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Abstract: The atezolizumab (Tecentriq), a humanized antibody against human programmed death ligand 1 (PD-L1), 
combined with nab-paclitaxel was granted with accelerated approval to treat unresectable locally advanced or meta-
static triple-negative breast cancer (TNBC) due to the encouraging positive results of the phase 3 IMpassion130 
trial using PD-L1 biomarker from immune cells to stratify patients. However, the post-market study IMpassion131 
did not support the original observation, resulting in the voluntary withdrawal of atezolizumab from the indication in 
breast cancer by Genentech in 2021. Emerging evidence has revealed a high frequency of false negative result us-
ing the standard immunohistochemical (IHC) staining due to heavy glycosylation of PD-L1. The removal of glycosyl-
ation prevents from the false negative staining, enabling more accurate assessment of PD-L1 levels and improving 
prediction for response to immune checkpoint therapy. In the present study, the natural and de-glycosylated PD-L1 
expression in tumor and immune cells from nine TNBC patients were analyzed by using clone 28-8 monoclonal an-
tibody to correlate with treatment outcome. Our results demonstrate that: (1) Removal of the glycosylation indeed 
enhances the detection of PD-L1 by IHC staining, (2) The PD-L1 levels on tumor cell surface after removal of the 
glycosylation correlates well with clinical responses for atezolizumab treatment; (3) The criteria used in the IMpas-
sion130 and IMpassion131 trials which scored the natural PD-L1 in the immune cells failed to correlate with the 
clinical response. Taken together, tumor cell surface staining of PD-L1 with de-glycosylation has a significant cor-
relation with the clinical response for atezolizumab treatment, suggesting that treatment of atezolizumab may be 
worthy of further consideration with de-glycosylation procedure as a patient stratification strategy. A larger cohort 
to validate this important issue is warranted to ensure right patient population who could benefit from the existing 
FDA-approved drugs.
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Introduction

Immune checkpoint blockade (ICB) has be- 
come the mainstay of therapeutic strategy to 

treat advanced cancer [1]. Clinical observations 
across multiple cancer types demonstrate that 
inhibition of immune checkpoints results in 
unprecedentedly sustained responses in a sub-

http://www.ajcr.us


Tumor membrane de-glycosylated PD-L1 as a biomarker for atezolizumab response

124	 Am J Cancer Res 2022;12(1):123-137

population of patients. Functioning as immune 
checkpoint inhibitors (ICIs), the anti-PD-1/
PD-L1 monoclonal antibodies (Mabs) block the 
interaction between PD-1 and PD-L1 and pro-
tect T cells from immune suppression in the 
tumor microenvironment in multiple cancer 
types. In spite of the promise, however, most 
tumors in humans do not respond to PD-1/
PD-L1-targeted therapies. For breast cancer, it 
was not until recently were the anti-PD-L1/
PD-1 Mabs, atezolizumab (Tecentriq) and pem-
brolizumab (Keytruda) approved with the thera-
peutic indications by the US Food and Drug 
Administration (FDA) as ICIs. 

Atezolizumab was the first immunotherapy 
medicine approved to treat breast cancer. It 
was granted with accelerated approval in 2019 
by FDA to be used in combination with nab-
paclitaxel (Abraxane) to treat unresectable 
locally advanced or metastatic triple-negative, 
PD-L1-positive breast cancer. This approval 
was based on the IMpassion130 trial (NCT02- 
425891) [2], which demonstrated that atezoli-
zumab plus nab-paclitaxel prolonged progres-
sion-free survival (PFS) among patients in both 
the intention-to-treat (ITT) population and the 
subgroup of patients with PD-L1-positive tu- 
mors [3]. Significant benefit in overall survival 
(OS) was observed in the PD-L1-positive sub-
group but not in the ITT population as a whole. 
In the study, PD-L1 positivity was defined by 
≥1% of the proportion of tumor area being 
occupied by PD-L1 expressing tumor-infiltrating 
immune cells (% IC) of any intensity (SP142 
PD-L1 immunohistochemical assay, Ventana 
Medical Systems, Roach) [4]. Continued accel-
erated approval would depend on the results  
of the post-market study IMpassion131, a  
double-blind placebo-controlled randomized 
phase III trial of first-line taxol/paclitaxel with 
and without atezolizumab for unresectable 
locally advanced or metastatic triple-negative 
breast cancer (NCT03125902). Unfortunately, 
IMpassion131 did not find improvement in PFS 
or OS by the treatment of atezolizumab plus 
paclitaxel compared to the placebo plus pacli-
taxel arm [5]. This result led to the voluntary 
withdrawal of atezolizumab from the indica- 
tion in breast cancer by Genentech in 2021. 
The reasons for not observing the same be- 
nefit of atezolizumab plus nab-paclitaxel in  
the IMpassion130 study are not yet clear [5]. 
Atezolizumab has been tested and shown effec-
tive in other cancer types. Its early withdrawal 
from the indication of breast cancer treatment 

constitutes an unmet medical need warranting 
further investigation to understand the underly-
ing cause in a timely manner.

Expression of tumoral PD-L1 is an important 
prerequisite for the effectiveness of PD-L1-
targeting ICI treatments [6]. We have reported 
that the cell surface PD-L1 in tumor cells is 
heavily modified by N-glycosylation in the extra-
cellular domain [7]. The glycosylation increases 
PD-L1 protein stability, hence its immune sup-
pression function; and targeting the glycosylat-
ed PD-L1 (gPD-L1) results in exceptional anti-
tumor activity in immune competent mouse 
models [7-11]. Importantly, glycosylated PD-L1 
eludes the standard detection method of PD-L1 
by immunohistochemical (IHC) staining with 
anti-PD-L1 antibodies, resulting in underesti-
mation of PD-L1 expression in the tumor tis-
sues. It was estimated that about 50% of can-
cer patients across the board have their tumor 
PD-L1 underestimated [10]. These “PD-L1 
false-negative” tumors, which actually express 
relatively high levels of PD-L1 and, therefore, 
are likely responsive to anti-PD-L1 therapies, 
would be unfortunately excluded from the ther-
apy based on the current protocol. Similar con-
clusion was further supported by later reports 
[12, 13].

To overcome this obstacle, we have employed a 
de-glycosylation protocol in IHC staining which 
removes the glycosylation in tissue sections 
with the de-glycosylation enzyme before stain-
ing with the anti-PD-L1 antibodies [10]. As  
demonstrated in multiple cancer types, de-gly-
cosylation facilitates PD-L1 detection to better 
assess the actual levels of cell surface PD-L1, 
which better correlates with the response to ICI 
therapies than the level of natural PD-L1, which 
was underestimated by the standard IHC stain-
ing without de-glycosylation procedure [8, 12, 
13]. In the current study, primary tumor tissues 
were collected from nine Taiwanese patients 
with advanced breast cancer including triple-
negative breast cancer (TNBC) whose tumors 
have progressed on prior targeted therapies or 
chemotherapies and subject to atezolizumab 
treatment. The tumor tissues prior to atezoli-
zumab treatment were assessed by IHC for the 
natural and de-glycosylated PD-L1. The expres-
sion of PD-L1 in the tumor-infiltrating immune 
cells (% IC protocol) and the tumor cells (H 
score and tumor proportion score/TPS) was 
scored and their correlations with treatment 
response were compared.
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Materials and methods

Patients and tumor specimens

Nine TNBC patients for whom the PD-L1 im- 
mune cell (IC) score <1% by SP142 staining 
were enrolled in this study. In eight metastatic 
patients, all of the cases received at least first 
line chemotherapy. The other case was given 
the neoadjuvant chemotherapy (NACT) with im- 
munotherapy which is based on IMpassion031 
trial. We followed up the computed tomography 
(CT) imaging at time of before the treatment 
and 3 months after the first treatment for 
metastasis patients. CT image for the NACT 
case was before treatment and before opera-
tion. Evaluation of treatment response was 
based on the Response Evaluation Criteria in 
Solid Tumors (RECIST) guidelines (version 1.1). 
All paraffin sections were selected from the 
Department of Pathology, Kaohsiung Medical 
University Hospital, Kaohsiung, Taiwan. Insti- 
tutional Review Board (IRB) approval for using 
these tissues in this study was given by the 
Research Ethics Committee of the Kaohsiung 
Medical University Hospital (IRB: KMUHIRB-
E(I)-20180237, KMUHIRB-E(I)-20200107, and 
KMUHIRB-E(I)-20210245).

De-glycosylation and immunohistochemical 
staining

Staining for PD-L1 was conducted by following 
the previous report with minor modifications 
[10]. Briefly, formalin-fixed paraffin-embedd- 
ed tissue sections (5 μm) were heated by incu-
bating at 65°C for 1 h. The sections were then 
deparaffinized and dehydrated by xylene (incu-
bated for 5 min, twice), then washed in pure 
ethanol twice (with the second time soaked  
for 5 min), followed by washing in 95% ethanol 
twice (with the second time soaked for 5  
min), followed by soaking in 75% ethanol for 5 
min, then soaking in 50% ethanol for 5 min. 
Finally, the slides were washed in water twice 
(with the second time soaked for 5 min). An- 
tigen retrieval was conducted by heating in a 
steamer for 10 min in 1× trilogy buffer (Merck, 
Cat. 920P). The slides were then cooled down 
and washed three times with PBS, followed by 
incubation in glycoprotein denaturing buffer at 
room temperature for 3 h and then washed 
three times with PBS. The tissues were then 
treated with 5% PNGase F dissolved in glycosyl-
ation buffer containing 20% 10× GlycoBuffer 2 
(NEB, Cat. P0704) and 10% NP-40 in double-

distilled water at 37°C for 4~8 h and then 
washed five times with PBS. The tissues we- 
re quenched with 3% H2O2 in double-distilled 
water for 10 min, followed by washing three 
times in PBS. The tissues were blocked with 5% 
goat serum in PBS at room temperature for 1 h, 
followed by application of the primary antibody 
of anti-PD-L1 (28-8, abcam205921) at 1:100 
in the blocking buffer at 4°C for overnight. The 
slides were washed three times in PBS and the 
secondary antibody of biotinylated goat-anti-
rabbit IgG (1:1000) was applied at room tem-
perature for 1 h. After washing for three times 
in PBS, the immune complexes were amplified 
with the ABC kit for 1 h, then washed three 
times in PBS, followed by adding the DAB 
(3,3’-Diaminobenzidine) chromogen and incu-
bated for 5 min. Hematoxylin was then added 
for counterstaining and incubated for 1 min. 
The slides were washed in running water for 10 
min, followed by dehydration of serial incuba-
tions in ethanol of 75% (3 min), 95% (1 min), 
95% (3 min), 100% (1 min), 100% (3 min), twice 
in xylene (10 min each). The slides were then 
mounted for examination under microscope.

Scoring

TPS (tumor proportion score), H-score-M (H- 
score of counting membranous staining only), 
H-score-M+C (H-score of counting both mem-
branous and cytoplasmic staining), and IC sc- 
ore (immune cell score) were evaluated by an 
experienced pathologist according to the cur-
rent published guidelines without the informa-
tion of patients’ clinical course and treatment 
response. The TPS by definition is the percent-
age of PD-L1-positive tumor cells with partial or 
complete membranous staining pattern from 
all the tumor cells in the section, which was 
widely used in the lung cancer studies and clini-
cal trials [14, 15]. The IC score stands for the 
percentage of tumor area (composed of intra-
tumoral component and peritumoral stroma) 
occupied by PD-L1-positive immune cells with 
any intensity [3]. In other words, the space infil-
trated by immune cells including lymphocytes, 
macrophages, dendritic cells, and granulocytes 
stained with punctate, linear, or circumferential 
patterns is the numerator, and the total tumor 
area is the denominator. If the IC score is more 
than 1, the result is defined as positive and  
the patient is eligible for anti-PD-L1 (atezoli-
zumab) in the clinical practice. The assessment 
of H-score used in this study was similar to the 
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H-score in previous studies [10, 16], but we fur-
ther separated the H-score into H-score-M and 
H-score-M+C. The H-score was the sum of 
products of the average percentage of PD-L1-
positive cells with different staining intensity 
and the intensity score by using the following 
formula: H-score = [1× (% of PD-L1 positive 
cells with intensity category 1)] + [2× (% of 
PD-L1 positive cells with intensity category 2)] 
+ [3× (% of PD-L1 positive cells with intensity 
category 3)]. The average percentage of tumor 
cells with different intensity was obtained by 
randomly choosing ten different filed at 400× 
magnification, then counting the total number 
of cells in each field and the number of cells 
belonged to each intensity, and finally calculat-
ing the average percentage of these fields. The 
final H-score will be ranged from 0 to 300. The 
representative examples of different intensity 
category were shown in Figure 1. The evalua-
tion of the tumor infiltrating lymphocytes (TILs) 

followed the standardized protocol established 
by International Immuno-Oncology Biomarkers 
Working Group in 2017 [17]. In brief, we evalu-
ated the average percentage of the stromal 
component occupied by mononuclear cells 
(including lymphocytes and plasma cells) within 
the borders of the invasive tumor at 200× or 
400× magnification. The TILs in the areas of 
intra-tumoral region, necrosis, crush artifacts, 
hyalinization are excluded. Then we categorized 
these cases into three groups with the TILs of 
<10%, 10-50%, and >50%.

Statistical analysis

The variation between de-glycosylated and nat-
ural value of H-score and TPS were illustrated 
using line plot, and the fold change (FC) 
between de-glycosylated and natural score is 
computed by subtracting the mean score 
between de-glycosylated and natural value of 

Figure 1. The representa-
tive case examples with 
different scores and per-
centages of H-score (M), 
H-score (M+C), IC score, 
and TPS stained with PD-
L1 28-8 monoclonal anti-
body.
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H-score and TPS. Wilcoxon signed rank test 
was used to estimate the difference of de-gly-

cosylated and natural value of H-score and TPS 
(Figure 3A-D). The exact value of de-glycosylat-

Figure 2. Representative photos of PD-L1 immunohistochemical staining with and without deglycosylation by 
PNGase F (5%) of patients #1, 2, 5 and 8. A. TPS score/H-score (membranous) of the cases (stained with PD-L1 
28-8 monoclonal antibody, 100× and 400×). B. IC score of the cases (stained with PD-L1 28-8 and SP142 clonal 
antibody, 400×).
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Figure 3. PD-L1 detection was significantly enhanced after deglycosylation. (A) H-score-M of PD-L1, (B) TPS of PD-L1, (C) H-score of PD-L1-M+C, and (D) IC of PD-L1 
with or without deglycosylation in all samples. (E) H-score of PD-L1-M, (F) TPS of PD-L1, (G) H-score-M+C of PD-L1, and (H) IC of PD-L1 with or without deglycosylation 
in subgroup according to the best response for atezolizumab. Fold changes (FC) is the subtraction of the mean score between deglycosylated and natural value of 
each measurements. (I) Quantification of TPS (upper) and H-score-M (lower) of IHC staining for nine TNBC patients processed with or without PNGase F pretreat-
ment. P-value was estimated using Wilcoxon signed rank test.
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the first disease-progress date or the end date 
of study (Figure 4B-E). The PFS difference be- 
tween subgroup dichotomous by ROC derived 
optimal cut-off were estimated using Kaplan-

ed and natural value of H-score and TPS in 
each patient were illustrated in bar diagrams 
(Figure 3I). In Table 2, the receiving operating 
characteristics (ROC) analysis was used to 

Table 1. The value change of TPS, H-score-M, an IC before and after deglycosylation of the present 
nine cases

TPS w/o 
DG*

TPS with 
DG*

H-score-M 
w/o DG*

H-score-M 
with DG* IC w/o DG** IC with DG* Best response

No.1 0.910 3.760 1.3 25.5 IC<1 IC≥1, <5 CR
No.2 0.957 1.240 0.9 2.4 IC<1 IC≥1, <5 CR
No.3 0.076 5.700 0.2 13.7 IC<1 IC<1 PR
No.4 1.085 8.600 2.6 16.5 IC<1 IC<1 PR
No.5 0.157 2.440 0.2 1.5 IC<1 IC≥1, <5 SD
No.6 3.868 5.310 3.5 7.2 IC<1 IC≥10 SD
No.7 1.485 6.791 0.3 14.1 IC<1 IC≥5, <10 SD
No.8 0.414 0.589 0.6 0.9 IC<1 IC<1 PD
No.9 0.293 0.839 0.2 1.6 IC<1 IC<1 PD
Abbreviation: M: membranous staining; IC: immune cells; TPS: tumor proportion score; DG: deglycosylation; w/o: without; CR: 
complete response; SD: stable disease; PD: progressive disease. *Stained with PD-L1 28-8 clonal antibody. **Stained with PD-
L1 28-8 and SP142 clonal antibody.

Table 2. The comparison of the performance of the median and receiving operating characteristics 
(ROC) derived optimal cut-off point in predicting the best response for atezolizumab

Score Cut-off point AUC Sensitivity (Sen) Specificity (Spe) Accuracy
Medium H-score ≤0.6 0.714 1.000 0.571 0.67

Deglycosylated H-score ≤7.2 0.929 1.000 0.571 0.67
TPS ≤0.91 0.714 1.000 0.571 0.67

Deglycosylated TPS ≤3.76 1.000 1.000 0.571 0.67
Optimal H-score ≤0.6 0.714 1.000 0.571 0.67

Deglycosylated H-score ≤1.6 0.929 1.000 0.857 0.89
TPS ≤0.414 0.714 1.000 0.714 0.78

Deglycosylated TPS ≤0.839 1.000 1.000 1.000 1.00
Sensitivity indicates true positive rate, specificity indicates true negative rate. AUC, area under curve. Bold fonts indicates the 
better performance in optimal cutpoint were found in predicting the best response for Atezolizumab comparing to the median 
cutpoint.

Table 3. Comparison of the treatment response by 
ROC derived subgroup in each measurement

Measurement Type ROC cutoff  
comparison p

w/o DG H-score-M ≤0.6 vs >0.6 0.444
DG H-score-M ≤1.6 vs >1.6 0.083
w/o DG TPS ≤0.414 vs >0.414 0.167
DG TPS ≤0.839 vs >0.839 0.028
w/o DG H-score-M+C ≤41 vs >41 0.444
DG H-score-M+C ≤177 vs >177 0.444
w/o DG IC ≤0 vs >0.5 0.222
DG IC ≤0.5 vs >0.5 0.167
P-value is estimated using Fisher’s exact test.

derive optimal cut-off point in predicting 
the best response for atezolizumab. The 
performance of the median and ROC 
derived optimal cut-off point were com-
pared using the area under curve (AUC), 
sensitivity (true positive rate), specificity 
(false negative rate), and accuracy (Table 
2). In addition, the correlation of the ROC-
determined treatment response subgroup 
and best treatment response for atezoli-
zumab in each measurement were esti-
mated using Fisher’s exact test (Table 3). 
The progression-free survival (PFS) was 
considered as the primary endpoint, and 
the PFS interval is tracked from the in- 
itial date of atezolizumab treatment until 
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Figure 4. Lower PD-L1 levels by TPS scoring were associated with worse PFS. (A) The sustained response to atezolizumab of the present nine cases. The PFS esti-
mation for the ROC-derived (B) natural TPS, (C) deglycosylated TPS subgroups, (D) natural and (E) deglycosylated H-score-M subgroup, P-value was estimated using 
log-rank test. (F) Representative images of computed tomography (CT) scan from patients #1, 3 and 8 from pre- and post-anti-PD-L1 (atezolizumab) immunotherapy.
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Meier estimator, and tested using log-rank test. 
The median follow-up interval since initial drug 
used for disease-progress was reported. A 
P-value less than 0.05 was considered statisti-
cally significance, and all P-values were two-
sided. All analyses were performed using R 
software 4.0.2 (R core team, 2021).

Results

Patient characteristics and IHC methods

Nine TNBC patients who had PD-L1 immune 
cell (IC) <1% by SP142 staining were included in 
the study (Table 1). Eight metastatic patients 
had received at least first line chemotherapy 
and yet still had progressive disease. The 
remaining case was given the neoadjuvant che-
motherapy (NACT) with immunotherapy which 
is based on IMpassion031 trial.

IC (immune cells) scoring was stained by SP142 
following the IMpassion130 and 131 trials. 
Four scoring systems were used to analyze the 
IHC staining of PD-L1: TPS, H-score-M (H score 
of membranous staining, M), H-score-M+C (H 
score of membranous and cytoplasmic stain-
ing, M+C) and IC scoring were stained by Mab 
28-8 in this present study. The intensities of 
PD-L1 were defined in four categories (Figure 
1). First, membrane staining intensity (0, 1+, 
2+, or 3+) of H-score-M and H-score-M+C was 
determined for each tissue in 10 fields. The IC 
score (0-1%, 1-5%, 5-10% and >10%) was cal-
culated by the percentage of area infiltrated  
by the membranous PD-L1-positive immune 
cells in the total tumor area regardless of the 
staining intensity. The TPS (0-1%, 1-5% and 
5-10%) was defined by the percentage of mem-
branous PD-L1 expressing tumor cells in all 
tumor cells of the section regardless of the 
staining intensity.

Initial assessment of treatment response with 
de-glycosylated PD-L1 levels in tumor cell sur-
face

As mentioned above, the 1% cut-off of PD-L1 
level in IC was assessed by SP142 in predicting 
response to atezolizumab for TNBC based on 
the criteria of IMpassion130 and 131. In order 
to validate whether removal of N-linked glyco-
sylation improved the prediction of response to 
atezolizumab, de-glycosylation (DG) of the tis-
sue sections was performed by PNGase F treat-

ment before detecting PD-L1 by IHC with Mab 
28-8 as reported previously [10]. A few exam-
ples were shown in Figure 2 and summarized in 
Table 1. “Best response” was defined and eval-
uated 3 months after the treatment by CT scan. 
The results showed that two out of the nine 
patients (#8 and #9) had progressed disease 
(PD), while the best response in the other 7 
patients either had their tumors completely 
responded (CR) (#1 and #2), partially respond-
ed (PR) (#3 and #4), or with a stable disease 
(SD) (#5, #6, and #7). Interestingly, based on 
the 1% cut-off of PD-L1 level in IC from the cri-
teria in IMoassion130 and 131, none of the 9 
patients were eligible for treatment by atezoli-
zumab, yet 7 of them were responsive to the 
treatment, ranging from 2 CR, 2 PR and 3 SD 
(Table 1). Of note, PD-L1 detection as deter-
mined by four scoring systems was significantly 
enhanced after de-glycosylation (Figure 3A-D). 
Importantly, after de-glycosylation by PNGase F 
treatment, the tumor cell surface PD-L1 levels 
from both TPS and H-score-M seemed to cor-
relate well with clinical responses, i.e. the two 
PD patients showed the lowest PD-L1 levels 
and the 7 patients who responded to treatment 
including CR, PR and SD all (except for case 2, 
see later) showed significantly higher PD-L1 lev-
els after de-glycosylation (red vs blue; Figure 
3E-H; Table 1). It was worth noting that CR,  
PR and SD all displayed an enhanced PD-L1 
signal after de-glycosylation by the treatment 
of PNGase F, except for case 2 (Figure 3I), The 
results seem to suggest that tumor cell surface 
PD-L1 levels after de-glycosylation may be able 
to predict the clinical outcome.

ROC analysis and performance analysis for the 
best scoring

Although the cohort is relatively small, the 
straightforward correlation (Figure 3; Table 1) 
prompted us to further verify the correlation 
between treatment response and de-glycosyl-
ated PD-L1. To this end, we used receiver oper-
ating characteristic (ROC) curves to evaluate 
different scoring systems in the accuracy of 
treatment prediction in patients who received 
atezolizumab. The results using the median 
and the optimal cut-off derived from the ROC 
analyses in predicting the best response for 
atezolizumab were summarized in Table 2. The 
ROC-derived optimal cut-off points were found 
superior to the median cut-off points, especial-
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ly with de-glycosylation as supported by the 
close to 1 accuracy and specificity in predicting 
the response for atezolizumab (Bold in Table 2). 
Therefore, the optimal cut-off points from the 
ROC analysis was used to analyze correlation 
with PFS.

The latest response to atezolizumab of the 
study population is summarized in Figure 4A. 
Different from the “best response”, the “latest 
response” was defined as the status of the 
patients at the end of the observation duration 
(up to 11/15/2021) since the initial date of 
atezolizumab treatment. The status of “dis-
ease-progress” indicates the presence of any 
clinical evidence of disease progression in the 
patients, and the status of “progression-free” 
indicates that the patients are maintaining a 
progression-free status within the observation 
interval. Of note, one of the PR patients (#4) 
had a short observation time of 70 days. This 
was because that although the patient’s liver 
metastatic lesion shrank in response to atezoli-
zumab treatment, the patient opted out of the 
treatment and instead received hospice care 
due to liver cirrhosis. The other PR patient, 
patient #3, received immunotherapy combined 
with chemotherapy for 4 months, but the tumor 
progressed 19 months after the treatment.

Figure 4B and 4C showed the PFS estimation 
according to the natural and de-glycosylated 
TPS subgroup dichotomized by the ROC-derived 
optimal cut-off points and patients who had 
lower PD-L1 levels by de-glycosylated TPS (red) 
were significantly associated with poor PFS 
(P=0.018<0.05). The P value of natural TPS 
staining, 0.378 (>0.05) indicated insignificant 
correlation and supports that de-glycosylation 
is critical for correlation with PFS. Similar trend 
was also observed for the H-score-M stain- 
ing (Figure 4D, 4E). Patients with lower PD-L1 
levels by H-score-M (red) were associated with 
worse PFS. Although statistically less robust 
than the TPS scoring system, the P values  
from the H-score-M scoring of de-glycosylation 
(0.149) vs natural staining (0.665) also sup-
ported the notion that de-glycosylation corre-
lated better with PFS than natural staining. 
Patients #1 and #3 with higher de-glycosylated 
TPS and H-score-M staining were shown as rep-
resentative cases to exhibit apparent shrinkage 
after receiving atezolizumab treatment (Figure 
4F).

Taken together, de-glycosylated H-score-M and 
TPS not only contribute in predicting the better 
response for atezolizumab by PFS, the de-gly-
cosylated subgroup dichotomized by using the 
ROC-derived optimal cut-off points also better 
predicted the responsiveness to the treatment 
in the cohort. Although the cohort is relatively 
small and the P value is not as significant (e.g., 
H-score-M), the prediction tendency is encour-
aging. Moreover, de-glycosylated H-score and 
TPS subgroup dichotomized using the ROC-
derived optimal cut-off points also showed bet-
ter prediction performance compared to scor-
ing the natural PD-L1 (Table 2). Thus, the ROC 
analysis seems to derive the same conclusion 
as that from Table 1 and Figure 1.

Correlation of de-glycosylation of PD-L1 levels 
in tumor cells surface with response to atezoli-
zumab treatment

We next used Fisher Exact Test to assess the 
statistical significance of the ROC-derived opti-
mal cut-off points with clinical response, using 
as criteria to include patients with CR, PR and 
SD in the responsive group and patients with 
PD as non-responsive group. Interestingly, all 
criteria used by the Impassion130 and 131 tri-
als including H-Score-M+C and IC have no cor-
relation with treatment response at all (P-value 
for w/o DG, 0.444 and 0.222) (Figure 3G-H; 
Table 3), consistent to the conclusion of the 
Impassion131 trial. Even the results from de-
glycosylation of H-Score-M+C (P=0.444 for DG) 
and IC (P=0.167 for DG) categories (Table 3) 
have no any correlation with the treatment 
response, although the reading for the PD-L1 
level is generally increased in the de-glycosyl-
ation category (DG vs w/o DG) as expected 
(Figure 3; Table 1) [10-13].

Importantly, the PD-L1 level based on tumor 
membrane staining after de-glycosylation (H- 
Score-M with DG) showed a marginal signifi-
cance (P-value =0.083) as the two PD non-
responding patients had the lowest reading 
(0.9 and 1.6) and the rest responding patients 
had PD-L1 levels higher than 2.4 (2.4-25.5) 
except for patient #5 (Table 1). However, the 
correlation disappeared without de-glycosyl-
ation (H-Score-M w/o DG) (P-value =0.444). 
The two non-responding PD patients had very 
low PD-L1 levels (0.2 and 0.6 w/o DG vs 1.6 
and 0.9, with DG, respectively). However, in 
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patients No. 3, 5 and 7 who had similarly low 
reading of PD-L1 (0.2, 0.2 and 0.3, respective-
ly) prior to de-glycosylation, the staining intensi-
ties significantly increased to 13.7, 1.5 and 
14.1, respectively, after de-glycosylation, sup-
porting the false negativity of PD-L1 staining by 
the standard protocol and consistently these 
patients showed favorable response to the 
treatment by atezolizumab. With similar analy-
sis, the TPS with DG group also showed excel-
lent correlation (P-value =0.028) as that of 
H-Score-M DG group (Table 3). Together, these 
results suggest that removal of N-linked glyco-
sylation of PD-L1 in the membrane of tumor 
cells (H-Score-M, DG) and TPS (DG) seem to 
best correlate with therapeutic response to 
atezolizumab treatment compared to scoring 
the natural PD-L1 (w/o DG) using the clone 
28-8 Mab, even the analysis was from a rela-
tively small cohort.

Tumor-infiltrating lymphocytes (TILs) may con-
tribute to anti-PD-L1 therapy

It has been shown that elevated TIL counts can 
serve as a good prognostic factor in responding 
to pembrolizumab (Keytruda) treatment in met-
astatic TNBC [18]. One of the patients, patient 
#2, had relatively low de-glycosylated H-score- 
M and TPS (H-score-M=2.4; TPS=1.24) but still 
experienced a CR response (Figure 3I). Rela- 
tively more lymphocytes were found in these 

might be a contributing factor to the concerning 
response rate of TNBC patients with PD-L1 pos-
itive expression which is as low as 18.5% [20]. 
Therefore, the evaluation of PD-L1 expression 
in patient receiving immune checkpoint inhibi-
tors must be carefully implemented for clinical 
decision-making.

We have shown a novel procedure to prevent 
the interference of PD-L1 detection by remov-
ing the N-linked glycosylation from the unsta- 
ined slides with the recombinant glycosidase 
(PNGase F) before IHC staining, which markedly 
enhances the detection of PD-L1 in cancer 
cells and tumor tissue by the 28-8 Mab [10, 
11]. In another independent study, four clones 
of anti-PD-L1 Mab, namely 28-2, CAL10, 73-10, 
and SP142, were compared for PD-L1 detec-
tion in lung cancer tumor tissues before and 
after de-glycosylation [12]. The study conclud-
ed that after de-glycosylation, PD-L1 expres-
sion was markedly enhanced when stained 
with the 28-8, CAL10, and SP142 antibodies, 
and a slight decrease of PD-L1 expression was 
found when the 73-10 antibody was used. 
Consistently, our data indicated that H-score-M, 
H-score-M+C-, IC and TPS also have significant 
greater fold change compared to those without 
PNGase F treatment.

We have observed a close correlation between 
the de-glycosylated membrane PD-L1 in the 

Figure 5. The presence of TILs was associated with response to atezoli-
zumab. A. Representative images of computed tomography (CT) scan from 
patient #2 from pre- and post-anti-PD-L1 (atezolizumab) immunotherapy. B. 
The representative case examples with different percentages of tumor infil-
trating lymphocytes (TILs) (Hematoxylin and eosin stain, 100× and 400×).

patient’s tumor tissues, sup-
porting the previous report 
[18] that the elevated TIL may 
play a role in the treatment 
response (Figure 5).

Discussion

The cut-off values of PD-L1 
can be dependent on differ-
ent tumor types, including 
tumor cells, tumor-infiltrating 
immune cells, or both, and 
the different assays [3, 10, 14- 
17]. IC scoring by SP142 sta- 
ining was the FDA-approved 
screening criteria for TNBC 
patient recruitment to receive 
treatment by atezolizumab [3, 
19]. However, this predictive 
biomarker for treatment re- 
sponse is not accurate and 
has many limitations, which 
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tumor tissues and patient response. Patient  
#1 showed complete response (pCR) after 
NACT as judged by CT scan and post-operation 
pathology. This patient received eight courses 
of neoadjuvant chemotherapy, including four 
courses of epirubicin and cyclophosphamide 
with atezolizumab, followed by four courses  
of taxotere with atezolizumab. Of note, the 
results showed significantly higher de-glycosyl-
ated PD-L1 levels in TPS and H-score. Similarly, 
the two cases (patients #3 and #4) who have 
partial response (PR) also associated with sig-
nificantly higher de-glycosylated PD-L1 levels. 
Patient #3 is a patient with lung metastasis 
after a second line chemotherapy and progres-
sion of the left axillary lymph node was noted. 
After 6 courses of paclitaxel plus atezolizumab, 
CT showed regression of the left axillary metas-
tasis. Patient #4 is a breast cancer patient with 
liver and bone metastasis at first. She received 
four courses of epirubicin and cyclophospha-
mide, followed by four courses of taxotere. After 
the first line treatment, she still suffered liver 
metastasis. She received 5 courses gem-
citabine + paclitaxel plus atezolizumab. We fol-
lowed the CT scan and showed shrinkage of 
liver metastasis. Both patient #8, and #9 
whose tissues showed lowest levels of de-gly-
cosylated PD-L1 in the TPS and H-score-M, 
belong to PD, ie no response to the treatment. 
Patient #8 developed bone metastasis after 
the first line chemotherapy. Therefore, six 
courses of paclitaxel plus atezolizumab were 
arranged. After 3 months, CT examination 
found multiple new lesions in the liver. Patient 
#9 was diagnosed bilateral breast cancer  
with bone metastasis. After the four courses  
of epirubicin and cyclophosphamide, followed 
by four courses of taxotere, the patient contin-
ued to have oral vinorelbine. After half year 
medication, we found new liver metastasis  
and discussed with patient for immunotherapy. 
The patient then received six courses of pacli-
taxel plus atezolizumab. We followed up with 
the CT scan and found progression of liver 
metastasis It should be emphasized that all 
nine TNBC patients have the PD-L1 IC<1% 
under SP142 staining, and therefore would not 
be recommended to receive atezolizumab ther-
apy. However, seven out of nine patients were 
actually responsive to atezolizumab treatment. 
Thus, our data demonstrate that improved 
PD-L1 detection after de-glycosylation is hi- 
ghly associated with response to atezolizumab, 

suggesting that increased PD-L1 signal after 
de-glycosylation is a favorable method for id- 
entifying patients who can benefit from the 
treatment.

It has been reported that tumor immune micro-
environment including the infiltration of immune 
cells, immune inhibitory soluble factors, and 
cytokines provides important clues in predict-
ing outcomes and potential treatment guideline 
[21-23]. TIL is the major type of immune cells 
present in the tumor microenvironment and 
has been used as prognostic biomarkers for 
response to immune therapy [24, 25]. It is note-
worthy that the tumor of patient #2, showed a 
moderate increase in PD-L1 after de-glycosyl-
ation, accompanied by the significant presenta-
tion of TILs, raising an interest point that TIL 
level might also be a favorable factor in addi-
tion to the de-glycosylated tumor membrane 
PD-L1 level to stratify patients for anti-PD-L1 
therapy. This possibility is worthy of exploring 
further in the near future.

Membrane expression of PD-L1 in cancer cells 
is the key characteristic to achieve immune 
suppression and promote tumor progression 
[6]. The clinical data derived from this study, 
albeit at a small scale, in a group of intention-
to-treat patients with advanced unresectable 
breast cancer suggest that the % IC scoring 
system of PD-L1 is unlikely an efficient criterion 
to identify breast cancer patients for atezoli-
zumab treatment. In contrast, scoring of mem-
brane expression of PD-L1 in cancer cells 
closely correlates with patient outcome, with 
the tumors of relatively higher PD-L1 expres-
sion responding more favorably to atezolizum-
ab treatment. Our finding supports that patients 
of advanced breast cancer whose tumors, but 
not the tumor-infiltrating immune cells, express 
high levels of membrane PD-L1 as revealed  
by the de-glycosylation-IHC staining protocol 
are likely more responding to atezolizumab 
treatment. Our data suggest that TPS or 
H-score-M of the breast cancer tissue after de-
glycosylation may be a more efficient tool to 
select appropriate patients who may benefit 
from the anit-PD-L1 immunotherapy with ate- 
zolizumab.

Pembrolizumab (Keytruda; Merck) is the oth- 
er PD-1/PD-L1 inhibitor approved by FDA for 
breast cancer treatment [26]. In November 
2020, FDA first granted accelerated approval  
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to pembrolizumab for the indication in combi-
nation with chemotherapy for patients with lo- 
cally recurrent unresectable or metastatic tri-
ple-negative breast cancer, whose tumors ex- 
press PD-L1 based on the results of the phase 
III trial KEYNOTE-522 (NCT03036488) [27]. In 
this trial, PD-L1 expression was assessed by 
IHC using the 22C3 pharmDx assay (Agilent 
Technologies), and defined by the combined 
positive score (CPS), defined as the proportion 
(%) of PD-L1-positive cells including both tumor 
and immune cells in the total number of tumor 
cells. Patients whose tumors express PD-L1 
with a combined positive score of 1% or great- 
er are considered PD-L1-positive and eligible 
for pembrolizumab treatment [26]. The suc-
cessful throughput of the KEYNOTE-522 trial 
led to the FDA approval of pembrolizumab for 
high-risk early-stage TNBC with a combined 
positive score of PD-L1 10% or greater in com-
bination with chemotherapy as neoadjuvant 
treatment, and then continued as a single 
agent as adjuvant treatment after surgery in 
July 2021. At the same time, FDA also con-
firmed the prior accelerated approval by grant-
ing regular approval to pembrolizumab for the 
indication in metastatic TNBC. It is noteworthy 
that the scoring systems of PD-L1 positivity in 
the IMpassion130-Impassion131 trials and the 
KEYNOTE-522 trial are different. It remains to 
be determined whether explicitly including the 
tumor tissues in scoring de-glycosylated PD-L1 
in patient stratification as in the KEYNOTE-522 
trial would help contribute to the outcome of 
the pembrolizumab study.

In conclusion, the current study suggests that, 
consistent with the observation from the 
IMpassion131 trial, the PD-L1 level in the 
tumor-associated immune cells could not pre-
dict the response to atezolizumab treatment 
and that the de-glycosylated PD-L1 level in can-
cer cell membrane outperforms the natural 
PD-L1 level as a biomarker for identifying 
patients of advanced breast cancer who are 
most likely responding to anti-PD1/PD-L1 ther-
apies. These results warrant multi-institution 
studies to further validate the efficacy of the 
protocol in ICB treatments for advanced breast 
cancer.
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