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Abstract

Introduction. The assessment of PD-L1 expression by immunohistochemistry is mandatory
for the administration as first-line therapy of the anti PD-1 check-point inhibitor Pembrolizumab in
patients with advanced non-small-cell lung cancer (NSCLC). Currently, only formalin-fixed
paraffin-embedded samples are acceptable for PD-L1 immunostaining with the anti-PD-L1
antibodies 22-C3 and SP263. We investigated retrospectively the accuracy of the anti PD-L1
antibodies 22-C3, 28-28, SP263 in 50 paired histological samples and cytological smears of
NSCLC patients. Results. The accuracy of the three antibodies for the detection of PD-L1 in



histological samples was higher for the antibody SP263 (AUC/ROC =1) compared to the clones 28-
8 (AUC/ROC =,991) and 22-C3 (AUC/ROC =,942). The overall concordance between histological
samples and cytological smears using the SP263 clone was moderate (kappa =0,364). However
when the cyto-histological concordance was calculated using just the <50% vs >50% cut-off the
agreement (kappa =0.626) was good. The accuracy of the antibody SP263 in cytological smears
was good (AUC/ROC =,921). A fluorescent in situ hybridization analysis on 10 histological cases
positive for PD-L1 at immunohistochemistry showed amplification of the CD274 gene only in one
case. Conclusions. Immunocytochemical staining for PD-L1 in diagnostic cytological smears of
NSCLC is feasible and applicable at least using the >50% cancer cell cut-off. The three antibodies
SP263, 22-C3 and 28-8 are all suitable for the diagnostic detection of PD-L1 on tissue sections with
a superiority of the SP263 clone. The implementation of PD-L1 immunocytochemistry on
cytological smears will likely expand the pool of NSCLC patients candidate to first-line

immunotherapy.

Introduction

The assessment of PD-L1 expression by immunohistochemistry (IHC) is mandatory for the
treatment as first-line therapy with the anti PD-1 check-point inhibitor Pembrolizumab in patients
with advanced non small-cell lung cancer (NSCLC). ! The IHC cut-offs for the administration of
Pembrolizumab in first- or second-line of therapy derive from the registration studies KEYNOTE-
024 and 010 and have been stated as >50% PD-L1+ cells and >1% for first and second-line
treatment, respectively. Several antibodies have been developed as companion diagnostics for the
IHC predictive detection of PD-L1 in NSCLC tissue samples. A recent IHC comparative
methodological study concluded that three anti-PD-L1 clones were comparable and therefore
suitable for IHC detection of PD-L1 in view of the treatment with Pembrolizumab. 2 In particular,
the clones named 22-C3, 28-8 and SP263 produced by different brands were selected as potential
predictive reagents. Among these antibodies only the clones 22-C3 and SP263 have been finally
certified for in vitro diagnostics on proprietary platforms for automated IHC. The guidelines for
interpretation of PD-L1 staining issued by the manufacturers of these two companion diagnostics
include the evaluation of immunostaining only in the cell-membranes, in at least 100 cancer cells.>*

The pathological diagnosis and the clinical staging of advanced NSCLC are based
preferably on histological tissues samples obtained by means of ultra-sound guided bronchoscopy
(EBUS) or trans-thoracic TC-guided needle biopsies. ® Unfortunately, the success rate of EBUS to

obtain tissue fragments is highly variable and in many instances the diagnostic material is just



cytological. 8 Cytological samples can be processed as clots or pellets to obtain formalin-fixed
paraffin embedded (FFPE) blocks. However, in approximately 20-30 % of cases, the only available
diagnostic material is a cytological smear.

PD-L1 testing with companion diagnostics is currently certified only on tissue biopsy
fragments or on other liquid cytology-derived FFPE materials such as clots or pellets, but not on
cytological smears. %1°

Here we report on a retrospective comparative study for the validation of the three anti PD-
L1 antibodies 22-C3, SP263 and 28-8 on paired histological and smeared cytological specimens of
50 patients with advanced NSCLC.

Patients’ population

We retrospectively enrolled 50 patients who received the diagnosis of advanced NSCLC at
the Services of Thoracic Endoscopy and Pathology of the S.Orsola-Malpighi teaching Hospital in
Bologna between May 2014 and September 2017. The 50 patients were selected from a pool of 365
consecutive subjects according to the following eligibility criteria: i) availability of at least one
positive histological biopsy sample and at least one positive cytological smear with given diagnosis
of NSCLC; ii) availability of at least 100 cancer cells in each sample; iii) procurement of the two
sample pairs at the same time or with a maximum time interval of 90 days; iv) first diagnosis of
NSCLC and no previous systemic treatment; v) age >18; vi) signed informed consent of the patient.
The mean age of the 50 enrolled patients 70.6 years (49 to 85), 30 were males and 20 females.
Twelve cases (24%) were NSCLC with squamous and 38 (76%) with adenocarcinoma histology.
The study was approved by the internal review board of the S.Orsola-Malpighi Hospital with study
number 39/2017/U.Tess, on March 14", 2017.

Methods

Tissue specimens were fixed in 4% buffered formalin for 8-24 hours and embedded in
paraffin. Three um tissue sections were freshly cut from each formalin-fixed paraffin embedded
(FFPE) block before starting immunohistochemistry.

Cytological smears obtained from aspirates of tumor nodules or metastatic lymph-nodes
were promptly fixed with MicroFix spray (Diapath, Italy), hydrated, stained either with the May
Grunwald-Giemsa or the Papanicolau procedure, de-hydrated to absolute ethanol, cleared in Xilene
and finally mounted with cover-slides. Stained smears selected for the study were left in a Xilene
bath for 48 hours to allow gentle slip-off of cover-slides, then re-hydrated through graded alcohols,

destained in 1% HCI in 70° ethanol and rinsed in PBS before starting immunocytochemistry.



Immunohistochemistry and immunocytochemistry were performed on the automated
Ventana BenchMark ULTRA System (Ventana Medical System, Tucson, AZ) using the OptiView
DAB IHC Detection Kit (Ventana). Immounohistochemistry on FFPE samples was performed by
using three different anti-PD-L1 antibodies: i) rabbit monoclonal anti-PD-L1(clone 28-8, Abcam);
i) mouse monoclonal anti-human PD-L1 (clone 22-C3 PharmDX, Dako/Agilent); iii) rabbit
monoclonal anti-PD-L1 (clone SP263, Ventana). Immunocytochemistry for PD-L1 on the single
available cytological smears was carried out only with the SP263 antibody: this clone was selected
since it displayed the best sensitivity and specificity at the comparative analysis on the histological
specimens (see Results section).

The immunostaining protocols included slight differences in time of pre-treatment with CC1
solution (Ventana) and in incubation time among the three PD-L1 antibodies and between cytology
and histology samples as follows: i) clone 28-8: retrieval CC1 32’, incubation 32’ at 37°C, dilution
1:400; ii) clone 22-C3: retrieval CC1 48’, incubation 32’ 37°C, dilution 1:200; iii) clone SP263:
retrieval CC1 56’ (for istological samples) or 32’ (for cytological samples), incubation 16’ 37°C,
prediluited.

PD-L1 positive and negative controls were run concurrently for each case. In order to
highlight the presence of tumor-infiltrating macrophages that frequently overexpress PD-L1, a
double staining with anti-PD-L1 (SP263) and anti-CD68 (KP-1, prediluited, Ventana) was adopted
on tissue samples. The double immunostaining protocol included a retrieval step with CC1 56°, a
first incubation with SP263 antibody for 16 at 37°C followed by DAB staining (OptiView DAB
IHC Detection Kit, Ventana), and a second incubation with anti-CD68 antibody for 32’ at 36°C
followed by AP RED staining (ultraView Universal Alkaline Phosphatase Red Detection Kit,
Ventana). Prior to application , the double staining has been validated in a limited number of cases
(data not shown) through a comparison with the single staining without finding relevant
discrepancies in terms of number of positive cancer cells.

In both histological and cytological samples PD-L1 expression was evaluated only in cancer
cells and at least 100 tumor cells per samples were scored. Viable cancer cells were considered
positive in presence of membrane staining of any intensity, while cytoplasmic staining was
considered positive only if there was concomitant membrane staining.

Statistical analyses were performed using the software SPSS, version 22.0. Concordance
analyses among the three clones (28-8, 22-C3 and SP263) were carried out using as reference
standard (gold standard) the clone that turned out with the highest positivity rate for each sample.
The kappa coefficient of concordance was calculated and the agreement was considered weak for

kappa values within 0,21-0,40; moderate for values 0,41-0,60; and good for values 0,61-0,99. For



statistical analysis PD-L1 expression was categorized in 3 score groups according to the following
cut-offs: i) score 0, if PD-L1 immunostaining was absent or present in less than 1% of tumor cells;
if) score 1, if PD-L1 immunostaining was present in at least 1% of tumor cells but less than 50%;
iii) score 2, if PD-L1 immunostaining was present in more than 50% of tumor cells.

To determine values of sensitivity and specificity of the three PD-L1 clones in histological
and cytological samples (using expression cut-off >50%) a Receiver Operating Characteristic
(ROC) curve was constructed. Values were considered statistically significant when P<0.05.

Results

At least 100 cancer cells were found in the three freshly sections of all the 50 selected
histological samples (Fig. 1A). In all cases the three antibodies 28-8, 22-C3, and SP263 stained both
the cancer and the inflammatory cells (Fig. 1 B,C,D).

In the histological samples the antibody 28-8 stained 12 cases (24%) with >50% cancer

cells; 19 (38%) with >1% - <50% cancer cells while in 19 (38%) the staining was negative. The
staining with the 22-C3 antibody revealed 10 cases (20%) with >50% cancer cells, 17 (34%) with
>1% - <50% cancer cells, while 23 (46%) were negative. Finally, the double staining with the anti-
PD-L1 SP263 and the anti CD68 showed in 15 cases (30%) >50% PD-L1 positive cancer cells, in
20 cases (40%) >1% - <50% cancer cells, while 15 (30%) turned out negative.
The comparison of the three anti PD-L1 clones against the gold standard in histological samples is
summarized in Table 1. The kappa coefficients of concordance with the gold standard turned out
0,554 (moderate), 0,698 (moderate), 0,908 (good) respectively for the clones 22-C3, 28-8 and
SP263.

Description of PD-L1 immunoreactivity is depicted in Table 4. At least 100 cancer cells
were found in 49 out of the 50 selected cytological smears. The 49 cytological smears were stained
with the clone SP263 that turned out the most reliable in the concordance study on the histological
samples. No difference in staining were found using smears stained with the May Griinwald-
Giemsa or the Papanicolau procedure. The SP263 clone stained both cancer and inflammatory cells
(Fig. 1E and 2E). Eleven cases (22%) showed immunostaining for PD-L1 in >50% cancer cells, 12
cases (24%) in >1% - <50% cancer cells while 26 cases (52%) turned out negative (<1% cancer
cells). Several staining artifacts were encountered in immune-cytochemistry. In particular, the
presence of non-specific brown blurring in multi-layered cell placards as well as non-specific
nuclear staining in some cells (data not shown). All these artifactual stainings were considered

negative.



The cyto-histological comparison for PD-L1 staining (clone SP263) in the same cases
revealed major discrepancies in 5 out of 49 cases. Three of these cases showed a staining in <1%
cells in the histological samples while >50% in the cytological counterparts (Figure 2 B-E). By
contrast, in two cases the staining in the histological samples was >50% and <1% in the cytological
counterparts (Figure 3 B-E). The remaining 44 cases showed no or minor staining discrepancies in
the histological and the cytological specimens. On the basis of these data the overall cyto-
histological comparison using the SP263 clone was moderate (kappa = 0,364; Table 2). However
when the cyto-histological concordance was calculated using just the <50% vs >50% cut-off the
agreement (kappa = 0.626) was good (Table 3). The accuracy of the three antibodies for the
detection of PD-L1 in histological samples was perfect for the antibody SP263 (AUC/ROC =1)
compared to the other two antibodies 28-8 (AUC/ROC =,991) and 22-C3 (AUC/ROC =,942). The
accuracy of the antibody SP263 in cytological smears was good (AUC/ROC =,921) (Table 4).

Discussion

The immunohistochemical assessment of PD-L1 expression has become a standard-of-care
front-line diagnostic procedure for administering immunotherapy to patients with advanced NSCLC.
Currently, NSCLC patients may undergo first-line or second-line therapy with Pembrolizumab
according to the cut-offs of PD-L1 cancer positive cells of >50% or >1%, respectively. The recent
Blueprint comparative study revealed that the antibodies SP263, 22-C3 and 28-8 were the best
reagents for the immunohistochemical detection of PD-L1 in archival tissues samples.!! A recent
comparative study reported the concordance between cell blocks and cytological smears of the same
cases for the immunostaining with the 22-C3 anti PD-L1 antibody. 2 Our study confirms that, by
using the two cut-offs of >1% and >50% ,the three clones SP263, 22-C3 and 28-8 are comparable
with a superiority of the SP263 antibody (kappa =0,908; AUC/ROC =1) over the others. Currently,
only the antibodies SP263 and 22-C3 possess the European Certification for in vitro diagnostics
(CE-1VD). Discrepancies even between these two antibodies have been recently pointed out using
the two cut-offs of >1% and >50%. * We demonstrated that the clone 28-8, that is not currently
CE-IVD-certified for the diagnostic assessment of PD-L1, has reached in our series a better
concordance compared to the 22-C3 clone (kappa 0,698 Vs 0,554) that was used for the
confirmation study of Pembrolizumab. As a first conclusion of our study we can state that all the
three antibodies SP263, 22-C3 and 28-8 are suitable for the diagnostic immunohistochemical
detection of PD-L1. The clone 28-8 that we have used has a limited diagnostic use as it is and it
could be utilized diagnostic laboratories only after through validation with strict internal and

external quality controls. As and addition cost assessment evaluation it is interesting to point out



that the two clones SP263 and 22-C3 come as kits including the antibody and the development
reagents, can be used interchangeably on cross automated staining platforms of the two producers,
and bear similar costs. Conversely, the 28-8 clone is not IVD-certified, it can be purchased
concentrated as a single reagent, it can be applied to any staining platform and its costs are less than
half compared to the certified clones.

The theragnostic immunohistochemical assessment of PD-L1 has been validated in tissues
samples and in pellets and clots from cytological samples treated as FFPE materials. %1° With the
present study we provide one of the early evidences that cytological smears can be successfully
used for the detection of PD-L1 immunoreactivity at least using the cut-off of 50%. In our series,
we have found only five major discrepant cases between histological and cytological
immunostaining. Three cases turned out negative (<1%) in the cytological smear but >50% positive
cells in the histological samples. In two of these cases the smear contained a limited number of
cancer cells, slightly over one hundred, and we ascribe the discrepancy to this limitation. Another
case was negative in the cytological smear while the immunoreactivity in the histological sample
(surgical specimen with a 7 cm. in diameter cancer nodule) was heterogeneous with positive tumor
areas intermingled with very negative ones. We explain this discrepant case with tumor
heterogeneity and sampling of the cytological aspirate falling into a negative PD-L1 tumor area.
Heterogeneous PD-L1 expression throughout tumor masses is a relevant bias that has been recently
pointed out and cannot be unfortunately ruled out completely in NSCLC diagnostic specimens.
Conversely, we have found two cases with PD-L1 positive smears in >50% cancer cells and
negative histological samples. In one of the two cases we suspect a heterogeneous expression of
PD-L1 as above since the cancer nodule as well. In a second discrepant case, we pose the potential
issue of PD-L1 antigen degradation over the time since the histological case dated from 2014. We
have previously reported on the fading with time of PD-L1 immunoreactivity in NSCLC tissues
even after one year of storage of tissue paraffin blocks in histology archives. ** The 10% rate of
major discrepancies surely implies a serious shift in treatment decision. However, the tumor
heterogeneity bias affects most of the predictive biological test in NSCLC because of the limited
amount of diagnostic material in biopsy compared to the entire tumor masses.

In our results, the cyto-histological comparison for the detection of PD-L1 with the SP263
antibody was good (kappa =0,626) only when we applied the >50% cut-off. When we run the same
analysis including also the >1% cut-off the concordance was weak (kappa =0,364). We can explain
this flaw with the poor reproducibility of the pathological semi-quantitative evaluation of
immunostaining using the >1% cut-off. This poor reproducibility of scoring at low rates of positive

cells can be further worsened by the presence of staining artifacts that we found frequently in the



cytological smears. The slides of the present study have been read by two pathologists with a multi-
headed microscope in a non-blinded manner and this represent a study limitation. An inter-rater
concordance study on the scoring of PD-L1 on cytological smears was outside the scope of the
present study but is required to define the suitability of cytological smears for the use of the >1%
cut-off. In the meantime, we feel that the applicability of PD-L1 immunostaining to cytological
smears at least using the >50% cut-off represents a significant step beyond compared to the current
status for the first-line treatment with immunotherapy of NSCLC patients.

Immunocytochemical staining for PD-L1 in diagnostic cytological smears of NSCLC is
feasible and applicable at least using the >50% cancer cell cut-off. This technical progress can
potentially lead to an increase in the number of patients candidate to first-line treatment with
immune check-point inhibitors. A prospective study is currently ongoing at our institution to

validate our retrospective observation.
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Figure 1 Immunohistochemical, immunocytochemical analysis of PD-L1 in serial histological
sections and paired cytological smear of lung adenocarcinoma. (A) Hematoxilyn-eosin (X60). (B)
High expression of PD-L1 (60% cancer cells) in the histological specimen with the double
immunostaining with SP263 (brown) and CD68 (red) (X60). (C) Low expression of PD-L1 (30%
cancer cells) on a serial section using the clone 28-8 (X60). (D) Intermediate expression of PD-L1
(50% cancer cells) using the clone 22-C3 (X60). (E) High expression of PD-L1 (60% cancer cells)
in the paired cytological smear using the clone SP263 (X60).



Figure 2 Discrepant negative immunohistochemical analysis with positive immunocytochemistry
for PD-L1 in serial histological sections and paired cytological smear of lung adenocarcinoma. (A)
Hematoxilyn-eosin (X60). (B) Very low expression of PD-L1 (1% cancer cells) in the histological
specimen with the double immunostaining with SP263 (brown) and CD68 (red) (X60). (C) Absent
expression of PD-L1 (0% cancer cells) using both the 28-8 and the 22-C3 (D) clones (X60). (E)
High expression of PD-L1 (60% cancer cells) in the paired cytological smear using the clone SP263
(X60).



SP263-CD68

Figure 3 Discrepant positive immunohistochemical analysis with negative immunocytochemistry
for PD-L1 in serial histological sections and paired cytological smear of lung squamous carcinoma.
(A) Hematoxilyn-eosin (X60). (B) High expression of PD-L1 (80% cancer cells) in the histological
specimen with the double immunostaining with SP263 (brown) and CD68 (red) (X60). (C)
Moderate expression of PD-L1 (60% cancer cells) using the 28-8 clone and moderate expression
(40% cancer cells) using the 22-C3 (D) clone (X60). (E) Negative (0% cancer cells) paired
cytological smear using the clone SP263 with scattered positive inflammatory cells (X60). (F) Dual
expression of PD-L1 and CD68 in macrophages but not in cancer cell with the double
immunostaining with SP263 (brown) and CD68 (red) (X60).
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Table 1: Comparison of PD-L1 immunohistochemical expression by 3 different antibodies and
gold standard.

Gold Standard Kappa value
<1% 1-49% >50% Total
28-8 <1% 12 7 0 19
1-49% 0 16 3 19 0.698
>50% 0 0 12 12
Total 12 23 15 50
22-C3 <1% 12 10 1 23
1-49% 0 13 4 17 0.554
>50% 0 0 10 10
Total 12 23 15 50
SP263 <1% 12 3 0 15
1-49% 0 20 0 20 0.908
>50% 0 0 15 15
Total 12 23 15 50




Table 2: Comparison of PD-L1 immunohistochemical expression in cytological and histological
samples by sp263 antibody using different cut-off.

Histology Samples
K I
PD-L1 (sp263) expression appa value
<1% 1-49% 250% Total
<1% 13 12 1 26
1-49% 2 6 4 12
Cytology Samples >50(y° 0 > 9 11 0.364
= (1)
PZ;(LlrgEiii‘?’) Total 15 20 14 49
P <50% >50% Total
<50% 33 5 38
250% 2 9 11 0.626
Total 35 14 49




Table 3: Receiver Operating Characteristics (ROC) curve comprising the three clones in
cytological and histological specimens. The area under the curve (AUC) was almost perfect for the
antibody SP263 (I_SP263) compared with the other two clones (I_28-8 and |_22-C3) in histological
samples. The AUC for the clone SP263 in cytological smears (C_SP263) was smaller but still with
a 0,921 value.

ROC Curve

o Area Under the Curve (AUC)

) = PD-L1 clanes and
Z/_/”> samples
; PD-L1 clones and samples AUC

) — C_sp263
os —1_288
Cap283 C_SP263 0.921
—1_22C3 (SP263 in cytological samples)
0,6
1_SP263 1.000

(SP263 in histological samples)

Sensibility

044
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Table 4: Comprehensive description of PD-L1 immunoreactivity with the 3 clones in the 50
patients

PDL1 on cytology PDL1 expression on FFPE samples
pts Histology SP263 28-8 SP263 22-C3
1 ScC >90% 80% 70% 50%
2 ScC 5% 3% 10% 0%
3 ScC 0% 0% 0% 0%
4 SCC 0% 1% 5% 3%
5 SCC 20% 15% 20% 1%
6 SCC 10% 2% 10% 10%
7 SCC 0% 0% 0% 0%
8 SCC 70% 6% 1% 5%
9 SCC 80% 80% 70% 70%
10 ScC 1% 5% 0% 30%
11 ScC 0% 80% 80% 80%
12 ScC 10% 60% 60% 70%
13 ADK N/A 90% 70% 80%
14 ADK 60% 15% 70% 20%
15 ADK 40% 80% 60% 60%
16 ADK 60% 0% 2% 0%
17 ADK 0% 3% 5% 1%
18 ADK 10% 0% <1% 0%
19 ADK 0% 5% 5% 10%
20 ADK 5% 0% 1% 0%
21 ADK 0% 0% <1% 0%
22 ADK 0% 3% 10% 0%
23 ADK 80% 65% 80% 70%
24 ADK 0% 0% 0% 0%
25 ADK 80% 90% 70% 70%
26 ADK 0% 0% 0% 0%
27 ADK 10% 0% 15% 30%
28 ADK 0% <1% 0% 2%
29 ADK <1% 0% 5% 0%
30 ADK 40% 50% 60% 30%
31 ADK 0% 0% 0% 0%
32 ADK 0% 5% 10% 3%
33 ADK 0% 0% <1% 0%
34 ADK 90% 60% 70% 30%
35 ADK 0% 0% 0% 0%
36 ADK 50% 60% 60% <1%
37 ADK 0% 1% 0% 0%
38 ADK 0% 0% 0% 0%
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40
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44
45
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ADK
ADK
ADK
ADK
ADK
ADK
ADK
ADK
ADK
ADK
ADK
ADK

60%
0%
30%
0%
1%
0%
0%
0%
0%
<1%
70%
<1%

30%
0%
40%
5%
0%
0%
15%
0%
40%
2%
70%
20%

60%
0%
50%
7%
5%
5%
5%
0%
40%
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80%
30%
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40%
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20%
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