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Abstract

Background The tumor immune microenvironment plays a critical role in the prognosis and outcome of breast cancers.
This study examined the role of tumor-infiltrating lymphocytes (TILs), CD8+, FOXP3+ lymphocytes, PD-L1 expression,
and other clinicopathological parameters in HER2+ breast cancer and correlate with tumor response to neoadjuvant therapy.
Methods We included 173 HER2+ patients treated with neoadjuvant HER2-targeted chemotherapy regimens from 2010
to 2016. 67 cases had biopsy blocks to evaluate TIL, CD8, FOXP3, and PD-L1 immunohistochemistry staining. Tumors
were classified as pCR vs non-pCR group. Clinicopathological parameters, TIL, CD8+ and FOXP3+-cell count, and PD-L1
expression were correlated with pCR rate.

Results Univariate analyses showed that pCR rate was significantly correlated with low PR, low ER, high Ki-67, high
FOXP3, HER2 IHC3+, high HER2 ratio and copy number. By multivariate analysis, Ki-67 was the only variable signifi-
cantly correlated with pCR. PD-L1 expression was detected in 9.2% cases. TIL hotspot has a non-significant correlation
with pCR rate (p =0.096).

Conclusions High Ki-67 is a strong predictor for pCR in HER2+ breast cancer. TIL and FOXP3 T cells may play a role
in tumor response in HER2+ cancer. PD-L1 is expressed in a subset of HER2+ breast cancer, supporting a role of immu-
notherapy in treating a subset of HER2+ breast cancers. The role of PD-L1, TIL, and other markers of immunogenicity as
predictors of response to neoadjuvant chemotherapy in HER2+ breast cancer should be further evaluated.
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targeted therapy
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patients who do not achieve pCR, we can employ novel
strategies to help minimize the risk of recurrence [12].
The KATHERINE trial showed that patients who did not
achieve a pCR to neoadjuvant HER2-directed therapy had
improved 3-year disease-free survival by 11% by switch-
ing to trastuzumab emtansine in the adjuvant setting as
opposed to continuing with trastuzumab alone [13].

Given the increasingly important value of pCR in
HER2+ breast cancer as both a prognostic marker and a
tool to aid in decision-making about adjuvant therapies,
understanding the role that immune cells and tumor-infil-
trating lymphocytes (TILs) play in predicting pCR is of
great interest and clinical relevance. There are several
recent clinical trials that have shed light on this issue. In
the HER2+ cancer cohort of the GeparSixto trial, among
patients classified as having lymphocyte predominant
breast cancer, pCR rates were higher than those who had
lower levels of lymphocytic infiltration (64% vs 27%),
and the addition of carboplatin to the treatment increased
the pCR rate in the lymphocyte predominant patients but
reduced it in non-lymphocyte predominant patients [14].
In the NeoALTTO study, patients with > 5% TILs were
more likely to achieve pCR than those with lower lev-
els of TILs, and there was a linear association between
TIL percentage and event-free survival [15]. However,
the results were not consistent among the studies. Some
studies showed no association between response to ther-
apy and TIL in multivariate analysis [16, 17]. To bet-
ter understand the role of the immune system of HER2-
overexpressing breast cancer, we examined the role of
TILs, CD8+ and FOXP3+ lymphocytes, and PD-L]1
expression in the tumor response to neoadjuvant therapy
in HER2+ breast cancer.

sl SRt

Patient information and methods
Patient information

This study was approved by the Emory University Insti-
tutional Review Board. A total of consecutive 173
HER2+ breast cancer cases treated with neoadjuvant therapy
from 2010 to 2016 were identified from our institution. All
cases were either HER2 IHC 3 + or HER2 gene amplified
by FISH analysis according to the 2018 ASCO/CAP rec-
ommendations [18]. Among the 173 cases, 111 had H&E
slides for morphology evaluation and 67 had tissue blocks
available for immunohistochemistry (IHC) evaluations. Clin-
icopathologic parameters, including age at diagnoses (age),
tumor size before treatment, estrogen receptor (ER) and
progesterone receptor (PR) H score (% X intensity), Ki-67,
HER2 IHC, HER2/CEP17 ratio (HER2 ratio) and HER2
copy number (HER2 copy #), were collected from pathology
reports and patient charts. Nuclear grade (1/2 vs 3), Notting-
ham grade (I/II vs III), mitosis/10 high-power field (HPF)
and TILs were evaluated. TILs were evaluated as average
TIL and hot spot TIL. Average TIL was defined as the aver-
age TIL percentage in the entire intratumoral stroma. Hot
spot TIL was defined by the area of high-density TIL (more
than 50%) divided by the entire intratumoral stroma (Fig. 1).

All patients received neoadjuvant therapy composed of
HER2-targeted therapy (trastuzumab or pertuzumab or both)
and chemotherapy. Biopsies from these patients were evalu-
ated, and features were correlated with tumor response to
neoadjuvant therapy. Tumor response was evaluated on exci-
sional specimens and classified as pCR vs non-pCR; pCR
was defined as no invasive carcinoma and no tumor thrombi
in lymphovascular channels in the breast and no metastasis
in the axillary lymph nodes at the time of surgery.

Fig. 1 Representative pictures of hot spot TIL. a X40. b x100. Arrows indicate hot spot TIL area. Hot spot TIL was defined by areas with a high
density of TILs (shown with arrows) divided by the entire intratumoral area
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Immunohistochemistry

All biopsies were fixed in 10% neutral buffered formalin
within an hour and for 6-72 hours. Formalin-fixed paraf-
fin-embedded (FFPE) blocks were cut to 4-um thickness
and placed on a positively charged glass slide. Unstained
slides went through antigen retrieval in citrate buffer for
20 min (min) at pH 6.0 and were then stained for ER (1:50;
Dako, Carpenteria, California), PR (1:400; Dako), HER2
(HercepTest Her2 antibody; Dako), CD8 (clone C8/144B,
1:100; Dako), or PD-L1 (clone E1L3N, 1:200; Cell Signal-
ing, Beverly, CA) using an automated Leica Bond III stainer
(Leica Biosystems, Buffalo Grove, IL). FOXP3 (clone 236A/
E7, 1:100; Abcam) staining was performed using a Dako
link48 autostainer (Dako Biosystems, Santa Clara, CA).
ER and PR nuclear staining and HER2 membrane stain-
ing were evaluated. CD8+ and FOXP3+ cells were counted
within the tumor and the surrounding area (within 1 mm
from tumor-invading front). The average absolute count of

positive staining cells in 10 HPF was used to correlate with
pCR rate (Fig. 2). PD-L1 expression levels in tumor cells
and stroma were evaluated by Allred score (intensity X per-
centage, Fig. 3). PD-L1 positivity was defined as any PD-L1
staining in tumor cells or stroma. Appropriate positive con-
trols were used in all cases.

Statistical analysis

Clinicopathologic characteristics were summarized by count
and percentage for categorical variables, and by mean and
standard deviation for continuous variables. Continuous
variables included age, tumor initial size, mitosis, ER and
PR H scores, Ki-67, HER2 copy #, ratio, CD8, FOXP3, stro-
mal PD-L1, tumor PD-L1, average TIL, and hot spot TIL.
Categorical variables included nucleus grade, Nottingham
grade, HER2 IHC staining (24 vs 3 +).

The associations between clinicopathologic parameters
and RCB class were evaluated by univariate and multivariate

Fig.3 Representative pictures of TIL (a x200) and PD-L1 staining (b x200)
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logistic regression analyses. A p-value less than 0.05 was
considered statistically significant.

Results
Clinicopathologic features

Among 173 cases, 87 (50.3%) had pCR, and 86 (49.7%)
were non-pCR. Table 1 summarizes the clinicopathologic
features of 173 cases. The mean age was 53.2 and 54.6 years
and the mean preoperative tumor size was 3.6 and 3.6 cm
in the pCR and non-pCR group, respectively. Seventy five
(55.2%) of 126 cases with HER2 THC 3 + achieved pCR,
whereas 9 (24.3%) of 37 cases with IHC 2 + but positive
FISH results achieved pCR. Ten cases were FISH positive
but missed IHC results and tissue blocks were not available

Table 1 Descriptive statistics in different RCB groups

Characteristics PCR [number of cases Non-pCR [num-
(%) or Mean + SD] ber of cases (%) or
Mean+SD]
Age 532+11.9 54.6+12.5
Tumor size (cm) 36+2.2 3.6+22
Nucleus grade

1 1(1.2) 0

2 42 (48.8) 41 (50.0)

3 43 (50.0) 41 (50.0)
Mitosis (/10HPF)  18.3+10.5 18.2+9.7
Nottingham grade

I 0 2(24)

I 43 (50.0) 41 (50.0)

I 43 (50.0) 39 (47.6)

ER (H score) 67.8+114.0 136.9+137.3
PR (H score) 24.0+59.6 76.3+106.4
Ki-67 index 58.6+24.2 47.2+26.1
HER2 [HC

2+ 9 (10.7) 28 (35.4)

3+ 75 (89.3) 51 (64.6)
HER?2 copy # 19.0+6.6 11.9+6.5
Ratio 7.4+34 4.6+2.7
CD8 469.2+352.2 472.5+656.1
FOXP3 249.0+161.6 156.6 +160.6
PD-LI in stroma 5.0+21.93 0.3+1.7
PD-L1 in tumor 0.6+2.1 02+09
TIL average (%) 10.6+11.5 7.7+11.1
TIL hot spot (%) 4.0+10.6 0.1+0.7

ER estrogen receptor, HER2 human epidermal growth factor receptor
2, HPF high-power field, /HC immunohistochemistry, pCR complete
pathologic response, PD-LI programmed death ligand 1, PR proges-
terone receptor, RCB residual cancer burden, SD standard deviation,
TIL tumor-infiltrating lymphocyte
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for HER2 THC study. The mean HER2 ratio and copy # were
significantly higher in the pCR vs non-pCR group (7.4 vs 4.6
and 19.0 vs 11.9, respectively).

PD-L1 expression and immune cells in HER2 + breast
cancer

PD-L1 expression was low in HER2+ breast cancer. Only
5 (7.9%) of 63 cases were positive for PD-L1 staining in
tumor cells. Five were positive for stromal PD-L1 expres-
sion, including 4 cases that were positive for both tumor
cell and stromal PD-L1 expression. In total, 6 (9.2%) cases
expressed PD-L1 in either tumor cells or stroma. CD8+cells
were identified in 67/67 cases and FOXP3+ cells were in
66/66 cases. The mean number of CD8+ cells was similar
in the pCR and non-pCR group (469.2 vs 472.5). The mean
number of FOXP3+ cells was higher in the pCR group (249
vs 156.6). We were able to evaluate TILs in 111 cases, and
only 11 (9.9%) showed TIL hot spot. Four cases and one case
did not have enough tissues on deeper section for PD-L1 and
FOXP3 IHC evaluation, respectively.

Correlation of clinicopathologic parameters
with pCR

In the univariate analysis, low ER and PR expression, high
Ki-67, HER2 IHC 3 +, high HER2 ratio and copy #, and
high counts of FOXP3+ cells significantly correlated with
PCR rate (Table 2). TIL hotspot has a non-significant cor-
relation with pCR rate (p =0.096). In multivariate analysis,
Ki-67 index was the only variable significantly associated
with pCR after controlling for other covariates (Table 3).

Discussion

In a recent publication, our group showed that HER2 THC
3+, high Ki-67, and high HER2 copy number were sig-
nificantly associated with tumor response to neoadjuvant
HER2-directed chemotherapy [19]. This is consistent with
our understanding of tumor response to therapies. Cancers
with strong HER?2 overexpression are more likely to respond
to HER2-directed therapy and the most rapidly proliferating
tumor cells with high Ki-67 are sensitive to chemotherapy.
These are useful predictors of response and can provide use-
ful information as predicting which patients are likely to
achieve pCR and which patients are in higher risk with resid-
ual disease and in need of more intense adjuvant therapy.
In this study, we aimed to clarify the role of the tumor
immune microenvironment and to understand whether TILs,
PD-L1 expression, or specific subtype of lymphocytes cor-
related with pCR rate and could be additional biomarkers in
predicting response to therapy. Studies have shown breast
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Table 2 Univariate analysis of correlation between clinicopathologic
parameters with RCB class

Characteristics Univariate analysis

OR 95% CI p
Age 1.010 0.985-1.035 0.43
Tumor size (cm) 1.010 0.877-1.162 0.89
Nucleus grade

I _ _ _

I 1.000 - -

I 0.977 0.532-1.792 0.94
Mitosis (/10HPF) 0.999 0.963-1.037 0.96
Nottingham grade

1 _ _ _

I 1.000 - -

1 0.951 0.517-1.749 0.87
ER (H score) 1.004 1.002-1.007 0.0008"
PR (H score) 1.008 1.003-1.012 0.0005"
Ki-67 index 0.982 0.968-0.996 0.01"
HER2 IHC

2+ 1.000 - -

3+ 0.219 0.095-0.502 0.0003"
HER2 copy 0.858 0.796-0.924 <.0001"
Ratio 0.748 0.644-0.869 0.0001"
CD8 1.000 0.999-1.001 0.98
FOXP3 0.996 0.993-1.000 0.029"
PD-L1 in stroma 0.870 0.690-1.097 0.24
PD-L1 in tumor 0.823 0.552-1.228 0.34
TIL average (%) 0.976 0.941-1.013 0.20
TIL hot spot (%) 0.752 0.538-1.052 0.096

ER estrogen receptor, HER2 human epidermal growth factor receptor
2, HPF high-power field, /HC immunohistochemistry, pCR complete
pathologic response, PD-LI programmed death ligand 1, PR proges-
terone receptor, RCB residual cancer burden, SD standard deviation,
TIL tumor-infiltrating lymphocyte

“p <0.05

Table 3 Multivariate analysis of correlations between clinicopatho-
logic parameters and RCB class

Characteristics Multivariate analysis

OR 95% C1 p

FOXP3 0.997 0.989-1.004 0.40
Ki-67 index 0.957 0.920-0.995 0.029"
HER-IHC

2+ 1.000 - -

3+ 0.333 0.034-3.274 0.35
ER (H score) 0.997 0.988-1.006 0.47
PR (H score) 1.011 0.994-1.029 0.22
Ratio 0.779 0.492-1.232 0.29
HER2 Copy 0.972 0.800-1.182 0.78
*p < 0.05

cancer with extensive TIL had better prognosis even in tra-
ditionally higher-risk breast cancer subtypes [20-24]. Other
studies have shown that heavy tumor lymphocyte infiltra-
tion is relatively rare in HER2+ breast cancer,however, along
the lines of 16% [25]. In some studies, patients with more
TILs have been shown to have better outcomes in terms of
response to neoadjuvant therapy, event-free survival, and
even overall survival [26, 27]. However, in other studies,
TIL was not associated with tumor response to therapy in
HER2+ breast cancer [16, 17]. In our study, 9.9% of cases
showed TIL hot spot and there was a non-significant cor-
relation between TIL hot spot and pCR (p=0.096), indi-
cating not only TIL but the location of TIL may correlate
with tumor response. It is possible that a stronger correlation
between TIL and pCR could be seen in a larger study. The
non-significant correlation may also indicate HER2+ breast
cancer is not as immunogenic as triple-negative breast can-
cer. At least one study showed TIL during treatment might
predictive of pCR rate, indicating the importance of dynamic
changes of TIL in tumor response to therapy and prognosis
[16].

Some studies showed a positive correlation between cyto-
toxic CD8+T cells and higher pCR rate and better prognosis
in HER2+ breast cancer [28, 29], while other studies failed
to demonstrate such correlations [30, 31]. One study showed
low CD8+ cell count was associated with inferior response
to lapatinib to the response to trastuzumab in metastatic
HER2+ cancer although they did not see overall correlation
between CD8+ T cell count and prognosis [31]. We did not
find a significant correlation between CD8+T cells and pCR
rate in this study and the mean of CD8+ cells was similar
between the pCR group and non-pCR group. FOXP3+ reg-
ulatory T cells has been mostly studied in triple-negative
breast cancer. Few studies examined the role of FOXP3+T
cells in HER2+ cancer and the results are conflicting. One
study showed FOXP3+ cells were associated with poor
response to therapy and prognosis in HER2+ breast cancer
[32]. Other studies did not demonstrate such correlation [33,
34]. This discrepancy could be due to difference in patient
population, treatment regimens and methods in evalu-
ation of CD8+ and FOXP3+ cells. It has been shown the
concordance of inter-pathologist evaluations of CD8+ and
FOXP3+ cells is low [35]. In this study, we found a posi-
tive correlation between FOXP3+cell count and pCR rate
in univariate analysis but not in multivariate analysis. One
study showed a positive correlation between FOXP3+ cell
count and Ki-67 level in breast cancer [34]. However, we did
not see such correlation (data not shown). In the multivariate
analysis, high Ki-67 level was the only factor associated with
PCR rate. The precise role of FOXP3+ in tumor response in
HER?2+ breast cancer warrants further studies.

Higher PD-L1 expression in primary breast cancer is gen-
erally associated with better outcomes, although most of the
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work was conducted in triple-negative breast cancer [36,
37]. A study with a cohort of 216 cases of locally advanced
HER2+ breast cancer showed an 18% frequency of PD-L1
expression and an association of PD-L1 expression with
higher TIL level and pCR rate [38]. In our study, we did not
see a significant correlation between PD-L1 staining and
pCR rate but 9.2% of cases were positive for PD-L1 stain-
ing, indicating a possible role of immunotherapy in a sub-
set of HER2+ breast cancer. The PD-L1 antibody we used
(clone E1L3N, Cell Signaling) is different from the Ventana
SP142 clone used in the IMpassion130 clinical trial in triple-
negative breast cancer [39, 40]. Lawson et al. showed that
although the PD-L1 epitope the EIL3N antibody binds to
overlaps with the epitope the SP142 binds to, these epitopes
are not identical [41]. Compared with the EIL3N clone and
other FDA approved PD-L1 antibodies, the SP142 anti-
body has been consistently shown to detect fewer PD-L1
positive cells [42—44]. Other clinical trials investigating the
efficacy of immune checkpoint inhibitors on triple-negative
breast cancer, such as the KEYNOTE-086 [45, 46], KEY-
NOTE-552 [47], TONIC [48] and GeparNuevo trial [49],
used different PD-L1 antibodies and positive cutoffs. These
antibodies recognize different epitope of PD-L1 and may
show different PD-L1 staining results [41]. Research is
needed to examine which PD-L1 antibody best correlates
with prognosis and tumor response in HER2+ breast cancer.

The limitation of this study includes the relatively small
case number. Some of the cases were consultation cases and
we did not have tissue blocks for IHC studies. Larger stud-
ies may show more significant correlation between TIL and
FOXP3+cells and pCR rate in HER2+ breast cancer. Nev-
ertheless, we performed extensive evaluations of the clinico-
pathological features and immune cell profiles in this study.

More work needs to be done to determine the relevance
of PD-L1 expression, TILs and specific subtypes of immune
cell in HER2+ breast cancer. Such information will be
critical in our understanding how we can better predict
response to modern therapies and how we might use this
information to design clinical trials and further optimize
therapies. There are several recent trials in advanced stage
HER?2+ breast cancer suggesting that immunotherapy may
be able to enhance the response to HER2-directed ther-
apy in patients with PD-L1 positive disease and high TIL
expression. The randomized phase II KATE?2 study evalu-
ated the addition of atezolizumab to trastuzumab emtansine
in patients with advanced HER2+ breast cancer who had
already received trastuzumab- and taxane-based therapy. In
the atezolizumab + trastuzumab emtansine group, patients
with PD-L1 + disease had longer progression-free survival
(PFS) compared to those with PD-L1-negative disease, as
did those with TILs >5% compared to those with TILs < 5%;
whereas in the trastuzumab emtansine alone group, patients
with PD-L1-negative cancer and TIL <5% did better [50].

@ Springer

The PANACEA study looked at pembrolizumab in combi-
nation with trastuzumab in patients with HER2+ metastatic
breast cancer that had progressed on trastuzumab treat-
ment. In this study, 15% of the 46 PD-L1-positive patients
achieved an objective response, while there were no objec-
tive responders in the PD-L1-negative subgroup [51]. These
trials clearly demonstrates the importance of evaluation of
PD-L1 and immune cells in patients with HER2+ breast
cancer. Immunotherapy might contribute meaningfully to
better outcomes in patients with PD-L1 expression or high
TILs in the tumor.

Conclusion

Our findings demonstrate that high Ki-67 is a strong predic-
tor of pCR in HER2+ breast cancer. TIL and FOXP3+T
cells may play an important role in tumor response. A sub-
set of HER2+ breast cancer expresses PD-L1. Larger stud-
ies with HER2+ breast cancers will be needed to continue
to elucidate the role of PD-L1, TILs, and other markers of
immunogenicity as predictors of response to neoadjuvant
chemotherapy and as risk stratification in HER2+ breast
cancer.
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