) 27 (29.3)

Ki-67 0.901
Low (< 20%) 3(75.0) 1(25.0)
High (> 20%) 122 (72.2) 47 (27.8)

Treatment responses 0.033
Non-pCR 56 (81.2) 13 (18.8)
pCR 69 (66.3) 35 (33.7)

Values are presented as median (range) or number (%).
TIL = tumor-infiltrating lymphocyte; pCR = pathological complete response; AJCC = American Joint Committee on
Cancer; HR = hormone receptor.

Table 4. The pCR stratified by TILs grade and HR status

HR status TILs grade Non-pCR pCR p-value

HR (-) Low TILs 20 (33.3) 40 (66.7) 0.035
High TiLs 2 (9.5) 19 (90.5)

HR (+) Low TILs 36 (55.4) 29 (44.6) 0.208
High TiLs 11 (40.7) 16 (59.3)

Values are presented as number (%o).
PCR = pathological complete response; HR = hormone receptor; TILs = tumor-infiltrating lymphocytes.

between the TILs grade and pCR was not statistically significant (OR, 1.81; 95% CI, 0.73—
4.49; p=0.208) (Table 4). When stratified by HR status, high TILs grade was significantly
associated with pCR (Cochran-Mantel-Haenszel y* test, p = 0.021).
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DISCUSSION

The development of multiple highly effective HER2-targeting drugs has transformed
treatments and remarkably improved survival outcomes. Without more sensitive and specific
biomarkers to tailor therapy based on the risk of recurrence and the likelihood of treatment
response, over-treatment or under-treatment remains a concern in early breast cancer.

This study highlights the prognostic impact of HR status and TILs grade in HER2-
positive breast cancer patients receiving neoadjuvant therapy with dual HER2 blockade
with pertuzumab and trastuzumab. HR-negativity with high TILs grade was significantly
associated with pCR.

These results corroborate the outcomes of a previous study by Salgado et al. [8] that reported
that the pCR rate was associated with TILs grade in HER2-positive breast cancers after
neoadjuvant therapy. Specifically, the pCR rate was significantly higher in the high TILs group
than in the low TILs group in HER2-positive patients treated with neoadjuvant anti-HER2
blockade using trastuzumab and lapatinib. Thus, we believe that these results strengthen the
positive prognostic impact of stromal TILs in HER2-positive breast cancer patients treated
with dual HER2 blockade using pertuzumab and chemotherapy.

However, the predictive value of TILs with anti-HER2 therapy is controversial. In the FINHER
trial, HER2-positive breast cancer patients were randomly treated with trastuzumab for

nine weeks in addition to adjuvant chemotherapy [7]. In this study, a significant interaction
between TILs and trastuzumab related to the distant recurrence rate was observed,
suggesting that trastuzumab may be more beneficial in the presence of TILs. The NSABP-31
adjuvant trastuzumab trial reported similar results: high expression of TILs-associated genes
correlated with greater efficacy of trastuzumab. However, it did not confirm the correlations
between TILs and the beneficial effects of trastuzumab [12,13]. In addition, a retrospective
analysis of data from the N9831 trial showed discordant results, as the benefit of trastuzumab
was observed in non-lymphocyte predominant breast cancer (LPBC), but not in LPBCs [14].
Our study demonstrated a discordant association between pCR and TILs grade in HR-positive
tumors. Denkert et al. [15] also showed that an increase in TILs was an adverse prognostic
factor for the survival of HR-positive HER2-negative breast cancer patients, in contrast with
HER2-positive and triple-negative breast cancer patients, suggesting a different biology of
the immunological infiltrate in this subtype. Moreover, Svoronos et al. [16] reported that
estrogen signaling through ERa drives the mobilization of myeloid-derived suppressor cells
and enhances their intrinsic immunosuppressive activity. Thus, the HR status and TILs
interaction may explain these discordant results and require further validation.

In this study, HR status and the TILs were prognostic. Hence, as we move forward into an era
of adjuvant trastuzumab emtansine (T-DM1) [17], it is possible to distinguish the high-risk
subgroup of patients based on their HR status and TILs at baseline to optimize the current
adjuvant standard of T-DM1 and chemotherapy.

TILs have been associated with a response to pembrolizumab, an immune checkpoint inhibitor,
in metastatic TNBC [18]. It has also been suggested that mutational load, the number of
neoantigens, and the clonal and subclonal neoantigens are associated with the response to
immune checkpoint inhibitors [11,14,19]. T-cell population analysis by sequencing the T-cell
receptor repertoire may be predictive of anti-HER2 therapy response [20]. This information
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may provide a more comprehensive interpretation of our biological findings, especially to link
the benefits of HER2-targeted agents and immune checkpoint inhibitors.

Prognostic Value of Tumor-infiltrating Lymphocytes in Dual Anti-HER2 Neoadjuvant Therapy

Our study has several limitations. First, it was retrospective, and it was performed in a single
center. Second, we were unable to evaluate the relapse-free interval and survival because of
the short follow-up duration. Further follow-up studies are required to verify these results.
Lastly, all patients received dual anti-HER2 blockades; thus, we could not evaluate the
difference between the single and dual anti-HER2 blockades. Despite these limitations, our
study established correlations between HR status, baseline TILs counts, and pCR in patients
receiving a homogenous dual anti-HER2 neoadjuvant therapy in HER2 breast cancer. It is
likely that future strategies to escalate and de-escalate treatment with fewer chemotherapy
treatments and anti-HER2 drugs or facilitate shorter durations of treatment will depend on
integrated clinical and specific biomarkers.

In conclusion, we suggest that HR status and the TILs grade are significantly correlated with
pCR in dual anti-HER2 neoadjuvant therapy. Among the HR-negative patients, high TILs
grade in primary tumors served as a better predictor than those with low TILs grades in HR-
positive tumors. Evaluation of TILs at baseline may be beneficial for predicting patients who
will achieve pCR.

SUPPLEMENTARY MATERIAL

Supplementary Figure 1
ROC curve analysis for TILs cut-off levels.

Click here to view
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