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Abstract

Purpose The aim was to evaluate the role of tumor-infil-

trating lymphocytes (TIL) in predicting molecular response

after preoperative endocrine or cytotoxic treatment for

HR?/HER2- patients who do not achieve a pathological

complete response.

Methods Stromal (Str) TIL were centrally evaluated on

samples from diagnostic core-biopsies of HR?/HER2-

patients included in two prospective randomized trials: the

LETLOB trial (neoadjuvant endocrine-based treatment)

and the GIOB trial (neoadjuvant chemotherapy-based

treatment). Pre- and post-treatment Ki67 was centrally

assessed.

Results StrTIL were evaluable in 111 cases (n = 73 from

the LETLOB trial and n = 38 from the GIOB trial).

Median StrTIL was 2%. Patients with high StrTIL (StrTIL

C10%, n = 28) had more frequently breast cancer of

ductal histology (p = 0.02), high grade (p = 0.049), and

high Ki67 (p = 0.02). After neoadjuvant endocrine treat-

ment (LETLOB cohort), a significant Ki67 suppression

(p\ 0.01) from pre- to post-treatment was observed in
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both the low and high StrTIL groups. High StrTIL patients

achieve more frequently a relative Ki67 suppression C50%

from baseline as compared to low StrTIL patients (55 vs.

35%, p non significant). After neoadjuvant chemotherapy

(GIOB cohort), a significant Ki67 suppression was

observed only for low StrTIL patients (Wilcoxon

p = 0.001) and not in the high StrTIL group (p = 0.612).

In this cohort, the rate of patients achieving a relative Ki67

suppression C50% from baseline was significantly higher

in the high vs low StrTIL group (64 vs. 10%, p = 0.003).

Geometric mean Ki67 suppression was evaluated in each

cohort according to StrTIL: the lowest value (-41%) was

observed for high StrTIL cases treated with chemotherapy.

Conclusions This hypothesis-generating study suggests

that in HR?/HER2- breast cancer StrTIL at baseline may

influence the achievement of a molecular response after

neoadjuvant treatment. Further evaluation in large studies

is needed, and interaction with the type of treatment war-

rants to be explored.

Keywords Tumor-infiltrating lymphocytes �
Neoadjuvant � Chemotherapy � Endocrine therapy � Ki67

Background

Neoadjuvant chemotherapy is the standard treatment for

locally advanced and inflammatory breast cancer and is

being increasingly used for large operable primary tumors

in order to allow breast conserving surgery. For post-

menopausal hormone-receptor (HR)?/HER2- breast can-

cer patients, preoperative endocrine treatment with an

aromatase inhibitor is a valuable option. Indeed, compar-

ative studies reported similar outcomes in terms of

response rate for neoadjuvant chemotherapy vs endocrine

treatment. In a recent review, clinical responses for

neoadjuvant endocrine treatment vs chemotherapy ranged

from 48 to 89% and 64–85%, respectively [1].

Since the achievement of a pathological complete

response (pCR) after preoperative treatment has a favor-

able prognostic value, pCR has been proposed as a surro-

gate endpoint for long-term survival [2]. However, the rate

of pCR after neoadjuvant therapy for HR?/HER2- breast

cancer patients is low (around 10%), questioning its sur-

rogacy for this BC subtype [1, 3]. Molecular response as

assessed by Ki67% levels on residual disease after preop-

erative treatment has been reported to correlate with long-

term prognosis, most notably in HR? BC, either after

chemotherapy or endocrine therapy [4–6].

HR?/HER2- breast cancer is a heterogeneous disease

and such heterogeneity influences response to treatments.

Luminal B tumors, as defined by molecular intrinsic sub-

typing, are known to achieve higher rates of pCR after

neoadjuvant chemotherapy compared to Luminal A tumors

which, conversely, may be more sensitive to endocrine

treatment [7]. However, today there is a lack of finer

methods to discriminate luminal-like breast cancer patients

who would better benefit from one neoadjuvant approach

over another. Moreover, with the recent interest raised

around immuno oncology, it is becoming more evident that

the interface between tumor and immune cells is an

important actor. In their seminal paper, Denkert et al. have

shown that tumor-infiltrating lymphocytes (TIL) at base-

line predict the achievement of pCR after neoadjuvant

chemotherapy in breast cancer patients, including luminal-

like [8]. In addition, there is evidence suggesting that not

only chemotherapy but also endocrine treatments may

interact with the tumor-immune interplay. However, the

role of TIL has been underexplored so far for luminal

breast cancer [9].

In this paper, we aim to evaluate the role of TIL in

predicting molecular response after preoperative endocrine

and cytotoxic treatment for HR?/HER2- patients who

were included in two closed prospective trials.

Methods

Patients

The LETLOB trial is a double-blind, phase IIb study that

randomized 92 postmenopausal HR?/HER2-stage II-IIIA

breast cancer patients to receive neoadjuvant letrozole

(2.5 mg orally, daily) plus lapatinib (1500 mg orally, daily)

or letrozole plus placebo over a 28-days cycle for 6 cycles.

Primary endpoint was the objective response rate. Sec-

ondary aims included (among others): pCR, breast con-

serving surgery, safety and inhibition of proliferative

biomarkers. Further details and clinical results have been

published elsewhere [10]. Briefly, the study results showed

that the combination of letrozole-lapatinib is feasible and

resulted in similar overall clinical response rate and similar

effect on Ki67 compared to letrozole-placebo.

The phase II GIOB trial randomized 90 stage II-IIIA

early breast cancer patients to receive chemotherapy with

epirubicin 90 mg/m2 intravenous (iv) plus paclitaxel

175 mg/m2 iv on day 1 for 4 courses administered every

3 weeks plus: gefitinib 250 mg orally once daily from day

5 to day 16 of four 3-weekly cycles of chemotherapy (Arm

A, intermittent); or gefitinib 250 mg orally once daily from

days 1–21 for four 3-weekly cycles of chemotherapy (Arm

B, continuous); or placebo orally daily for four 3-weekly

cycles of chemotherapy (Arm C, control). The primary

end-point was to evaluate the inhibition induced by

chemotherapy plus gefitinib vs chemotherapy plus placebo

on the EGFR-dependent p42/44 MAPK from biopsy to
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surgery. Among secondary aims, the evaluation of Ki67

inhibition from biopsy to surgery was planned. Further

details and results have been previously published [11].

Briefly, the study showed that adding gefitinib to

chemotherapy did not result in different effects on the

EGFR-dependent pathway and proliferation. The two

schedules of gefitinib (intermittent vs. continuous) did not

result in different biologic effects.

For the purpose of the present analysis, the 92 and the 47

HR?/HER2- patients from the LETLOB and GIOB trials,

respectively, were considered (Fig. 1).

The trials were approved by the relevant ethics com-

mittees. All patients provided written informed consent

before study entry.

Pathology assessments

Formalin-fixed paraffin-embedded tumor samples from

both the diagnostic core-biopsy and the surgical sample

were centralized at the Division of Pathology of the

University Hospital of Modena.

Ki67 was centrally evaluated by immunohistochemistry

(IHC). The clone Ki-67-MIB-1 DAKO (Carpinteria, CA)

antibody was used. IHC staining was performed according to

the avidin–biotin method, using sections of 3 lm of thick-

ness. The % of immunostained tumor cells was recorded.

Stromal TIL (StrTIL) were centrally evaluated on

hematoxylin and eosin stained (HES) slides from diag-

nostic core biopsies following consensus guidelines [12].

Estrogen receptor (ER) and progesterone receptor (PgR)

were considered positive if IHC staining in C10% of tumor

cells, according to local assessment. HR positivity was

defined as ER and/or PgR C10%.

HER2 was considered negative if IHC staining of 0/1?

and/or FISH non-amplified. In the LETLOB trial, central

evaluation of HER2 was performed and all primary tumor

samples were centrally confirmed as HER2-negative. In the

GIOB trial, the HER2 status as assessed by local laboratory

was considered since no central review of HER2 status was

planned.

Statistical analysis

Statistical analysis was carried out using Statistical analysis

using SAS software version 9.3 (SAS Institute Inc., Cary,

N.C.) and R Statistical Software [13].

The Pearson’s v2 or Fisher Exact tests were used to

analyze categorical variables.

Non-parametric test was used to explore the distribution

of continuous variables according to baseline clinico-

pathological characteristics.

Ki67 individual changes were investigated with the

Wilcoxon rank signed test. Geometric mean Ki67 sup-

pression was defined as Ln(Ki67post) - Ln(Ki67pre).

Student’s t test was used to compare geometric mean Ki67

suppression between groups.

The threshold of 10% was used to categorize patients in

StrTILs-defined group. This cut-off is commonly used to

separate patients with low StrTILs from patients with

intermediate/high StrTILs [14] and corresponded in this

patients cohort to the threshold for the upper quartile.

Results

Patients baseline characteristics

Of the 92 and the 47 HR?/HER2- patients from the

LETLOB and GIOB trials, n = 111 were evaluable for

both StrTIL and Ki67 suppression: 73 patients from the

Fig. 1 Flow chart of patients included in the study
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LETLOB trial cohort and 38 patients from the GIOB trial

cohort (Fig. 1; evaluable and not evaluable patients were

similar according to main clinicopathological features as

shown in supplementary data, Online resource 1). Patients’

baseline characteristics are reported in Table 1. As shown,

there was no difference between the cohort of patients from

the LETLOB and the cohort from the GIOB trial with

regard to histotype, tumor size, grade, stage, baseline Ki67,

and baseline StrTIL. The two cohorts significantly differed

for age, with patients from the LETLOB trial being older

than patients from the GIOB trial (postmenopausal status

was mandatory for inclusion in the LETLOB study and not

for the GIOB study).

Median StrTIL level at baseline was 2% (Q1 0%; Q3

10%). We defined patients in the upper quartile (StrTIL

C10%, n = 28) as high StrTIL.

Patients’ characteristics according to low and high

StrTIL are also reported in Table 1. Almost all cases with

high StrTIL were of ductal histology, none of the cases of

lobular histology was classified as having high StrTIL. A

significant association between high StrTIL levels and

higher baseline Ki67 was observed: median Ki67 was 22.5

and 16% in the high StrTIL and low StrTIL groups,

respectively (p = 0.02). Moreover, tumors with high

StrTIL were more frequently G3 than G1-2 (63 vs. 40%;

p = 0.049). These associations are confirmed by the

analysis of the distribution of StrTILs as continuous vari-

able according to baseline clinicopathological, as reported

in supplementary data, Online resource 2.

Ki67 suppression according to StrTIL

We evaluated the Ki67 individual changes from pre-treat-

ment (diagnostic-core biopsy) to post-treatment (surgery)

according to baseline StrTIL levels separately in the two

cohort of patients treated with neoadjuvant chemotherapy-

based treatment (GIOB) and neoadjuvant endocrine-based

therapy (LETLOB). After chemotherapy ± gefitinib a

significant Ki67 suppression was observed in case of

baseline StrTIL\10% (p = 0.001). In the smaller group of

StrTIL C10%, a reduction was observed but did not reach

statistical significance (p = 0.612; Fig. 2A). As shown in

Fig. 2b, after endocrine therapy ± lapatinib a significant

Ki67 suppression was observed in both the low and the

high StrTIL groups (p\ 0.001 and p = 0.001,

respectively).

Figure 3 reports individual proportional Ki67 suppres-

sion from baseline in the two separate cohorts (GIOB and

LETLOB). Proportional Ki67 suppression was calculated

as (Ki67post-Ki67pre)/Ki67pre*100. There were no cases

of increase in Ki67 among the 18 Str-TIL patients in the

LETLOB cohort. The rate of patients showing a propor-

tional Ki67 relative suppression of at least 50% was

numerically higher in the high StrTIL group (10/18, 55%)

compared to the low StrTIL group (19/55, 35%). In the

GIOB cohort, there were 2 out of 10 high-StrTIL cases

showing an increase in Ki67. Only 1 of 10 high-StrTIL

cases showed a proportional Ki67 reduction by at least

50% from baseline, compared to 18/28 (64%) of low

Table 1 Patients’ baseline characteristics: overall, according to the trial cohort and to StrTIL levels

All n (%) GIOB cohort

(CT ± gef) n (%)

LETLOB cohort

(let ± lap) n (%)

p Str TIL C10%

n (%)

Str TIL\10%

n (%)

p

Tot, n 111 38 73 – 28 83 –

Age median [range] 63 [31–89] 50.6 [31–68] 70.5 [48–89] \0.001 60.6 [31–76] 65.3 [35–89] 0.06

Histotype

Ductal 80 (81) 23 (85) 57 (79) 1 26 (96) 54 (75) 0.02

Lobular 13 (13) 3 (11) 10 (14) 0 13 (18)

Other 6 (6) 1 (4) 5 (7) 1 (4) 5 (7)

Missing 12 11 1 1 11

Grade

1–2 42 (47) 16 (43.2) 26 (50.0) 0.53 10 (37) 37 (60) 0.049

3 47 (53) 21 (56.8) 26 (50.0) 17 (63) 25 (40)

Missing 22 1 21 1 21

Stage

II 97 (88) 30 (81) 67 (92) 0.12 24 (86) 73 (89) 0.73

III 13 (12) 7 (19) 6 (8) 4 (14) 9 (11)

Missing 1 1 0 0 1

Ki67 baseline median [range] 18 [3–80] 20 [3–80] 17 [3–60] 0.46 22.5 [3–80] 16 [3–80] 0.02

Str TIL median [range] 2 [0–100] 2 [0–70] 2 [0–100] 0.71 – – –

Abbreviations: n number, CT chemotherapy, gef gefitinib, let letrozole, lap lapatinib, StrTIL stromal TIL, p p value
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StrTIL cases (p = 0.003). The correlation between StrTIL

as continuous variable and proportional Ki67 suppression

was also explored and reported as supplementary data

(Online resource 3). The two variables showed opposite

correlations in the LETLOB (Spearman’s coefficient

-0.10) and GIOB (Spearman’s coefficient ?0.21) patients

cohorts.

The geometric mean Ki67 suppression according to

StrTIL in each patients cohort is reported in Fig. 4. The

t test comparing the two StrTIL groups was not significant

in each trial cohort. However, chemotherapy-treated

StrTIL low cases and endocrine-treated StrTIL high cases

achieve the highest mean Ki67 suppression (-82 and

-81%, respectively). The lowest geometric mean Ki67

Fig. 2 Individual Ki67% changes from pre-treatment to post-treatment according to baseline StrTIL. Data from GIOB (a) and LETLOB (b) trial
cohorts are presented

Fig. 3 Waterfall plot showing relative Ki67% suppression in the GIOB and LETLOB trial cohorts. Relative Ki67 suppression is calculated as

(post-treatment Ki67%—pre-treatment Ki67%)/pre-treatment Ki67%. High StrTIL cases in purple and low StrTIL cases in blue

Breast Cancer Res Treat (2017) 163:295–302 299
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suppression (-41%) was observed for StrTIL high cases

treated with chemotherapy.

Discussion

This analysis raises the hypothesis that in HR?/HER2-

breast cancer the level of StrTIL at baseline may have

some influence on the achievement of a molecular response

after neoadjuvant treatment, which may differ according to

the type of administered therapy (chemotherapy or endo-

crine treatment). More in detail, high StrTIL tumors were

less likely to achieve a molecular response in patients

treated with neoadjuvant chemotherapy with residual

invasive disease in the breast. To the other hand, high

StrTIL levels did not jeopardize molecular response after

endocrine treatment: high StrTIL tumors were even

numerically more likely to achieve higher Ki67 suppres-

sion than low StrTIL.

Luminal-like breast cancer has generally not been con-

sidered a highly immunogenic tumor. Indeed, HR?/

HER2- tumors are generally less infiltrated by lympho-

cytes as compared to other subtypes. The low StrTIL levels

reported in this work are consistent with previous studies

[15, 16]. Although evidence on the prognostic role of TIL

has been mainly limited to HR- disease, published data for

HR?/HER2- BC suggest no association between TIL and

survival in this subgroup [15, 16]. However, it is likely that

the role of immunity in HR?/HER2- has been so far

underestimated and underexplored. Indeed, despite gener-

ally low levels of TIL, heterogeneity has been described,

with a few cases presenting massive lymphocyte infiltra-

tion, as in our study [17]. ER signaling and endocrine

therapies may contribute to modulate the tumor-immune/

inflammation milieu with indirect and direct effects on

tumor and immune cells [9]. Therefore, the clinical impact

of immune related biomarkers in HR?/HER2- BC

patients is an area that deserves to be further investigated.

In this context, the neoadjuvant setting offers the unique

opportunity to test the correlation between biomarkers and

response to treatments for primary breast cancer.

With regard to neoadjuvant chemotherapy, previous

data indicate that patients with a high level of TIL present

higher chance of obtaining a pCR even in case of HR?/

HER2- breast [8, 18]. Recently, results from a large series

of patients treated with neoadjuvant chemotherapy in the

context of prospective trials have been presented. In the

HR?/HER2- group (n = 1366), high TIL at baseline not

only correlated with a higher chance of pCR, confirming

previous results, but were also counterintuitively associated

with a worse long-term prognosis in patients with less than

pCR [14]. Various explanations may be proposed. Among

those, the results of our exploratory study showing that,

among HR?/HER2- patients with residual disease after

neoadjuvant chemotherapy, those with higher levels of TIL

at baseline achieve poorer molecular response may repre-

sent one hypothesis to be further tested.

Concerning neoadjuvant endocrine therapy, an analysis

conducted on a cohort of 79 HR? (any HER2) post-

menopausal patients treated with anastrozole ± gefitinib

reported that cases with detectable lymphocytic infiltration

at baseline appeared to have a poorer antiproliferative

response at 2 weeks [19], in contrast to our findings.

However, differences in patients population (HER2? pa-

tients were included in the analysis by Dunbier et al.),

methods of TIL assessment, and timing of Ki67 evaluation

may in part explain heterogeneity of the results.

In our study, a significant Ki67 suppression was

described irrespectively of StrTIL levels in patients treated

with neoadjuvant letrozole. In contrast with other findings,

high StrTIL level at baseline did not prevent the achieve-

ment of a molecular response. The presence of high levels

of TIL may indicate an immune activated tumor but not

necessarily an efficient anti-tumor response. In this context,

aromatase inhibitors might contribute to switch the tumor-

immune microenvironment towards an anti-tumor function

through FOXP3? depletion, as previously described [20].

The final effect on tumor cells might become evident later

than few weeks from the start of treatment.

This study has limitations. First, the sample size is small

and results can only be considered as hypothesis-generat-

ing. Furthermore, the two trial populations differ according

to age and menopausal status; therefore, results from single

cohorts should not be generalized or directly compared. It

Fig. 4 Geometric mean Ki67 suppression according to StrTIL in the

GIOB and LETLOB trial cohorts
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is still unknown whether and to which extent menopausal

status influences the tumor-immune microenvironment.

Another limitation is that some of the patients also received

lapatinib or gefitinib in addition to endocrine therapy or

chemotherapy, respectively. However, no interference with

the evaluation of Ki67 suppression was expected, as neither

lapatinib nor gefitinib modified Ki67 suppression in the

original studies [10, 11].

Despite these limitations, this study is based on prospec-

tively collected data from two randomized clinical trials, in

which Ki67 evaluation was preplanned and centralized.

StrTIL evaluation was also centralized for both studies.

In conclusion, this paper represents the first evidence

evaluating, for HR?/HER2- breast cancer, the effect of

neoadjuvant chemotherapy and endocrine therapy on

molecular response after treatment completion in relation

with baseline TIL levels. The results highlight the need to

further explore the correlation between immune aspects

and HR?/HER2- breast cancer, and suggest that treat-

ment-related factors should not be overlooked in such

studies.
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