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BACKGROUND: Chemotherapy and radiotherapy were postulated to induce an inflamed tumour microenvironment. We aimed to
evaluate the effects of adjuvant chemotherapy/radiotherapy on tumour-infiltrating lymphocytes (TILs) and programmed death-
ligand 1 (PD-L1) expression in metastatic breast cancer.

METHODS: We identified paired primary and metastatic tumours in 85 patients with breast cancer. Stromal TILs were assessed
according to international guidelines. PD-L1 expression was evaluated using the VENTANA SP142 assay.

RESULTS: TILs were significantly lower in metastatic tumours than in primary tumours (12.2 vs. 8.3%, p = 0.049). PD-L1 positivity
was similar between primary and metastatic tumours (21.2 vs. 14.1%, p = 0.23). TILs were significantly lower in patients who
received adjuvant chemotherapy than in those who did not (—9.07 vs. 1.19%, p = 0.01). However, radiotherapy had no significant
effect on TILs (p = 0.44). Decreased TILs predicted worse post-recurrence survival (hazard ratio, 2.94; 95% confidence interval [CI]:
1.41-6.13, p = 0.003), while increased TILs was associated with a better prognosis (HR, 0.12; 95% Cl: 0.02-0.08, p = 0.04).
CONCLUSIONS: TILs decreased in metastatic tumours, particularly in patients who relapsed after adjuvant chemotherapy. Changes

in TILs from primary to metastatic sites could be a prognostic factor after recurrence.
British Journal of Cancer (2023) 128:568-575; https://doi.org/10.1038/s41416-022-02072-2

INTRODUCTION
Breast cancer is categorised into different subtypes according to
hormone receptor (HR) and human epidermal growth factor
receptor 2 (HER2) expression status. Triple-negative breast cancer
(TNBC), characterised by the lack of HR and HER2 expression [1],
most likely benefits from immune checkpoint inhibitors (ICls)
because tumour-infiltrating lymphocytes (TILs) and tumour muta-
tion burden are higher in TNBC than in other subtypes [2, 3].
Recently, ICls have been approved for use in metastatic TNBC and
are being developed for the treatment of other subtypes [4, 5].
The immune-related tumour microenvironment (TME) affects
the systemic treatment response and prognosis of cancer. TILs and
programmed death-ligand 1 (PD-L1) expression can predict the
prognosis and efficacy of ICls in patients with breast cancer [6].
High TILs are associated with a favourable prognosis in early-stage
breast cancer [2, 7-9] and with a higher efficacy of ICls [10, 11].
PD-L1 expression is a companion diagnostic for ICls used in
metastatic TNBC, since their additive effect on chemotherapy is
observed only in PD-L1-positive patients [12, 13].

The TME changes with tumour progression and cancer
treatment [14]. In breast cancer, TILs and PD-L1 expression are
lower in metastatic tumours than in primary tumours [15-17].
Chemotherapy and radiotherapy have immunomodulatory prop-
erties that make them ideal for use in combination with ICls
[18, 19]. The TONIC trial, which evaluated the immunomodulatory
effects of 2-week induction treatments comprising chemotherapy
or radiotherapy in patients with metastatic TNBC, suggested that
chemotherapy and radiotherapy altered the TME and influenced
ICl efficacy [20].

In localised breast cancer, adjuvant chemotherapy and radio-
therapy can improve prognosis by eliminating micrometastases.
However, their influence on metastatic TME remains unclear. It
also remains unclear which tumour site (primary or metastatic)
should be used for TILs/PD-L1-evaluation when ICl is considered in
clinical practice, and whether post-treatment biopsies can be used
for this purpose. Furthermore, the prognostic value of TILs/PD-L1
in metastatic tumours remains understudied. Therefore, we
evaluated differences in TILs and PD-L1 expression in paired
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primary and metastatic tumours with or without adjuvant
chemotherapy and radiotherapy. We also examined the prog-
nostic role of TILs/PD-L1 in metastatic breast cancers.

METHODS

Study population

We identified paired primary and metastatic samples from patients with
breast cancer treated at the National Cancer Center Hospital (Tokyo,
Japan). Eligible patients had the following criteria: breast cancer with
recurrence, at least one tumour sample available from initial surgery
between 2000 and 2018, and at least one tumour sample available from
surgery or biopsy of relapsed disease. We excluded patients with
insufficient tumour tissue available for assessing TILs and PD-L1 expression.
Patients who received neoadjuvant chemotherapy were also excluded.

Evaluation of TILs

TILs were assessed on haematoxylin/eosin-stained whole-tissue sections by
two independent observers (SY and MY). TILs of the primary tumour were
assessed in the surgical specimens. Stromal TILs were evaluated according
to the International Immuno-Oncology Biomarker Working Group guide-
lines [21]. TILs were scored using semi-continuous (10% increment)
methods.

Immunohistochemical evaluation

Immunohistochemical staining for oestrogen receptor (ER), progesterone
receptor (PR), and HER2 was performed using anti-ER (clone SP1; Roche
Diagnostics K.K., Tokyo, Japan), anti-PR (clone 1E2; Roche Diagnostics KK.,
Tokyo, Japan), and anti-HER2 antibodies (clone 4B5; Roche Diagnostics KK.,
Tokyo, Japan), respectively. The HR status was considered positive if >10%
of the tumour cells stained positive for ER or PR. HER2 expression was
assessed via immunohistochemical analysis and scored according to the
American Society of Clinical Oncology/College of American Pathologists
guidelines. A positive status was defined as a score of 3+ on
immunohistochemical analysis or HER2 amplification via fluorescent
in situ hybridisation. PD-L1 expression was evaluated using the VENTANA
SP142 assay (Roche Diagnostics KK, Tokyo, Japan). PD-L1 positivity was
defined according to the manufacturer's recommendations. Results are
reported as the percentage of PD-L1-stained tumour-infiltrating immune
cells in the tumour area. A tumour was considered PD-L1 positive if 1% of
tumour-infiltrating immune cells stained positive for PD-L1. PD-L1
positivity in >1% and <5% of tumour-infiltrating immune cells was
reported as IC1, PD-L1 positivity in =5% and <10% as IC2, and PD-L1
positivity in =10% as 1C3.

Statistical analysis

Continuous numerical variables reported as median and mean were
compared using non-parametric and parametric tests, respectively.
Categorical variables were compared using the Chi-squared test. Stromal
TILs >10% were considered high, consistent with previous studies [2, 11].
Changes in TILs between primary and metastases were classified as
follows: an increase of >10% as increased TILs, a decrease of =10% as
decreased TILs, and the remaining as showing no change. Changes in PD-
L1 expression were classified as follows: an increase of >1 category in the
IC score as increased PD-L1, a decrease of >1 category as decreased PD-
L1, and the remaining as showing no change. Regarding the analysis of
the association between radiotherapy and changes in TIL, we divided
patients who received adjuvant radiotherapy into those with recurrence
inside and those with recurrence outside the radiation field. Recurrence
inside the field was defined as when a recurrence site had clearly
developed in the radiation field. If the recurrence site partially overlapped
the field edge and was difficult to classify, it was defined as recurrence
outside the field. Logistic regression analysis was used to assess the
relationship between changes in TILs, PD-L1 expression, and clinico-
pathological factors. Post-recurrence survival was defined as the time
from the first invasive recurrence (locoregional or distant) to any-cause
death. The Kaplan-Meier method was used to estimate survival, and the
results were compared using the log-rank test. We used a Cox
proportional-hazards model to evaluate the prognostic value of clinico-
pathological factors. All tests were two-tailed, with the significance set at
p < 0.05. Statistical analyses were performed using STATA (version 15.1;
StataCorp, College Station, TX, USA) and GraphPad Prism, version 8.0
(GraphPad Software, San Diego, CA, USA).
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RESULTS

Patient characteristics

We identified 118 patients with paired primary and metastatic
tumours. We excluded six patients with insufficient tumour
samples and 27 patients who received neoadjuvant chemother-
apy. Finally, 85 patients were included in this analysis.
The characteristics of the patients are summarised in Table 1.
Details regarding radiotherapy are available in the Supplemental
Material.

TILs and PD-L1 expression compared between primary and
metastatic tumours

The mean and median stromal TILs of primary tumours were
12.2% (standard deviation [SD], 17.3%) and 10% (interquartile
range [IQR], 0-20.0%), respectively. The mean and median stromal
TILs of metastatic tumours were 8.3% (SD, 14.3%) and 0% (IQR,
0-10%), respectively. The mean stromal TILs were significantly
lower in metastatic tumours than in primary tumours (mean
change [%], —4.0; 95% confidence interval [Cl], —8.0 to —0.003;
p = 0.049). The mean TIL change did not differ by metastasis site
(loco-regional vs. distant, —5.25 vs. —1.15, p = 0.35), breast cancer
subtype (TNBC vs. others, —5.63 vs. —3.01, p = 0.53) or recurrence-
free interval (RFl) (=median vs. <median, —4.10 vs. —3.90,
p=0.96). The proportion of high-TIL tumours was higher in
primary tumours than in metastases (52.9 vs. 38.8%, p = 0.06). The
proportion of high-TIL tumours in the breast, lymph node, and
lung metastases was similar to that in primary tumours (high-TIL
tumours: breast, 52.0%; lymph node, 48.0%; lung, 40.0%), whereas
liver, bone, and brain metastases had no high-TIL tumours
(Supplemental Fig. 1A). TILs decreased, increased, and remained
unchanged in 33 (38.8%), 18 (21.2%), and 34 (40%) patients,
respectively. TILs showed a discordance (high vs. low) between
primary and metastatic tumours in 30 (35.3%) patients (high to
low, n=21; low to high, n=9) (Fig. 1a).

PD-L1 positivity showed no differences between primary
tumours and metastatic tumours (21.2 vs. 14.1%, p = 0.23), but
varied according to the metastatic sites. Lung metastasis had the
highest PD-L1 positivity rate (30%), whereas liver, bone, and brain
metastases showed no PD-L1 positivity (Supplemental Fig. 1B).
PD-L1 expression decreased, increased, and remained unchanged
in 13 (153%), 9 (10.6%), and 63 (74.1%) patients, respectively.
Discordance in PD-L1 expression (positive vs. Negative) between
primary and metastatic tumours was observed in 20 (23.5%)
patients (positive to negative, n = 13; negative to positive, n =7)
(Fig. 1b).

Influence of adjuvant chemotherapy and radiotherapy on TILs
and PD-L1 expression in metastatic tumours

The change in TILs in primary and metastatic tumours was
significantly lower in patients receiving adjuvant chemotherapy
than in patients not receiving it (mean change [%], —9.07 vs. 1.19,
p =0.01) (Fig. 2a). Decreased TILs were observed in 60.5% (26/43)
of patients receiving adjuvant chemotherapy, and 16.7% (7/42) of
patients not receiving adjuvant chemotherapy (p < 0.001). In the
HR-positive HER2-negative group, there was no significant
difference in mean TIL change with or without adjuvant
chemotherapy (—6.67 vs. —1.72, p = 0.33). However, in the TNBC
group, the mean TIL change was significantly lower in patients
with adjuvant chemotherapy than those without (—11.36 vs. 7.0,
p =0.013) (Supplemental Fig. 2A, B).

The change in TiLs in primary and metastatic tumours did not
differ between patients who received adjuvant radiotherapy and
those who did not (mean change [%], —5.44 vs. —2.31, p = 0.44).
The change in TILs in primary tumours and metastatic tumours
among those with recurrence inside the radiation field (n = 27),
outside the radiation field (n=19), and no previous radio-
therapy (n=39) was not significantly different (mean change
[%], —8.15 vs. —1.58 vs. —2.31, p = 0.37) (Fig. 2b). Decreased TILs
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Table 1. Patient characteristics.

Age at diagnosis, median (range)
265, n (%)
Tumour size?, n (%)
2pT2
Lymph node status®, n (%)
1-3
24
Histology, n (%)
Invasive ductal
Others
Histological grade®, n (%)
1-2
3
Stromal TILs?
Mean % (SD)
Median % (IQR)
PD-L1, n (%)
IC1
IC2
IC3
Subtype?, n (%)
HR-positive, HER2-negative
HR-positive, HER2-positive
HR-negative, HER2-positive
Triple negative
Breast surgery, n (%)
Lumpectomy
Mastectomy
Axially lymph node dissection, n (%)
Adjuvant radiotherapy, n (%)
Whole breast
Whole-breast and regional nodes
Chest wall and regional nodes
Adjuvant chemotherapy®, n (%)
Chemotherapy regimenS, n (%)
Anthracycline and taxane
Anthracycline only
Taxane only
Others
Hormone therapy, n (%)
RFl, median (range)
Visceral metastasis®, n (%)
Biopsy sites of metastases, n (%)
Breast
Regional lymph nodes
Chest wall
Lung
Liver
Bone
Brain
Others®

N=85
55 (25-78)
18 (21.2%)

45 (52.9%)

21 (24.7%)
17 (20%)

80 (94.1)
5(5.9)

33 (38.8%)
52 (61.2%)

12.2 (17.3)
10 (0-20)

16 (18.8)
1(1.2)
1(1.2)

50 (58.8%)
2 (2.4%)
1(1.2%)
32 (37.7%)

48 (56.5%)
37 (43.5%)
62 (72.9%)
46 (54.1%)
29 (34.1%)
7 (8.2%)

10 (11.8%)
43 (50.6%)

20 (46.5%)

16 (37.2%)

3 (7.0%)

4 (9.3%)

37 (43.5%)

54 (2-176) months
17 (20%)

27 (31.8%)
23 (27.1%)
11 (12.9%)
10 (11.8%)
3 (3.5%)
3 (3.5%)
2 (2.4%)
6 (7.0%)

HR hormone receptor, HER2 human epidermal growth factor receptor 2, RF/

recurrence-free interval.
2For the primary tumour.

PThree patients received both neoadjuvant and adjuvant chemotherapy.

n=43.

dvisceral metastasis include liver, lung, brain metastasis.
€Cervical lymph nodes (n = 4), skin (n = 1), pancreas (n=1).

TiLs>10%
(n=33, 39%)

TILs<10%
(n=40, 47%)

(n=24)
TILs=10%
(n=45, 53%)
(n=21)
(n=9)
TILs<10%
(n=52, 61%)
(n=31)

Primary Metastasis

(n=5)
PD-L1 (+)
(n=18, 21%) (n=13)

(n=7)
PD-L1 (-) PD-L1 ()
(=67, 79%) (n=60) (n=73, 86%)

Primary Metastasis

PD-L1 (+)
(n=12,14%)

Fig. 1 TILs and PD-L1 expression shifts between primary and
metastatic tumours. a The proportion of patients with high
stromal TILs in metastatic tumours (39%) is lower than that of
those with high stromal TILs in primary tumours (53%). b The
proportion of patients with PD-L1-positive metastatic tumours
(14%) is also lower than that of those with PD-L1-positive primary
tumours (21%). PD-L1 programmed death-ligand 1, TIL tumour-
infiltrating lymphocyte.

were observed in 44.4% (12/27), 42.1% (8/19), and 33.3% (13/39)
of patients with recurrence inside the field, outside the field, and
no previous adjuvant radiotherapy, respectively (p = 0.94). In the
HR-positive HER2-negative group, there was no significant
difference in mean TIL change between the three groups (inside
vs. outside vs. no radiotherapy, —2.0 vs. 0 vs. —6.15, p =0.6).
However, in the TNBC group, the mean TIL change was
significantly different between the three groups. The change
in TILs was significantly lower in patients with recurrence inside
the field than in those without adjuvant radiotherapy (—18.2 vs.
—2.2 vs. 3.33, p=0.024, Tukey’'s multiple comparisons test
p <0.022 between inside and no radiotherapy) (Supplemental
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Fig. 2C, D). We further analysed patients who received adjuvant
radiotherapy by dividing them into those with locoregional
recurrence (n=34) and those with distant metastasis (n = 12).
There was no significant difference in the change in TILs
(locoregional vs. distant vs. no radiotherapy, —6.77 vs. —1.67 vs.
—2.31, p=0.53) (Supplemental Fig. 3).

We performed a logistic regression analysis to determine the
relationship between clinicopathological factors and decreased
TILs. In the multivariable analysis, after adjusting the histological
grade associated with decreased TILs in the univariable analysis,
adjuvant chemotherapy remained significant (odds ratio, 6.85;
95% Cl, 2.34-20.08; p < 0.001) (Table 2).

The rate of decreased PD-L1 expression with or without
adjuvant chemotherapy or radiotherapy showed no significant
difference. Decreased PD-L1 expression was observed in 18.6% (8/
43) of patients receiving adjuvant chemotherapy and in 11.9% (5/
42) of patients not receiving adjuvant chemotherapy (p =0.39).
Decreased PD-L1 expression was also observed in 18.5% (5/27),
10.5% (2/19), and 15.4% (6/39) of patients with recurrence inside
the field, outside the field, and no previous adjuvant radiotherapy,
respectively (p = 0.55).

Impact of TILs and PD-L1 expression changes on post-
recurrence survival

The median follow-up period was 52 months (IQR, 27-97 months),
and 30 events were observed. High-TIL metastatic tumours
tended to be associated with better post-recurrence survival
(hazard ratio [HR], 0.45; 95% Cl, 0.19-1.05; p = 0.057) in the total
population, and was significantly associated with better post-
recurrence survival in the TNBC group (HR, 0.19; 95% I,
0.059-0.65; p=10.003) (Fig. 3a, b). However, high-TIL primary
tumours were not a favourable prognostic factor after recurrence
both in the total population (HR, 1.77; 95% Cl, 0.83-3.80; p = 0.14)
and the TNBC group (HR, 1.75; 95% Cl, 0.22-14.0; p =0.59)
(Supplemental Fig. 4A, B). The dynamic change in TILs between
primary and metastatic tumours, all subtypes combined, sig-
nificantly stratified post-recurrence survival (p =0.004) (Fig. 3c).
Patients with increased TILs were associated with a better
prognosis (HR, 0.12; 95% Cl 0.016-0.88; p = 0.037), and patients
with decreased TILs were associated with worse prognosis (HR,
2.94; 95% Cl, 1.41-6.13; p = 0.004). A similar trend was observed
in patients with TNBC (p=0.16) (Fig. 3d). PD-L1 positivity in
primary or metastatic tumours was not associated with post-
recurrence survival (PD-L1 positivity in primary tumours: HR, 0.92;
95% Cl, 0.47-1.82; p=0.81; PD-L1 positivity in metastases: HR,
0.23; 95% Cl, 0.038-1.35; p =0.10). The change in the PD-L1 IC
score was also not associated with post-recurrence survival
(p=0.16). In the univariable analysis, decreased/increased TILs,
larger tumour size, TNBC subtype, visceral metastasis (liver, lung,
brain), and adjuvant chemotherapy were significantly associated
with post-recurrence survival. The prognostic value of decreased
or increased TIL was not confirmed in the multivariable analysis
(Table 3).

DISCUSSION

To the best of our knowledge, this is the first study to evaluate
changes in TILs and PD-L1 expression, and their association with
adjuvant chemotherapy/radiotherapy, using paired samples from
primary tumours and metastatic tumours.

We demonstrated that TILs were significantly lower in
metastatic tumours than in primary tumours, especially in
patients receiving adjuvant chemotherapy. In the TONIC study,
TILs and immune-related signatures increased after short-term
doxorubicin treatment, which was inconsistent with our results
[20], although immune-induction after chemotherapy may be
dependent on the chemotherapy drugs used. Park et al. [22]
reported that TILs significantly increased after one cycle of
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Fig. 2 Changes in TILs with or without adjuvant chemotherapy
and radiotherapy. Changes in TILs between primary tumours and
metastases are compared in patients receiving or not receiving
adjuvant chemotherapy (@) and radiotherapy (b). The radiotherapy
group is divided into two subgroups: inside and outside of the field of
recurrence. The bars represent the mean +SD. CT chemotherapy, RT
radiotherapy, SD standard deviation, TIL tumour-infiltrating lymphocyte.

neoadjuvant  doxorubicin/cyclophosphamide treatment in
patients with pathological complete response, but not in those
with residual disease. Several studies have also reported that TILs
decreased in patients with residual disease after neoadjuvant
chemotherapy [23-27]. In the advanced setting, a post hoc
analysis of the KEYNOTE-086 trial also confirmed that TILs were
also lower in previously treated metastatic TNBCs than in
previously untreated ones (5 vs. 17.5%, p <0.001) [10]. These
studies suggest that, although short-term chemotherapy may
increase TILs, chemo-resistant tumours may have lower TILs
because of immune evasion. Our results suggest that immune-
evasive phenotypes of cancer cells not eradicated with adjuvant
chemotherapy may have been selected and evolved in recurrent
tumours. The KEYNOTE-355 and IMpassion130 trials evaluated the
efficacy of pembrolizumab or atezolizumab when added to
standard chemotherapy for untreated metastatic TNBC
[12, 13, 28]. These trials included patients who relapsed after
receiving adjuvant chemotherapy. Although the benefits of ICls
on progression-free survival or overall survival were generally
consistent across subgroups, the point estimate of HR was closer
to 1.00 in patients who received adjuvant chemotherapy than in
those who did not. The smaller benefit of ICls in patients receiving
adjuvant chemotherapy might be due to the decreased TILs in
metastatic tumours.

In clinical practice, the question “where should we take a
biopsy?” is often asked. Thus far, no clear answer can be provided.
Nearly half of patients in the IMpassion130 trial had PD-L1
assessed in the primary tumour, and PD-L1 positivity in either
primary or metastatic tumour was associated with improved
survival with atezolizumab [11]. Our data suggest that, considering
the dynamic nature of the immune system, it is better to biopsy a
site where the highest number of TILs can be expected, namely in
the primary tumour, lymph nodes, and lung. Furthermore, taking a
biopsy in the untreated setting is always preferable, since TILs
decrease after adjuvant chemotherapy. Hence, our results may
help answer a pertinent and still unanswered question relevant to
routine practice.
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Table 2.

Age (265 vs. <65)

Tumour size (2pT2 vs. <pT2)

Nodal status (positive vs. negative)
Subtype (TNBC vs. others)

HG (3 vs. 1-2)

RFI (=median vs. <median)

Site of recurrence (distant vs. locoregional)
Adjuvant CT (yes vs. no)

Adjuvant RT (yes vs. no)

Adjuvant HT (yes vs. no)

Univariate

OR

0.74
2.04
2.36
1.39
6.53
0.66
0.97
7.65
1.54
1.39

95% Cl

0.25-2.21
0.83-4.99
0.97-5.75
0.57-3.41
2.18-19.6
0.27-1.59
0.38-2.52
2.77-21.1
0.64-3.73
0.58-3.35

Logistic regression analysis of decreased tumour-infiltrating lymphocytes.

p value

0.59
0.12
0.06
0.47
0.001
0.36
0.96

<0.001

0.34
0.46

Multivariate p value

OR 95% ClI

5.71 1.75-18.06 0.004

6.85 2.34-20.08 <0.001

CT chemotherapy, C/ confidence interval, HG histological grade, HT hormone therapy, RT radiotherapy, RFI recurrence-free interval, OR odds

ratio, RT

radiotherapy, RFI recurrence-free interval, OR odds ratio, TNBC triple-negative breast cancer, TIL tumour-infiltrating lymphocyte.

a

1.00 1 TiLs>10%
TILs<10%

0.75 A

0.50 A

0.25 A

0.00 - Log rank p=0.057

' T T T T T T T T T
0 24 48 72 96 120 144 168 192

Time (month)

TILs>10% 33 29 20 14 10 3 0 0 0
TiLs<10% 52 38 27 17 12 7 3 3 1

1.00 § *m
e |NCreased TlLs
0.75 + No change
Decreased TILs
0.50
0.25 A
0.00 + Log rank p=0.004
T T T T y . . . .
0 24 48 72 96 120 144 168 192

Time (month)

Increased TlLs 18 16 12 9 5 1 0 0 0
Nochange 34 28 22 14 10 5 2 2 1
Decreased TILs 33 23 13 8 7 4 1 1 0

1001 TILs>10%
TILs<10%
0.75 -
e
0.50 -
0.25 -
0.00 A Log rank p=0.003
T T T T T ¥ - . ;
0 24 48 72 96 120 144 168 192
Time (month)
TILs>10% 16 14 7 5 4 2 0 0 0
TiLs<10% 16 4 2 1 1 1 1 1 0
1.00 A
s |NCreased TILs
No change
075 1 Decreased TILs
0.50 A
0.25
0.00 Log rank p=0.16

T T T T

0 24 48 72 96 120 144 168 192
Time (month)
Increased TILs 5 4 1 1 0 0 0

0 0
No change 8 4 3 2 2 1 0 0 0
Decreased TlLs 19 10 5 3 3 2 1 1 0

Fig.3 TILs and post-recurrence survival. Post-recurrence survival in patients with high TILs (=10%) vs. low TILs (<10%) in metastatic tumours
in the total population (a) and in the TNBC subgroup (b). Post-recurrence survival in patients according to the change in TILs (increased vs. no
change vs. decreased) in the total population (c) and in the TNBC subgroup (d). TNBC triple-negative breast cancer, TIL tumour-infiltrating

lymphocyte.

Changes in TILs and PD-L1 expression were similar between
patients who received adjuvant radiotherapy and those who did
not, regardless of the recurrence site. Previous pre-clinical studies
demonstrated that radiotherapy increased T-cell infiltration and
enhanced the efficacy of ICls [29, 30]. Studies comparing pre- and
post-chemoradiotherapy tumour samples in patients with NSCLC
also showed that TILs increased after chemoradiotherapy [31, 32].
However, our results were different, possibly because we

evaluated post-recurrence tumour samples that were not col-
lected immediately after treatment.

We also evaluated whether the changes in TILs and PD-L1
expression affected post-recurrence survival. Several retrospective
studies evaluating the prognostic role of TILs in metastatic
tumours for recurrent breast cancer have reported inconsistent
results [15, 16, 33, 34]. In our study, high metastatic TILs were
associated with favourable post-recurrence survival in patients
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Table 3.

TILs in primary tumours (210 vs. <10%)
TILs in metastatic tumours (=10 vs. <10%)
TIL changes

No change

Decreased

Increased
PD-L1 expression in primary tumours (positive vs. negative)
PD-L1 expression in metastatic tumours (positive vs. negative)
PD-L1 changes

No change

Decreased

Increased
Age?® (=65 vs. <65)
Tumour size® (ZpT2 vs. <pT2)
Nodal status® (positive vs. negative)
Subtype® (TNBC vs. others)
HG® (3 vs. 1-2)
RFI (=median vs. <median)
Visceral metastasis® (yes vs. no)
Adjuvant CT (yes vs. no)
Adjuvant RT (yes vs. no)

Cox proportional-hazards model for post-recurrence survival.

Univariable p value Multivariable p value
HR 95% ClI HR 95% Cl

1.77 0.83-3.80 0.14

0.45 0.19-1.05 0.065

Ref - - Ref - -
2.94 1.41-6.13 0.004 1.36 0.50-3.66 0.55
0.12 0.016-0.88 0.0037 0.15 0.02-1.21 0.074
0.92 0.47-1.82 0.81

0.23 0.038-1.35 0.1

Ref - -

1.85 0.79-4.33 0.16

0.25 0.035-1.88 0.18

1.54 0.72-3.31 0.27

231 1.06-5.06 0.036 1.49 0.61-3.67 0.38
1.75 0.85-3.60 0.13

2.08 1.004-4.30 0.049 1.77 0.74-4.23 0.2
1.99 0.91-4.39 0.087

0.86 0.41-1.80 0.69

2.52 1.08-5.87 0.032 2.76 1.07-7.11 0.04
4.26 1.90-9.54 <0.001 2.23 0.87-5.70 0.095
0.97 0.47-2.01 0.95

0.83 0.40-1.73 0.62

Adjuvant HT (yes vs. no)

@At recurrence.

PFor primary tumours.

“For metastatic tumours.

9Visceral metastasis include liver, lung, brain metastasis.

CT chemotherapy, CI confidence interval, HR hazard ratio, HG histological grade, HT hormone therapy, RT radiotherapy, RFI recurrence-free interval, PD-L1
programmed death-ligand 1, TNBC triple-negative breast cancer, TIL stromal tumour-infiltrating lymphocyte.

with TNBC, while high primary TILs were not. Moreover, the
dynamic changes in TILs between primary and metastatic tumours
were predictive of post-recurrence survival, and decreased TILs in
metastatic tumours were associated with a poor prognosis. Our
results suggest that TILs also provide prognostic information in
the metastatic setting. Further development of immune-induction
strategies to increase TILs in metastases may improve the
prognosis of recurrent breast cancer.

This study is limited by its retrospective design and small sample
size. However, given that biopsies or diagnostic surgery of metastases
are often omitted, the value of our study lies in its inclusion of a large
patient cohort based on a unique data source, which allowed us to
evaluate shifts in the TME in the same patients between primary
tumours and metastatic tumours. In the future, further validation in
multi-centre studies with a larger number of cases is desirable.
Furthermore, patients with various breast cancer subtypes were
included. TlLs and PD-L1 expression, and their prognostic significance
varied by subtype. Extrapolation of our findings to HER2-positive
breast cancer should be performed with caution, since HER2-positive
cases accounted for only 3.6% of our study sample.

In conclusion, TILs were decreased in metastatic tumours,
particularly after adjuvant chemotherapy, resulting in a poor
prognosis. In contrast, increased TILs were associated with a better
prognosis in the total patient sample, and high TILs in metastatic
tumours were associated with a better prognosis in patients with
TNBC. The evaluation of TILs in metastatic tumours may help
predict the prognosis and aid the development of personalised
immunotherapy.
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