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Abstract The purpose of the present study was to deter-
mine the optimal threshold for stromal tumor-infiltrating
lymphocytes (TILs) and investigate its predictive and
prognostic value in HER2-positive breast cancer treated with
trastuzumab-based neoadjuvant chemotherapy (NAC).
Levels of stromal TILs were evaluated using hematoxylin
and eosin-stained sections of core biopsies from 116 patients.
We investigated the correlation between stromal TILs and
pathological response to identify its optimal threshold. Using
receiver operating characteristic curve analysis, a 30 %
threshold best discriminated pathological complete response
(pCR) from non-pCR subgroups (P < 0.001). Lymphocyte-
rich breast cancer (LRBC) was defined as having >30 %
stromal TILs level, and was used for analysis. For analyses of
predictive factors, multivariate analysis indicated that LRBC
was a strong predictor of pCR with an odds ratio of 5.23
(P < 0.001). Negative hormone receptor (HR) status was
also significantly associated with pCR (P = 0.028). LRBC
significantly predicted pCR in both HR-positive and HR-
negative tumors (P = 0.016 and 0.006, respectively). For
survival analyses, LRBC was the only independent predictor
of improved event-free survival (EFS) among baseline
clinicopathological factors in multivariate analysis
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(P = 0.012). When pathological response was included,
both LRBC and pCR were independent predictors of better
EFS (P = 0.040 and 0.045, respectively). LRBC signifi-
cantly predicted longer EFS in the non-pCR subgroup
(P = 0.018), whereas LRBC was not significantly associ-
ated with EFS in the pCR subgroup (P = 0.825). A 30 %
threshold for stromal TILs optimally identified response to
trastuzumab-based NAC in HER2-positive breast cancer; its
predictive and prognostic value was also validated in our
study.

Keywords Breast cancer - HER2 - Neoadjuvant
chemotherapy - Tumor-infiltrating lymphocytes -
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Introduction

Human epidermal growth factor receptor 2 (HER2)-posi-
tive breast cancer, which accounts for 15-25 % of primary
breast cancers [1, 2], represents a special subtype with
worse prognosis and poor response to conventional
chemotherapy alone [2]. Adjuvant chemotherapy plus
trastuzumab, a recombinant humanized monoclonal anti-
body that targets HER2, improves clinical outcomes of
patients with HER2-positive disease [3]. In the neoadjuvant
setting, randomized trials have shown that the addition of
trastuzumab to neoadjuvant chemotherapy (NAC) signifi-
cantly increases pathological complete response (pCR)
rates compared with chemotherapy alone [4, 5], and long-
term survival benefit is related to pCR [6, 7].
Tumor-infiltrating lymphocytes (TILs) have shown
predictive significance for pCR and prognostic effect for
survival in HER2-positive disease [§—11]. Previous inves-
tigations initially assessed intratumoral and stromal
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lymphocytes separately, and methodologies used for eval-
uating TILs were different among studies. Neoadjuvant
studies using immunohistochemistry (IHC) have found that
the expression level of intratumoral TILs is typically low
and paralleled with that of stromal TILs, the latter of which
is a superior and more reproducible parameter [8, 9]. Two
researches focused on stromal lymphocytes and suggested
the predictive value of stromal TILs in predicting pCR [11,
12]. An international TILs working group recently rec-
ommended assessing stromal TILs as the principal
parameter and specified a standardized methodology using
hematoxylin and eosin (H&E)-stained sections [13].

A recent TILs study in the NeoALTTO trial reported
that pCR rate was non-linearly associated with the level of
stromal TILs and its optimal threshold for discriminating
response to therapy was unclear [11]. Previous investiga-
tions assessed stromal TILs by calculating the percentage
of stromal area occupied by TILs, and a threshold of 50 or
60 % was chosen to describe a phenotype with high level
of stromal TILs (stromal TILs level >50-60 %) [8-10, 14,
15]. Although a general positive role for this phenotype in
predicting chemotherapy response has been reported, these
thresholds were originally arbitrary for discussions and the
validity of such thresholds is uncertain as such phenotype
has been reported to comprise only 5.4 % of all breast
cancers [14], with a frequency of 11.1-19.9 % in HER2-
positive disease [8, 9, 14]. At present, the optimal threshold
for stromal TILs remains unknown.

This study evaluated stromal TILs according to recent
recommendations and explored its optimal threshold for
discriminating response to trastuzumab-based NAC in
HER2-positive disease. We studied the potential value of
this optimal threshold in predicting pCR together with
baseline clinicopathological factors including patient’s age,
clinical tumor size, clinical nodal status, histological grade,
Ki67 score, and hormone receptor (HR) status. We then
investigated patients’ survival after treatment to analyze
the prognostic value of this optimal threshold.

Materials and methods
Patients

The inclusion criteria of this retrospective study were
female sex, age 18-70 years, histologically confirmed
HER?2-positive invasive breast cancer diagnosed in Peking
University First Hospital Breast Disease Center between
November 2008 and May 2014, no distant metastasis,
treated with at least four cycles of trastuzumab-based NAC,
and received surgical therapy with postoperative evaluation
of pathological response. Data of the following parameters
had to be available from the pretreatment assessment:
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patient’s age, clinical tumor size, clinical nodal status,
tumor histology, histological grade, Ki67 score, estrogen
receptor (ER) status, progesterone receptor (PgR) status,
and HER?2 status. The institutional review board approved
this study.

Pathological assessment

Pathological parameters evaluated in this study included
tumor histology, histological grade, Ki67, ER, PgR, HER2,
and stromal TILs. All these parameters except stromal TILs
have been routinely recorded at the breast center, and
pathological information used in the analyses was directly
collected from the original pathology reports. The forma-
lin-fixed, paraffin-embedded (FFPE) core biopsies were cut
into 4-um-thick sections for IHC using the following
antibodies: ER (clone 1D5, Dako), PgR (clone 16SAN27,
Novocastra), HER2 (clone 4B5, Ventana), and Ki67 (clone
MIB-1, Dako). ER and PgR were judged as positive if
>1 % of tumor cells showed nuclear staining. Positive HR
status was defined as positive for ER and/or PgR, while
negative HR status was defined as negative for ER and
PgR. HER2-positive status was defined as 3+ score by IHC
or HER2 amplification by fluorescent in situ hybridization.
The Ki67 score was determined as the percentage of
nuclear stained cells among at least 1000 tumor cells
counted by pathologists. Histological grade was assigned
according to the Scarff-Bloom—Richardson classification
modified by Elston and Ellis. A pCR was defined as the
absence of residual invasive tumor cells in the breast and
axillary lymph nodes (ypTO/is 4+ ypNO).

Stromal TILs evaluation

The methodology used in this study was based on H&E
sections of core biopsies in accordance with recent rec-
ommendations [13]. The area for TILs evaluation was
defined as within the borders of the invasive tumors, and
immune infiltrates in adjacent normal tissue or ductal
carcinoma in situ were not included (Fig. la, b). TILs in
tumor zones with crush artifacts, necrosis, or regressive
hyalinization were excluded. In the area within tumor
borders, pathologists focused on the tumor stroma and only
TILs in stromal tissue were assessed (Fig. 1b, c). All
stromal mononuclear cells (including lymphocytes and
plasma cells) that did not directly contact carcinoma cells
were scored as stromal TILs (Fig. 1c, d). Then, the level of
stromal TILs was reported as the percentage of stromal
area that contains stromal TILs (stromal area occupied by
mononuclear cells over total stromal area). For heteroge-
neous tumors, pathologists evaluated different regions and
reported the average percentages. All H&E sections of
FFPE core biopsies were collected for assessment. Two
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Fig. 1 Area within tumor
borders of a core biopsy was a
marked in (a, b) with red line.
Stromal TILs evaluation area
was marked in (b, ¢) with black
line and black arrow points to
stromal mononuclear cells in
(c, d). Representative images of
different stromal TILs levels:
e5 %, f30 %, g 50 %, and

h 80 %. Original magnification:
a25x,b,c100x, d 400x,
e-h 200x TILs tumor-
infiltrating lymphocytes

pathologists, blinded to clinical outcomes, evaluated stro-
mal TILs independently with the mean value of two
assessments used for analyses. The Spearman correlation
coefficient between the two pathologists was 0.89
(P < 0.001). Representative images of different stromal
TILs levels are shown in Fig. le-h.

Statistical analysis

Statistical analyses were performed using SPSS version
14.0 (SPSS Inc., Chicago, IL, USA). The Spearman cor-
relation test was conducted to compare evaluation results
between two pathologists. Thresholds for stromal TILs
levels and Ki67 scores that best discriminated response to

treatment (pCR vs. non-pCR) were determined using
receiver operating characteristic (ROC) curve analysis, in
which the sensitivity was plotted as a function of 1-speci-
ficity. We obtained the optimal threshold by calculating

and seeking the maximum  Youden’s Index
(J = sensitivity + specificity — 1).

The Chi-square test or Fisher’s exact test was used for
comparisons of categorical variables, and Mann—Whitney
U test was used for comparisons of continuous variables.
For analyses of the associations between clinicopatholog-
ical factors and pCR, univariate and multivariate logistic
regression analyses were performed to estimate odds ratios
(ORs) and 95 % confidence intervals (CIs). For survival

analyses, the endpoint was event-free survival (EFS) as
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defined by the interval from diagnosis to locoregional
recurrence, distant metastasis, or death from any cause.
Univariate and multivariate Cox proportional hazards
regression analyses were performed to estimate hazard
ratios and 95 % ClIs. Variables that were significant in
univariate analysis were entered into multivariate analysis.
The Kaplan—Meier curves were estimated and the log-rank
test was applied for comparisons of survival curves. All
P values were two-sided and statistical significance was
defined as P < 0.05.

Results
Patient characteristics

A total of 116 consecutive patients were included. Baseline
characteristics and treatment of the entire population are
summarized in Table 1. Median age was 53 years (range
23-70). Most tumors were in clinical stage T2 (60.3 %)
and 57.8 % of patients were clinically node positive. His-
tologically, 96.6 % of tumors were ductal and most
patients had grade 3 tumors (57.8 %). HR status was
negative in 44.0 % of tumors. Median Ki67 score was
50 % (range 3-90 %) and median stromal TILs level was
17.5 % (range 0-87.5 %).

Regarding treatment, all patients received at least four
cycles of trastuzumab-based NAC and trastuzumab was
administered concurrently with taxane. Most patients
(93.1 %) received taxane- and carboplatin-containing
chemotherapy. 50.9 % of patients underwent modified
radical mastectomy (mastectomy plus axillary lymph node
dissection) with radiation therapy. Breast-conserving sur-
gery was performed in 13.8 % of patients and all of them
received radiation therapy. Adjuvant trastuzumab therapy
was administered to 86.2 % of patients, and adjuvant
hormonal therapy was performed in 96.9 % of HR-positive
patients. As for clinical outcomes, 42 patients (36.2 %)
achieved pCR (ypT0/is 4+ ypNO). Over a median follow-up
of 33 months (range 12-80), 25 patients (21.6 %) had local
recurrence or distant metastasis.

Threshold for stromal TILs levels

Distribution of stromal TILs levels in the entire population,
non-pCR and pCR subgroups, is shown in Fig. 2a. The
median level of stromal TILs was 17.5 % (interquartile
range, 7.5-35.0 %) in the entire population, 12.5 % (in-
terquartile range, 5.0-25.0 %) in the non-pCR subgroup,
and 30.0 % (interquartile range, 15.0-51.3 %) in the pCR
subgroup, respectively. The stromal TILs level was sig-
nificantly higher in the pCR subgroup compared with the
non-pCR subgroup (Mann—Whitney U test, P < 0.001).
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Table 1 Patient characteristics and treatment

Characteristic No. (n = 116) %
Age (years)

Median (range) 53 (23-70)

<50 46 (39.7)

>50 70 (60.3)
Clinical tumor size®

Tl 15 (12.9)

T2 70 (60.3)

T3 23 (19.8)

T4 8 (6.9)
Clinical nodal status®

NO 49 (42.2)

N1 46 (39.7)

N2 15 (12.9)

N3 6 (5.2)
Histology

Ductal 112 (96.6)

Other 4 (3.4
Histological grade

1 4 (3.4

2 45 (38.8)

3 67 (57.8)
Ki67 score (%)°

Median (range) 50 (3-90)

<40 35 (30.2)

>40 81 (69.8)
HR status

Positive 65 (56.0)

Negative 51 (44.0)
Stromal TILs level (%)°

Median (range) 17.5 (0-87.5)

<30 80 (69.0)

>30 36 (31.0)
NAC regimen

Taxane and carboplatin 108 (93.1)

Anthracycline/taxane-based 8 (6.9)
Local therapy

Mastectomy + ALND + RT 59 (50.9)

Mastectomy + ALND 15 (12.9)

Mastectomy + SLNB + RT 3 (2.6)

Mastectomy + SLNB 23 (19.8)

BCS + ALND + RT 8 6.9)

BCS + SLNB + RT 8 (6.9)
Pathological response

pCR (ypTO0/is + ypNO) 42 (36.2)

Non-pCR 74 (63.8)
Adjuvant trastuzumab therapy

Yes 100 (86.2)

No 16 (13.8)
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Table 1 continued

Characteristic No. (n = 116) %
Adjuvant hormonal therapy
Yes 63 (54.3)
No 51 (44.0)
Unknown 2 (1.7)
Adjuvant chemotherapy
Yes 10 (8.6)
No 106 91.4)

* According to the 7th edition of American Joint Committee on
Cancer TNM staging system

® 40 % threshold for Ki67 scores best discriminated pCR from non-
pCR subgroups using ROC curve analysis

€ 30 % threshold for stromal TILs levels best discriminated pCR
from non-pCR subgroups using ROC curve analysis

HR hormone receptor, TILs tumor-infiltrating lymphocytes, NAC
neoadjuvant chemotherapy, ALND axillary lymph node dissection, RT
radiation therapy, SLNB sentinel lymph node biopsy, BCS breast-
conserving surgery, pCR pathological complete response

The pCR rate increased non-linearly with elevated level of
stromal TILs, with dramatic changes of 22.7 and 24.7 %
around first and third quartiles versus a relatively slight
change of 6.2 % around second quartile (Fig. 3).

ROC curve analysis was performed to determine the
threshold of stromal TILs levels that best discriminated
pathological response (Fig. 4a). The area under the curve
was 0.725 (95 % CI, 0.629-0.821; P < 0.001) and a
threshold of 30 % best discriminated the pCR and non-pCR
subgroups. The sensitivity, specificity, positive predictive
value (PPV), negative predictive value (NPV), accuracy,
and Youden’s Index of the 30 % threshold were 54.8, 82.4,
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Fig. 2 Distribution of a stromal TILs levels and b Ki67 scores in the
entire population, non-pCR and pCR subgroups (red line indicates the
quartiles). TILs tumor-infiltrating lymphocytes, pCR pathological
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Fig. 3 Pathological complete response rates according to stromal
TILs levels binned by quartile. 7/Ls tumor-infiltrating lymphocytes,
PCR pathological complete response

63.9, 76.3, 72.4 %, and 0.372, respectively. For statistical
analysis, we defined the tumor with >30 % of stromal TILs
level as lymphocyte-rich breast cancer (LRBC), and the
entire population was divided into subgroups of LRBC and
non-LRBC. LRBC comprised 31.0 % of the entire popu-
lation, with frequencies of 54.8 % and 17.6 % in the pCR
and non-pCR subgroups, respectively (P < 0.001).

Threshold for Ki67 scores

Distribution of Ki67 scores in the entire population, non-
pCR and pCR subgroups, is shown in Fig. 2b. The median
score of Ki67 was 50.0% (interquartile range,
35.0-70.0 %) in the entire population, 50.0 % (interquar-
tile range, 33.8-70.0 %) in the non-pCR subgroup, and

b 100
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Overall Non-pCR pCR
n 116 74 42
Min 3 3 10
Q1 35 33.8 38.8
Q2 50 50 50
Q3 70 70 70
Max 90 90 90

complete response, Min minimum, Q quartile, Max maximum
*Mann—Whitney U test
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Fig. 4 ROC curve analysis for a stromal TILs level and b Ki67 score (red dot indicates the optimal thresholds). AUC area under the curve

50.0 % (interquartile range, 38.8-70.0 %) in the pCR
subgroup. There was no significant difference in the dis-
tribution of Ki67 scores between the pCR and non-pCR
subgroups (Mann—Whitney U test, P = 0.484). We also
performed ROC curve analysis to identify the threshold of
Ki67 scores that best discriminated response to treatment
(Fig. 4b). The area under the curve was 0.539 (95 % CI,
0.429-0.649; P = 0.487) and a threshold of 40 % best
discriminated the pCR and non-pCR subgroups. The sen-
sitivity, specificity, PPV, NPV, accuracy, and Youden’s
Index of the 40 % threshold were 76.2, 33.8, 39.5, 71.4,
49.1 %, and 0.100, respectively. High score of Ki67 was
defined as Ki67 > 40 %. The percent of patients that
showed high score of Ki67 was 69.8 %, with frequencies of
76.2 and 66.2 % in the pCR and non-pCR subgroups,
respectively (P = 0.261).

Comparison with thresholds in previous studies
for stromal TILs levels

We compared the 30 % threshold with previous thresholds
(50 or 60 %) based on the data from our study. As shown in
Table 2, 31.0 % of tumors had a level of stromal TILs
>30 %, compared with 15.5 % for stromal TILs level
>50 % and 8.6 % for stromal TILs level >60 %. The
sensitivity, specificity, PPV, NPV, accuracy, and Youden’s
Index of the 30 % threshold were 54.8 %, 82.4, 63.9, 76.3,
72.4 %, and 0.372, respectively. 50 % threshold showed a
sensitivity of 26.2 %, a specificity of 90.5 %, a PPV of
61.1 %, a NPV of 68.4 %, an accuracy of 67.2 %, and a
Youden’s Index of 0.167. The sensitivity of 60 % threshold
was 14.3 %, with a specificity of 94.6 %, a PPV of 60.0 %,
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a NPV of 66.0 %, an accuracy of 65.5 %, and a Youden’s
Index of 0.089.

Predictive value of LRBC

Logistic regression analyses were performed to investigate
the predictive value of LRBC along with baseline clini-
copathological factors including patient’s age, clinical
tumor size, clinical nodal status, histological grade, Ki67
score, and HR status (Table 3). Clinical tumor size (T1-2
vs. T3-4; OR, 3.06; 95 % CI, 1.14-8.23; P = 0.027),
clinical nodal status (NO vs. N1-3; OR, 2.24; 95 % (I,
1.03-4.84; P = 0.041), histological grade (3 vs. 1-2; OR,
2.50; 95 % CI, 1.11-5.62; P = 0.027), HR status (negative
vs. positive; OR, 3.19; 95 % CI, 1.45-7.00; P = 0.004),
and stromal TILs level (LRBC vs. non-LRBC; OR, 5.68;
95 % CI, 2.42-13.33; P < 0.001) were significantly asso-
ciated with pCR in univariate analysis. Multivariate anal-
ysis indicated that LRBC and negative HR status were
independent predictors of pCR, and LRBC was a markedly
powerful predictor, with an OR of 5.23 (95 % CI,
2.08-13.13; P < 0.001). Negative HR status had an OR of
2.68 (95 % CI, 1.11-6.47; P = 0.028).

LRBC tumors had a pCR rate of 63.9 %, whereas the
pCR rate of non-LRBC tumors was 23.8 % (P < 0.001;
Fig. 5a). HR-negative tumors had a pCR rate of 51.0 %,
compared with 24.6 % for HR-positive tumors (P = 0.003;
Fig. 5a). We then investigated the pCR rates of tumors
using the combination of HR status and stromal TILs
phenotypes. Results indicated that the entire population
could be classified into several subgroups that had
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Table 2 Comparison with thresholds in previous studies for stromal TILs levels

Threshold (%) No. of patients (%) Sensitivity (%) Specificity (%) PPV (%)* NPV (%) Accuracy (%) Youden’s Index
30 31.0 54.8 82.4 63.9 76.3 724 0.372
50 15.5 26.2 90.5 61.1 68.4 67.2 0.167
60 8.6 14.3 94.6 60.0 66.0 65.5 0.089
? PPV = pCR rate
TILs  tumor-infiltrating  lymphocytes, = PPV  positive  predictive  value, NPV  negative predictive value, Youden’s
Index = sensitivity + specificity — 1
Table 3 Univariate and multivariate analyses of baseline clinicopathological factors in predicting pCR
Factor Univariate analysis Multivariate analysis

OR 95 % CI P value OR 95 % CI P value
Age, years (<50 vs. >50) 1.23 0.57-2.66 0.596
Clinical tumor size (T1-2 vs. T3-4) 3.06 1.14-8.23 0.027%* 2.51 0.82-7.65 0.106
Clinical nodal status (NO vs. N1-3) 2.24 1.03-4.84 0.041%* 1.75 0.72-4.27 0.216
Histological grade (3 vs. 1-2) 2.50 1.11-5.62 0.027* 1.93 0.77-4.87 0.163
Ki67 score (high vs. low)* 1.63 0.69-3.85 0.263
HR status (negative vs. positive) 3.19 1.45-7.00 0.004* 2.68 1.11-6.47 0.028"
Stromal TILs level (LRBC vs. non-LRBC)" 5.68 2.42-13.33 <0.001* 5.23 2.08-13.13 <0.001"

* The P value is significant
* High score is defined as Ki67 score >40 %
® LRBC is defined as stromal TILs level >30 %

PpCR pathological complete response, HR hormone receptor, T/Ls tumor-infiltrating lymphocytes, LRBC lymphocyte-rich breast cancer, OR odds

radio, CI confidence interval

HR status
70 Il Stromal TiLs phenotypes 639

60 51.0

50

40 P=0.003 P<0.001

30 246 238

PCR rate (%)

20
10

HR-positive HR-negative Non-LRBC LRBC
n 65 51 80 36

Fig. 5 Pathological complete response rates of tumors with LRBC
phenotype versus non-LRBC phenotype in the a, black box entire
population, b HR-positive and HR-negative subgroups. a, gray box
pCR rates of tumors with negative HR status versus positive HR

extremely different pCR rates. 42.2 % of tumors were HR-
positive/non-LRBC, 13.8 % of tumors were HR-positive/
LRBC, 26.7 % of tumors were HR-negative/non-LRBC,
and 17.2 % of tumors were HR-negative/LRBC (Fig. 5b).

b 8o Non-LRBC 750
70| "N LRBC
60 P=0.006
50.0
g 50
[] 355
s 40 P=0016*
o
%‘ 30
20 163
10
0 " -
HR-positive HR-negative
n 49 16 31 20

status in the entire population. HR hormone receptor, TILs tumor-
infiltrating lymphocytes, pCR pathological complete response, LRBC
lymphocyte-rich breast cancer ~Fisher’s exact test

In the HR-positive subgroup, LRBC tumors had a pCR rate
of 50.0 %, compared with 16.3 % for non-LRBC tumors
(Fisher’s exact test, P = 0.016) (Fig. 5b). In the HR-neg-
ative subgroup, LRBC tumors had a pCR rate of 75.0 %,
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while the pCR rate of non-LRBC tumors was 35.5 %
(P = 0.006) (Fig. 5b).

Prognostic value of LRBC

We performed Cox proportional hazards regression anal-
yses to investigate the prognostic value of LRBC along
with Dbaseline clinicopathological factors including
patient’s age, clinical tumor size, clinical nodal status,
histological grade, Ki67 score, and HR status (Table 4).
Clinical tumor size (T1-2 vs. T3-4; hazard ratio, 0.45;
95 % (I, 0.20-0.99; P = 0.047), clinical nodal status (NO
vs. N1-3; hazard ratio, 0.39; 95 % CI, 0.15-0.97;
P = 0.042), and stromal TILs Ievel (LRBC vs. non-LRBC;
hazard ratio, 0.13; 95 % CI, 0.03-0.57; P = 0.007) were
significantly associated with EFS in univariate analysis.
Multivariate analysis indicated that LRBC (hazard ratio,
0.15; 95 % CI, 0.04-0.67; P = 0.012) was the only inde-
pendent predictor of improved EFS. When pathological
response was included in the multivariate analysis, LRBC
(hazard ratio, 0.21; 95 % CI, 0.05-0.93; P = 0.040) and
pCR (hazard ratio, 0.22; 95 % CI, 0.05-0.97; P = 0.045)
were both independent predictors of better EFS (Table 4).

Patients with LRBC tumors had longer EFS compared
with those with non-LRBC tumors (log-rank test,
P = 0.002) (Fig. 6a). EFS was better among patients with
pCR than among those with non-pCR (log-rank test,
P =0.001) (Fig. 6d). In the pCR subgroup, EFS was
similar between patients with LRBC and non-LRBC
tumors (log-rank test, P = 0.825) (Fig. 6b). In the non-
pCR subgroup, patients with LRBC tumors had improved
EFS compared with those with non-LRBC tumors (log-
rank test, P = 0.018) (Fig. 6¢).

Discussion

Determining optimal threshold for stromal TILs may have
preclinical and clinical significance since the relationship
of pCR rate with stromal TILs level has been found to be
non-linear. Previous thresholds for defining high immune
infiltrate seem to be unreasonable as such a phenotype has
been found to be infrequent. Additionally, these thresholds
were determined arbitrarily without consideration of diag-
nosis accuracy. Therefore, we performed ROC curve
analysis and results indicated that a 30 % threshold best

Table 4 Univariate and multivariate analyses of clinicopathological factors in predicting EFS

Factor Univariate analysis Multivariate analysis
Hazard ratio 95 % CI P value Hazard ratio 95 % CI P value

a. Analyses without pathological response

Age, years (< 50 vs. > 50) 0.79 0.35-1.79 0.575

Clinical tumor size (T1-2 vs. T3-4) 0.45 0.20-0.99 0.047* 0.62 0.27-1.41 0.252

Clinical nodal status (NO vs. N1-3) 0.39 0.15-0.97 0.042%* 0.50 0.19-1.32 0.162

Histological grade (3 vs. 1-2) 1.34 0.59-3.04 0.482

Ki67 score (high vs. low)* 1.24 0.49-3.10 0.652

HR status (negative vs. positive) 1.11 0.50-2.44 0.799

Stromal TILs level (LRBC vs. non-LRBC)" 0.13 0.03-0.57 0.007* 0.15 0.04-0.67 0.012*
b. Analyses including pathological response

Age, years (< 50 vs. > 50) 0.79 0.35-1.79 0.575

Clinical tumor size (T1-2 vs. T3-4) 0.45 0.20-0.99 0.047* 0.79 0.34-1.82 0.577

Clinical nodal status (NO vs. N1-3) 0.39 0.15-0.97 0.042%* 0.58 0.22-1.52 0.268

Histological grade (3 vs. 1-2) 1.34 0.59-3.04 0.482

Ki67 score (high vs. low)” 1.24 0.49-3.10 0.652

HR status (negative vs. positive) 1.11 0.50-2.44 0.799

Stromal TILs level (LRBC vs. non-LRBC)® 0.13 0.03-0.57 0.007* 0.21 0.05-0.93 0.040*

Pathological response (pCR vs. non-pCR) 0.12 0.03-0.52 0.004* 0.22 0.05-0.97 0.045*

* The P value is significant
* High score is defined as Ki67 score >40 %
® LRBC is defined as stromal TILs level >30 %

EFS event-free survival, HR hormone receptor, TILs tumor-infiltrating lymphocytes, LRBC lymphocyte-rich breast cancer, pCR pathological

complete response, CI confidence interval
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Fig. 6 EFS curves of patients with LRBC tumors versus non-LRBC tumors in the a entire population, b pCR subgroup, and ¢ non-pCR
subgroup. d EFS curves of patients with pCR versus non-pCR in the entire population

discriminated pCR from non-pCR subgroups. We also
compared this threshold with previous thresholds. The
Youden’s Index was at its maximum and the accuracy for
identifying pathological response was highest when the
threshold was determined as 30 %. The pCR rate (= PPV)
of tumors with the LRBC phenotype was slightly higher
than that with stromal TILs level >50 or 60 %. More
importantly, the 30 % threshold may be more valid as more
patients (31.0 %) had tumors with the LRBC phenotype,
whereas 15.5 % of tumors showed stromal TILs level
>50 %, which was consistent with an earlier TILs study
[14].

We then investigated the predictive value of LRBC
along with other baseline clinicopathological factors. Both
LRBC and negative HR status independently predicted
higher pCR rates in multivariate analysis. Previous
researches have suggested that HR status defines two dis-
tinct subtypes within HER2-positive disease [16, 17], and
ER-positive/HER2-positive tumors may escape from
HER2-targeted therapy through the ER/HER2 crosstalk
[18]. In our study, positive HR status was significantly
associated with lower pCR rate in both univariate and
multivariate analyses. Our results were consistent with
those of meta-analyses in which the pCR rate of

trastuzumab-based NAC was about 50 % for patients with
HR-negative disease and 30 % for those with HR-positive
disease [19, 20]. Nevertheless, LRBC significantly pre-
dicted higher pCR rates in both HR-positive and HR-neg-
ative tumors. Notably, the HR-positive/non-LRBC
phenotype accounted for 42.2 % of all the tumors and the
pCR rate was quite low (16.3 %). Further research should
focus on this special subtype, which showed strong resis-
tance to treatment.

Predictors of pCR in HER2-positive breast cancer trea-
ted with trastuzumab-based NAC have been unclear. In
neoadjuvant studies not including stromal TILs, the
JBCRG-CO3 study showed that negative HR status and
clinical tumor size T1-2 were independent predictors of
pCR [21], whereas in the GeparQuattro study, only HR
status was significantly associated with pCR [22]. When
stromal TILs was included, our study showed that LRBC
and negative HR status were independent predictors of
pCR, which was consistent with a recent TILs study
although different thresholds were used [9]. Nevertheless,
in HER2-positive disease, very few studies investigated the
predictive value of Ki67 score and the optimal threshold
for Ki67 scores in discriminating response to therapy was
uncertain [23]. Thus, we investigated its predictive value
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based on ROC curve methodology and results indicated
that Ki67 score was not significantly associated with pCR.
However, this conclusion must be interpreted carefully as
most tumors (69.8 %) in our study had scores of Ki67
>40 %. Alough a translational study in the neoadjuvant
GeparTrio trial reported a marginally significant associa-
tion (P = 0.045) between Ki67 and pCR in the entire
HER2-positive tumors, there was no significant association
of Ki67 with pCR in the more specific subtypes of HR-
positive/HER2-positive and HR-negative/HER2-positive
tumors [24]. The predictive value and optimal threshold for
Ki67 in HER2-positive breast cancer necessitate further
research.

Previous neoadjuvant investigations mainly focused on
the associations between stromal TILs levels and response
to therapy. We were unclear whether the levels of stromal
TILs could be prognostic for survival in the neoadjuvant
setting. Thus, we performed exploratory survival analyses,
and multivariate analysis indicated that LRBC was the only
independent predictor of improved EFS among baseline
clinicopathological factors. When pathological response
was included, both LRBC and pCR independently pre-
dicted better EFS. The CTNeoBC pooled analysis has
reported that patients with non-pCR have worse EFS
compared with those with pCR (ypTO/is + ypNO) in
HER2-positive disease [20]. Here, we found that LRBC
also significantly predicted better EFS in the non-pCR
subgroup. A 30 % threshold for stromal TILs showed
prognostic effect for improved EFS in both the pretreat-
ment group and the subgroup with poor response to ther-
apy. Although different thresholds were used, our results
were consistent with a recent secondary analysis of the
NeoALTTO trial showing that higher levels of stromal
TILs resulted in higher pCR rates and better EFS in HER2-
positive disease treated with neoadjuvant anti-HER2 agents
and chemotherapy [11].

We applied a standardized methodology recommended
by recent consensus. The assessments by two pathologists
had a correlation coefficient of 0.89 (P < 0.001), suggest-
ing the reproducibility of this methodology. Our findings
support the clinical utility and validity of this methodology
for daily practice. According to the study design, we are
unable to assess stromal TILs in full sections of surgical
specimens. Different thresholds for stromal TILs may be
valid in different pathological samples and the prognostic
value of a 30 % threshold need to be confirmed in the
adjuvant setting. In addition to the percentage of lympho-
cytic infiltration, the intensity was reported to be relevant
in the evaluation methodology based on H&E sections
[12]. Comparison of different methodologies should be
emphasized in further studies. Besides, identifying thresh-
olds for a continuous biomarker is dependent on various
potential factors, such as the molecular subtypes, the types
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of treatment, the distribution of responders and non-re-
sponders, the intrinsic characteristics of the biomarker, and
the reproducibility and validity of evaluation methodolo-
gies. As for stromal TILs, a 30 % threshold in our study
provided a diagnosis accuracy of 72.4 %, with a misdiag-
nosis rate of 27.6 %. This revealed a limitation of deter-
mining thresholds for stromal TILs based on morphological
assessment of the heterogeneous lymphocytic infiltrate. We
believe that this limitation may be improved along with the
progress of stromal TILs study, such as the identification of
a reproducible and valid methodology, and the revelation
of intrinsic subpopulations of the heterogeneous stromal
TILs.

Limitations of this study include its retrospective design
with a relatively small number of patients and short follow-
up. Preclinical and clinical studies have shown that the
immune system contributes substantially to the therapeutic
effects of trastuzumab [25] and a high level of stromal TILs
was found to be associated with trastuzumab benefit in the
adjuvant setting [10]. Thus, the patients included in our
study had to receive at least four cycles of trastuzumab-
based NAC. This inclusion criterion resulted in a limited
sample size but a relatively homogenous population as
93.1 % of patients received the same regimen.

In summary, we determined the optimal threshold for
stromal TILs that identified pathological response to tras-
tuzumab-based NAC in HER2-positive breast cancer, and
it was both predictive for pCR and prognostic for survival.
Our study also demonstrated its predictive value in the HR-
positive tumors and prognostic value in patients with poor
response to therapy. This may help identify patients who
are not sensitive to trastuzumab-based NAC or whose
clinical outcome would be unfavorable.
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