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Purpose  The programmed death-ligand 1 (PD-L1) SP142 assay identifies patients with triple-negative breast cancer (TNBC) who are 
most likely to respond to the anti–PD-L1 agent atezolizumab. We aimed to compare PD-L1 (SP142) expression between primary and 
recurrent/metastatic TNBCs and elucidate the clinicopathological features associated with its expression. 
Materials and Methods  Primary and recurrent/metastatic TNBCs tested with PD-L1 (SP142) were collected, and clinicopathological 
information of these cases was obtained through a review of slides and medical records. 
Results  PD-L1 (SP142) positivity was observed in 50.9% (144/283) of primary tumors and 37.8% (31/82) of recurrent/metastatic 
TNBCs with a significant difference. Recurrent or metastatic sites were associated with PD-L1 positivity, with high PD-L1 positivity in 
the lung, breast, and soft tissues, and low positivity in the bone, skin, liver, and brain. When comparing PD-L1 expression between pri-
mary and matched recurrent/metastatic TNBCs using 55 paired samples, 20 cases (36.4%) showed discordance; 10 cases revealed 
positive conversion, and another 10 cases revealed negative conversion during metastatic progression. In primary TNBCs, PD-L1 
expression was associated with a higher histologic grade, lower T category, pushing border, and higher tumor-infiltrating lymphocyte 
infiltration. In survival analyses, PD-L1 positivity, especially high positivity, was found to be associated with favorable prognosis of 
patients.    
Conclusion  PD-L1 (SP142) expression was lower in recurrent/metastatic TNBCs, and substantial cases showed discordance in its 
expression between primary and recurrent/metastatic sites, suggesting that multiple sites may need to be tested for PD-L1 (SP142) 
when considering atezolizumab therapy. PD-L1 (SP142)–positive TNBCs seems to be associated with favorable clinical outcomes.
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Introduction

Triple-negative breast cancers (TNBCs), which are defined 
as breast cancers that are negative for estrogen receptor, 
progesterone receptor, and human epidermal growth fac-
tor receptor 2 (HER2), are known to be aggressive and show 
poor clinical outcome [1]. As patients with TNBC cannot 
benefit from endocrine therapy or HER2-targeted therapy, 
other therapeutic agents, including poly adenosine diphos-
phate-ribose polymerase inhibitors, such as olaparib [2] and 
talazoparib [3], and immunotherapy have been developed in 
attempts to treat TNBC patients. 

Generally, breast cancer is known to be a less immuno-
genic tumor with low mutational burden [4]. However, the 
mutational load is higher in TNBCs than in non-TNBCs [5]. 
Programmed death-ligand 1 (PD-L1) expression is also high-
er, and more tumor-infiltrating lymphocytes (TILs) are found 
in TNBCs [6,7]. Tumor mutational burden, TILs, and PD-L1 
expression are predictive biomarkers of immune checkpoint 

inhibitor therapy; thus, immunotherapy has been considered 
in TNBCs [8]. 

The programmed death 1 (PD-1) receptor is an immune-
inhibitory receptor expressed in immune cells (ICs), includ-
ing activated T cells, B cells, and myeloid cells, and acts by 
binding to PD-L1 within the tumor immune microenviron-
ment [9,10]. Pembrolizumab (a PD-1 inhibitor) and atezoli-
zumab (a PD-L1 inhibitor) prevent the interaction between 
PD-1 and PD-L1, resulting in the reversal of T cell suppres-
sion. They are immune checkpoint inhibitors that have been 
approved for treatment of locally advanced or metastatic 
TNBCs through Keynote-355 [11] and IMpassion130 trials 
[12]. These trials have also proved the value of PD-L1 as a 
predictive biomarker for the efficacy of pembrolizumab or 
atezolizumab in locally advanced or metastatic TNBC pati-
ents, although different antibodies and scoring systems are 
required. For pembrolizumab, PD-L1 IHC 22C3 PharmDx 
assay is used and combined positive score of 10 or more is 
considered positive. On the other hand, VENTANA PD-L1 
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(SP142) assay is used for atezolizumab and an IC score of 1% 
is used as cutoff.

For the samples to be tested, both primary and metastatic 
tumor samples were used to evaluate the PD-L1 status. How-
ever, the IMpassion130 trial and some other studies have 
shown that PD-L1 IC positivity is higher in primary tumors 
than in metastatic tumors. In addition, PD-L1 positivity in 
metastatic TNBCs has been found to vary depending on the 
site of metastasis [12-14]. If these findings are consistent, they 
can have important clinical implications in the selection of 
samples to be tested. Moreover, only a few studies have com-
pared PD-L1 expression between primary TNBCs and their 
matched metastases. Most of them included not only TNBCs 
but also other subtypes, and even those that included only 
TNBCs evaluated a limited number (up to 45 cases) of paired 
samples [13,15-18]. 

Thus, in this study, we aimed to compare PD-L1 (SP142) 
expression between primary and recurrent/metastatic TNBCs 
and evaluate PD-L1 positivity by the site of recurrence or 
metastasis using a large number of cases. In particular, we 
compared PD-L1 (SP142) expression between paired prima-
ry and metastatic TNBC samples. We also attempted to elu-
cidate the clinicopathological features associated with PD-L1 
(SP142) expression and to determine the prognostic value of 
PD-L1 (SP142) expression in TNBCs. 

Materials and Methods

1. Patients and samples
Primary and recurrent/metastatic TNBCs tested for PD-L1 

(SP142) at Seoul National University Bundang Hospital 
between 2019 and 2022 were collected. In total, 310 patients 
(365 samples) were included in this study. Two hundred 
eighty-three samples were from primary TNBCs, and 82 
samples were from recurrent or metastatic TNBCs. One hun-
dred and fifty-seven samples were from surgical resection 
specimens, and 208 samples were from core needle biopsy 
specimens. Fifty-five primary and matched recurrent/meta-
static samples were used for the paired comparisons. 

2. Clinicopathological information
Clinicopathological information of the selected cases was 

obtained through a review of the slides and medical records. 
The following information was collected: age at diagnosis, 
sex, histologic type, histologic grade, primary tumor size, 
T category, N category, lymphovascular invasion, perineu-
ral invasion, tumor border, TILs, and immunohistochemical 
results for p53, cytokeratin 5/6, and epidermal growth factor 
receptor, site of recurrence or metastasis and type of systemic 
therapy. In patients who received neoadjuvant chemothera-

py (NAC), the primary tumor size was measured based on 
imaging studies prior to treatment, and clinical staging for 
T and N categories was applied. In patients who underwent 
immediate surgery without NAC, the microscopic size of the 
tumor and pathological staging for T and N categories were 
used. TIL were scored based on the tutorial and reference 
images created by the International Working Group for TIL 
in breast cancer, and were categorized as < 10%, ≥ 10% and 
< 50%, and ≥ 50%. Clinicopathological characteristics of the 
patients included in this study are summarized in Table 1.

Clinical follow-up data were also collected for each pati-
ent. In patients who received NAC before surgery, recur-
rence-free survival was defined as the period from the start 
of NAC to the date of clinical detection of recurrence, and 
cancer-specific survival was defined as the period from the 
start of NAC to the date of death due to TNBC. The date of 
surgery was used for patients who had undergone upfront 
surgery. In cases where recurrence or death did not occur, the 
follow-up time was calculated from the date of the start of 
NAC or surgery to the date of the last event-free follow-up.

3. Immunohistochemical staining for PD-L1
Immunohistochemical (IHC) staining for PD-L1 (SP142) 

was performed on 4-μm-thick sections from formalin-fixed 
paraffin-embedded tissue blocks using the OptiView DAB 
IHC detection kit (Ventana Medical Systems, Tucson, AZ) 
and OptiView Amplification Kit (Ventana Medical Systems) 
on a BenchMark ULTRA platform (Ventana Medical Sys-
tems) according to the manufacturer’s instructions.

When only biopsy specimens were available, IHC was per-
formed on the biopsy sections. For surgically resected sam-
ples, one representative tumor block was chosen for PD-L1 
staining. To exclude the effect of NAC on the expression of 
PD-L1, pre-NAC biopsy specimens were used in patients 
who underwent NAC. 

4. Interpretation of PD-L1 (SP142) staining 
Interpretation of the PD-L1 SP142 assay was based on 

Ventana’s interpretation guide for TNBC. PD-L1 staining 
of tumor-infiltrating ICs was scored. As stated in the inter-
pretation guide, lymphocytes, macrophages, and cells with 
dendritic or reticular morphology in the intratumoral and 
contiguous peritumoral stroma are regarded as tumor-infil-
trating ICs. The IC score was calculated as the proportion of 
the tumor area occupied by PD-L1–stained ICs of any inten-
sity. A specimen was considered positive for PD-L1 (SP142) 
if it showed a ≥ 1% IC score. According to the IMpassion130 
trial [12], specimens with ≥ 5% IC scores were considered to 
have high PD-L1 expression. 
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5. Statistical analyses
Statistical analyses were performed using IBM SPSS Sta-

tistics ver. 21.0 (IBM Corp., Armonk, NY). The chi-square 
test or Fisher’s exact test was used to compare PD-L1 posi-
tivity between primary and recurrent/metastatic tumors or 
between different recurrent or metastatic sites, and to evalu-
ate the clinicopathological features of tumors associated 
with PD-L1 expression. The difference in TIL levels in recur-
rent/metastatic tumors was analyzed by Kruskal-Wallis test 
among three groups, and by Mann-Whitney U test between 
two groups. Corrections for multiple testing were made by 
Bonferroni method, and adjusted p-values were calculated. 
The Wilcoxon signed-rank test was used to evaluate the 
change in PD-L1 expression in paired primary and recur-
rent/metastatic samples. 

Recurrence-free survival and cancer-specific survival were 
calculated using the survival analysis. Survival curves were 
drawn using the Kaplan-Meier method, and p-values were 
calculated using the log-rank test. The Cox proportional haz-
ards model was used for multivariate analysis using the back- 
ward stepwise selection method. Hazard ratios (HR) and 
95% confidence intervals (CI) were calculated for each varia-
ble. All p-values were two-sided, and p-values less than 0.05 
were considered statistically significant. 

Results

1. Comparison of PD-L1 (SP142) expression between pri-
mary and recurrent/metastatic TNBCs

Overall, 175 of the 365 cases (47.9%) were positive for 
PD-L1 (SP142) and 120 of the 175 PD-L1–positive cases 
(68.6%) showed high PD-L1 expression. Among 283 prima-

Eun Kyung Han, PD-L1 Expression in Primary and Metastatic TNBC

Table 1.  Clinicopathological characteristics of the patients 

Characteristic  No. (%)

Age at primary diagnosis (yr)  
    < 50 142 (45.8)
    ≥ 50 168 (54.2)
Sex 
    Female 310 (100)
    Male 0 (
Histologic type 
    Invasive carcinoma of no special type 272 (87.7)
    Metaplastic carcinoma 18 (5.8)
    Apocrine carcinoma 11 (3.5)
    Invasive lobular carcinoma 5 (1.6)
    Others 4 (1.3)
Histologic grade 
    II 51 (16.5)
    III 256 (82.6)
    Data not available 3 (1.0)
T category 
    Tx 2 (0.6)
    T1  74 (23.9)
    T2 173 (55.8)
    T3 32 (10.3)
    T4 28 (9.0)
    Data not available 1 (0.3)
N category  
    N0 138 (44.5)
    N1 90 (29.0)
    N2 41 (13.2)
    N3 40 (12.9)
    Data not available 1 (0.3)
Lymphovascular invasion 
    Present 85 (27.4)
    Absent 149 (48.1)
    Data not available 76 (24.5)
Perineural invasion 
    Present 17 (5.5)
    Absent 215 (69.4)
    Data not available 78 (25.2)
Tumor border 
    Pushing  65 (21.0)
    Infiltrative  167 (53.9)
    Data not available 78 (25.2)
TIL 
    < 10% 117 (37.7)
    ≥ 10% and < 50% 118 (38.1)
    ≥ 50% 51 (16.5)
    Data not available 24 (7.7)

(Continued)

Table 1.  Continued

Characteristic  No. (%)

p53 
    Positive 121 (39.0)
    Negative 101 (32.6)
    Data not available 88 (28.4)
CK5/6 
    Positive 144 (46.5)
    Negative 69 (22.3)
    Data not available 97 (31.3)
EGFR 
    Positive 90 (29.0)
    Negative 113 (36.5)
    Data not available 107 (34.5)

CK, cytokeratin, EGFR, epidermal growth factor receptor; TIL, 
tumor-infiltrating lymphocytes.
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ry tumors, 144 (50.9%) were PD-L1 positive. In contrast, of 
the 82 recurrent/metastatic cases, 31 (37.8%) were positive 
for PD-L1; four (57.1%) of the seven recurrent tumors and 
27 of the 75 metastatic tumors (36.0%) were PD-L1 positive. 
Primary TNBCs showed higher PD-L1 positivity than recur-
rent/metastatic TNBCs (p=0.037, chi-square test) (Fig. 1).

We analyzed the specimen type of primary and recurrent/
metastatic samples to check if the difference in PD-L1 expres-
sion was related to the difference in specimen type: 173 out 
of 283 primary samples (61.1%) and 35 out of 82 recurrent/
metastatic samples (42.7%) were biopsied samples. 

2. PD-L1 (SP142) expression and TIL levels according to 
recurrent/metastatic sites

Next, PD-L1 positivity and TIL levels were evaluated accor-
ding to the site of recurrence or metastasis (Table 2). Recur-
rent or metastatic sites were associated with PD-L1 positivity. 

PD-L1 positivity was high in the lung (58.3%), breast (57.1%), 
and soft tissue (57.1%), and intermediate in the lymph nodes 
(31.8%). Bone (0%), skin (0%), liver (11.1%), and brain (16.7%) 
were the sites with the lowest PD-L1 positivity. PD-L1 posi-
tivity showed a difference between the three groups which 
were classified based on PD-L1 positivity (p=0.001).

We also examined TIL levels in the 82 recurrent or meta-
static samples. TIL levels were variable but showed a differ-
ence according to recurrent or metastatic sites. Median TIL 
levels were high in the lung (30%), breast (10%) and soft tis-
sue (10%), intermediate in the lymph node (5%), and low in 
the bone, brain, liver, and skin (1% in all) (Table 2). TIL lev-
els were different among the three groups (high, intermedi-
ate and low TIL groups; p=0.002, Kruskal-Wallis test), with 
significant differences between intermediate and low TIL 
groups (adjusted p=0.045, Mann-Whitney U test), as well as 
between high and low TIL groups (adjusted p < 0.001, Mann-
Whitney U test). Collectively, TIL levels (< 10% vs. ≥ 10%) 
showed a close relationship with PD-L1 positivity in these 
recurrent or metastatic samples (9.1% vs. 71.1%; p < 0.001).

3. Paired comparison of PD-L1 (SP142) expression in the 
primary and matched recurrent/metastatic TNBCs

A paired comparison of PD-L1 expression between prima-
ry and matched recurrent/metastatic TNBC was performed 
in 55 cases. When the level of PD-L1 expression was com-
pared as a continuous variable, no significant difference was 
found (p=0.560, Wilcoxon signed-rank test).

Of the 55 paired samples, 22 (40.0%) were PD-L1 positive 
in both the primary and recurrent/metastatic tumors. How-
ever, 10 cases that were initially PD-L1 positive showed nega-
tive conversion in recurrent/metastatic tumors, and another 
10 cases that were initially PD-L1 negative showed positive 
conversion (Fig. 2). As a result, 20 cases (36.4%) showed dis-
cordant results between the primary and recurrent/meta-
static tumors. Negatively converted cases were distributed as 
follows: brain (n=1), lung/pleura (n=5), lymph node (n=1), 
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Table 2.  PD-L1 (SP142) positivity and TIL levels according to recurrent or metastatic sites

Site of recurrence or metastasis No. PD-L1–positive (n=31) PD-L1–negative (n=51) TIL levels (%) 

Bone 4 0 ( 4 (100) 1 (1)
Brain 6 1 (16.7) 5 (83.3) 1 (1-10)
Breast (recurrent) 7 4 (57.1) 3 (42.9) 10 (1-40)
Liver 9 1 (11.1) 8 (88.9) 1 (1-80)
Lung/Pleura 24 14 (58.3) 10 (41.7) 30 (1-90)
Lymph node 22 7 (31.8) 15 (68.2) 5 (1-80)
Skin 3 0 ( 3 (100) 1 (1)
Soft tissue 7 4 (57.1) 3 (42.9) 10 (1-80)
Values are presented as number (%) or median (range). PD-L1, programmed death-ligand 1; TIL, tumor-infiltrating lymphocyte.
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Fig. 1.  Comparison of programmed death-ligand 1 (PD-L1) 
(SP142) expression between primary and recurrent/meta-
static triple-negative breast cancers. Of a total of 365 cases, 175 
(47.9%) were positive for PD-L1 (SP142). Among the 283 pri-
mary tumors, 144 (50.9%) were PD-L1–positive, whereas four of 
the seven recurrent tumors (57.1%) and 27 of the 75 metastatic 
tumors (36.0%) were PD-L1–positive. 
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and skin (n=3). Positively converted cases were distributed 
as follows: breast (n=3), liver (n=1), lung/pleura (n=5), and 
soft tissue (n=1) (Table 3). 

In the paired analysis, twelve cases showed high PD-L1 
expression in the primary tumor and five (41.7%) of them 
showed negative conversion in metastasis. The remaining 
seven cases were positive for PD-L1 in the metastatic sites, 
five of which still showed high PD-L1 expression.

Among the paired 55 cases, five presented as synchronous 
metastasis and the remaining 50 presented as metachro-

nous metastasis. Two cases (2/5, 40.0%) in the synchrono-
usly metastasized group and 18 cases (18/50, 36.0%) in the 
metachronously metastasized group showed discordant PD- 
L1 status after metastatic progression.

4. Clinicopathological characteristics associated with PD- 
L1 (SP142) expression 

Using 283 primary TNBC cases, the clinicopathological 
features associated with PD-L1 expression were evaluated 
(Table 4). PD-L1 positivity was associated with invasive 

Eun Kyung Han, PD-L1 Expression in Primary and Metastatic TNBC

Table 3.  Change of PD-L1 (SP142) status by recurrent or metastatic site in paired comparison of primary and matched recurrent/meta-
static samples

Site of recurrence  No.   Positive in  Positive Negative Negative in 
  or metastasis (n=55) both (n=12) conversion (n=10) conversion (n=10) both (n=23)

Bone 2 0 ( 0 ( 0 ( 2 (100)
Brain 3 0 ( 0 ( 1 (33.3) 2 (66.7)
Breast (recurrent) 5 0 ( 3 (60.0) 0 ( 2 (40.0)
Liver 5 0 ( 1 (20.0) 0 ( 4 (80.0)
Lung/Pleura 18 5 (27.8) 5 (27.8) 5 (27.8) 3 (16.7)
Lymph node 12 4 (33.3) 0 ( 1 (8.3) 7 (58.3)
Skin 3 0 ( 0 ( 3 (100) 0 (
Soft tissue 7 3 (42.9) 1 (14.3) 0 ( 3 (42.9)

Values are presented as number (%). PD-L1, programmed death-ligand 1.

Fig. 2.  Representative cases of positive and negative conversion of programmed death-ligand 1 (PD-L1) (SP142) expression in the meta-
static sites. (A, B) A case with negative conversion. Primary tumor (A) shows PD-L1 positivity, while metastatic tumor to the skin (B) shows 
PD-L1 negativity. (C, D) A case showing positive conversion. Primary tumor (C) is negative for PD-L1 and metastatic tumor in the chest 
wall (D) is positive for PD-L1.

A

C

B

D
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Table 4.  Clinicopathological characteristics associated with PD-L1 (SP142) positivity 

Characteristic PD-L1–positive (n=144) PD-L1–negative (n=139) p-value

Age at primary diagnosis (yr)
    < 50 73 (50.7) 58 (41.7) 0.130
    ≥ 50 71 (49.3) 81 (58.3) 
Histologic type   
    IC-NST  134 (93.1) 116 (83.5) 0.012
    IC-ST 10 (6.9) 23 (16.5) 
Histologic grade   
    II    7 (4.9) 40 (28.8) < 0.001
    III 137 (95.1) 99 (71.2) 
T category   
    T1-2  127 (88.2) 104 (74.8) 0.004
    T3-4 17 (11.8) 35 (25.2) 
N category   
    N0 72 (50.0) 61 (43.9) 0.303
    N1-3 72 (50.0) 78 (56.1) 
Lymphovascular invasion   
    Present 31 (21.5) 43 (30.9) 0.095
    Absent 77 (53.5) 66 (47.5) 
    Data not available 36 (25.0) 30 (21.6) 
Perineural invasion   
    Present 7 (4.9) 9 (6.5) 0.590
    Absent 101 (70.1) 98 (70.5) 
    Data not available 36 (25.0) 32 (23.0) 
Tumor border   
    Pushing  42 (29.2) 20 (14.4) 0.001
    Infiltrative  67 (46.5) 86 (61.9) 
    Data not available 35 (24.3) 33 (23.7) 
TIL    
    < 10% 29 (20.1) 79 (56.8) < 0.001
    ≥ 10% 108 (75.0) 56 (40.3) 
    Data not available 7 (4.9) 4 (2.9) 
p53 overexpression   
    Positive 56 (38.9) 56 (40.3) 0.555
    Negative 53 (36.8) 45 (32.4) 
    Data not available 35 (24.3) 38 (27.3) 
CK5/6   
    Positive 73 (50.7) 60 (43.2) 0.393
    Negative 33 (22.9) 35 (25.2) 
    Data not available 38 (26.4) 44 (31.7) 
EGFR   
    Positive 40 (27.8) 43 (30.9) 0.206
    Negative 62 (43.1) 46 (33.1) 
    Data not available 42 (29.2) 50 (36.0) 
Values are presented as number (%). p-values are calculated by chi-square test or Fisher’s exact test. CK, cytokeratin; EGFR, epidermal 
growth factor receptor; IC-NST, invasive carcinoma of no special type; IC-ST, special types of invasive carcinoma; PD-L1, programmed 
death-ligand 1; TIL, tumor-infiltrating lymphocyte. 
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carcinoma of no special type (invasive carcinoma of no spe-
cial type vs. special types of invasive carcinoma, p=0.012 by 
chi-square test), higher histologic grade (II vs. III, p < 0.001), 
lower T category (T1-2 vs. T3-4, p=0.004), pushing border 
(p=0.001), and higher TIL infiltration (< 10% vs. ≥ 10%, p < 
0.001). 

5. Prognostic significance of PD-L1 expression in primary 
TNBCs 

Among the 283 primary TNBCs, 264 were included in the 
survival analyses. Of the 19 excluded cases, 17 presented 
with synchronous metastasis, one could not be resected due 
to deterioration of the patient’s condition, and another was 
non-operable at the time of presentation. In the 264 cases, 
median follow-up was 2.3 years (range, 0.4 to 18.2 years). 

Of these, 156 were treated with NAC before surgery. Among 
them, 27 cases presented with recurrence afterwards, and 
four patients died. The remaining 108 patients underwent 
upfront surgery without NAC, 34 of whom experienced 
recurrence and six of whom died. 

The Kaplan-Meier survival curve for recurrence-free sur-
vival showed increased survival time in the PD-L1–positive 
group than in the PD-L1–negative group (p=0.049 by log-
rank test) (Fig. 3A). Especially, PD-L1 high tumors (≥ 5% IC) 
showed favorable survival compared to non–PD-L1 high 
tumors (p=0.005, log-rank test) (Fig. 3B). The survival curve 
for cancer-specific survival tended to show increased sur-
vival in the PD-L1 positive group, but the difference was not 
statistically significant (p=0.140, log-rank test).

In univariate analyses of recurrence-free survival, age, T 
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Fig. 3.  Kaplan-Meier survival curve for recurrence-free survival according to programmed death-ligand 1 (PD-L1) (SP142) status. (A) 
Kaplan-Meier survival curve shows increased survival time in the PD-L1–positive group compared to PD-L1–negative group (p=0.049 by 
log-rank test). (B) PD-L1 high tumors show better survival compared to non–PD-L1 high tumors (p=0.005 by log-rank test). 
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Table 5.  Univariate and multivariate analyses of recurrence-free survival

Variable
                          Univariate analysis                           Multivariate analysis

 HR (95% CI) p-value HR (95% CI) p-value

Age (< 50 yr vs. ≥ 50 yr) 0.582 (0.349-0.970) 0.038 0.582 (0.334-1.012) 0.055
Histologic type (IC-NST vs. IC-ST) 0.868 (0.373-2.018) 0.741 - -
Histologic grade (II vs. III) 1.605 (0.729-3.530) 0.240 - -
T category (T1-2 vs. T3-4) 2.113 (1.134-3.936) 0.018 0.871 (0.401-1.891) 0.728
N category (N0 vs. N1-3) 2.169 (1.264-3.723) 0.005 1.711 (0.951-3.079) 0.073
LVI (absent vs. present) 3.237 (1.893-5.537) < 0.001 2.523 (1.431-4.448) 0.001
PNI (absent vs. present) 2.208 (1.041-4.682) 0.039 1.054 (0.451-2.463) 0.904
Tumor border (pushing vs. infiltrative) 1.515 (0.794-2.888) 0.207 - -
TIL (< 10% vs. ≥ 10%) 0.514 (0.305-0.866) 0.012 0.624 (0.348-1.118) 0.113
PD-L1 positivity (< 1% IC vs. ≥ 1% IC) 0.600 (0.359-1.003) 0.052 - -
PD-L1 high expression (< 5% IC vs. ≥ 5% IC) 0.412 (0.219-0.776) 0.006 0.422 (0.205-0.872) 0.020
p-values are calculated by Cox proportional haz ards model using the backward stepwise selection method. CI, confidence interval; HR, 
hazard ratio; IC, immune cell; IC-NST, invasive carcinoma of no special type; IC-ST, special types of invasive carcinoma; LVI, lymphovas-
cular invasion; PD-L1, programmed death-ligand 1; PNI, perineural invasion; TIL, tumor-infiltrating lymphocyte.
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category, N category, lymphovascular invasion, perineural 
invasion, TIL, and PD-L1 high expression were found to be 
statistically significant prognostic factors (Table 5). In mul-
tivariate analyses of recurrence-free survival, lymphovascu-
lar invasion (HR, 2.523; 95% CI, 1.431 to 4.448; p=0.001) and 
PD-L1 high expression (HR, 0.422; 95% CI, 0.205 to 0.872; 
p=0.020) remained independent prognostic factors (Table 5). 

Discussion

Our study demonstrated that primary TNBCs were 
more likely to be PD-L1 (SP142)–positive than recurrent/
metastatic TNBCs. In this study, 50.9% of primary TNBCs 
and 36.0% of metastatic TNBCs were PD-L1–positive. This 
result is in concordance with previous studies that showed 
higher PD-L1 IC positivity in primary TNBCs (44.0%-62.0%) 
compared to metastatic ones (31.0%-42.2%) [12-14]. PD-L1 
positivity in TNBC has been reported to be associated with 
increased stromal TILs [13]. Previous studies have shown 
that there are some differences in the immune microenviron-
ment in primary and metastatic breast cancer with lower TIL 
in metastatic lesions [19-21], which might have caused the 
difference. 

It is well known that PD-L1 expression in tumors can be 
spatially heterogeneous, and it has been reported that PD-L1 
(SP142) IC positivity in surgical samples is statistically higher 
than in biopsied samples [22]. When we analyzed the speci-
men type of primary and recurrent/metastatic samples, pri-
mary samples consisted more of biopsied samples compared 
to recurrent/metastatic samples (61.1% vs. 42.7%). There-
fore, lower PD-L1 positivity in metastatic samples might not 
be related to the specimen type. 

Another study using 30 matched paired primary and 
metastatic TNBC samples suggested that the time of sample 
collection may influence PD-L1 positivity, with PD-L1 status 
agreement being higher in synchronously collected cases 
(80%) than in asynchronously collected cases (75%) [17]. Of 
the 55 paired samples, discordance in PD-L1 status was 40% 
in synchronous metastases and 36% in metachronous metas-
tases, suggesting that the timing of sample collection may 
not have an influence on changes in PD-L1 status.  

In the present study, recurrence or metastatic sites was 
associated with PD-L1 positivity, with high PD-L1 positiv-
ity in breast, lung, and soft tissue, and low PD-L1 positiv-
ity in bone, brain, liver, and skin. Although PD-L1 expres-
sion in other sites varied among studies, low positivity in 
the liver has consistently been noted, ranging from 13% to 
17.4% [12-14]. In our study, similar results were found, with 
11.1% of liver samples being PD-L1 positive. We wondered 
whether the varying distribution of TILs in metastatic TNBC 

across organs could explain the observed differences in 
PD-L1 expression. In one relevant study on TNBCs, TIL lev-
els were found to be highest in the lung and lowest in the 
skin, although the difference was not statistically significant 
[23], and in another study on breast cancer including other 
subtypes, brain metastases had a lower amount of TILs com-
pared to metastatic breast cancers of other locations [20]. Our 
study showed similar results to the previous studies, with 
high level of TILs in the lung, and low level of TILs in the 
bone, brain, liver, and skin. Thus, it is possible that different 
PD-L1 positivity according to metastatic sites is related to TIL 
infiltration levels in the metastatic sites. 

Hoda et al. [13] have shown a discordance in PD-L1 
(SP142) expression in four out of eight paired primary and 
second site TNBCs, although this result was limited due 
to the small number of cases. In their study, all discordant 
cases showed negative conversion. However, it should be 
noted that out of these four cases, three were from the liver, 
and one was from bone, both of which sites are known to 
show low positivity for PD-L1 [13]. In one systemic review 
on breast cancer, discordance in PD-L1 expression in paired 
primary and metastatic tumors was reported to be 39.5% and 
the direction of change was more commonly from PD-L1 
positive primary tumor to PD-L1 negative metastasis [24]. 
Recently, Miyakoshi et al. [18] reported the concordance of 
PD-L1 status between primary tumors and metastases in 160 
patients with TNBC, including 45 paired samples. In their 
study, 16 of the 45 paired samples (35.6%) showed discord-
ance for PD-L1 (SP142) with seven cases of positive conver-
sion and nine cases of negative conversion in metastasis [18], 
which was consistent with the findings of our study. We used 
55 paired samples for matched comparison, and there was a 
discordance of PD-L1 (SP142) expression in 20 out of 55 cases 
(36.4%). In addition to the 10 negatively converted cases, 
there were 10 positively converted cases. These results sug-
gested that PD-L1 status in primary TNBC samples cannot 
reliably predict its status in recurrent or metastatic samples. 
We also evaluated changes in PD-L1 status according to the 
recurrent/metastatic sites, but the number of cases was too 
small to observe a trend of change. However, it is worth not-
ing that more than half of the recurrent samples in the breast 
were positively converted, and all three metastatic samples in 
the skin were negatively converted. The type of recurrent or 
metastatic site and its immune microenvironment appear to 
be related to PD-L1 status in recurrent or metastatic tumors. 

In IMpassion130 trial, combining atezolizumab in PD-L1 
IC-positive TNBC cases showed a clinical benefit regardless 
of whether the sample was from primary or metastatic tumor 
[12]. Taking into account these findings, the question of 
which tissue should be used for evaluation of PD-L1 (SP142) 
expression arises. One expert committee recommended that 
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the primary tumor should be primarily evaluated for PD-L1 
expression and if the result is negative, at least one metastatic 
tumor should be tested [25]. They also mentioned the pri-
ority of choosing the site for PD-L1 testing should be given 
according to the positivity [25]. Based on the post-hoc analy-
sis of the IMpassion130 trial in which PD-L1 positivity was 
the highest in the lymph nodes (51%), they designated the 
lymph node as the sample of choice for PD-L1 evaluation 
in metastasis [25]. However, only 31.8% of the lymph node 
samples were positive for PD-L1 in our study. This may be 
due to the difference in delimiting the tumor area and stroma 
in the lymph nodes, as they are rich in ICs. Despite this dif-
ference, we agree that multiple sites of the tumor may need 
to be tested to maximize the patients’ chances of receiving 
immunotherapy. However, inhomogeneous PD-L1 expres-
sion at different metastatic sites may be associated with var-
ied responses to immune checkpoint inhibitor, and further 
studies are needed. 

In the present study, PD-L1 expression was associated 
with invasive carcinoma of no special type, higher histologic 
grade, lower T category, pushing border, and higher percent-
age of TILs. In addition, high PD-L1 expression is associated 
with longer recurrence-free survival. The prognostic value 
of PD-L1 expression in breast cancer patients remains con-
troversial. Some studies have reported that PD-L1 expres-
sion in non-metastatic TNBC leads to better recurrence-free 
survival and overall survival, while another study showed 
that its expression in TNBC was an independent poor prog-
nostic factor for overall survival [26-28]. The reason why 
PD-L1 expression was related to better prognosis in this 
study remains unclear. One possible explanation is that 
PD-L1 expression was related to some favorable features in 
our study, such as lower T category and higher percentage 
of TIL. In particular, TIL are potential prognostic factors in 
TNBC, as a high percentage of TILs is associated with a bet-
ter response to NAC and improved survival in early-stage 
TNBCs [29,30]. 

In summary, our study showed that PD-L1 (SP142) expres-

sion is lower in recurrent/metastatic TNBCs and that there 
is a discordance in PD-L1 (SP142) expression in primary and 
recurrent/metastatic TNBCs, suggesting that multiple sites 
may need to be tested for PD-L1 when atezolizumab therapy 
is being considered. PD-L1 (SP142) positivity, especially high 
PD-L1 positivity, appears to be associated with favorable 
clinical outcomes in TNBCs.
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