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Introduction

Head‑and‑neck squamous cell carcinoma  (HNSCC) affects 
approximately 830,000 people each year worldwide.[1] Despite 
using combinations of surgery, radiotherapy, and chemotherapy, 
the 5‑year overall survival of HNSCC is only 40%–50%.[2] 
The programmed death 1 (PD‑1)/programmed death ligand 1 
(PD‑L1) axis has emerged as a key mechanism of immune 
escape by HNSCC.[3] This immune checkpoint system can 
accordingly be targeted with specific drugs blocking the 
tumor’s immunosuppressive signaling, thus boosting the 
antitumor immune response.[4]

Several methods have been proposed for PD‑L1 status 
assessment by immunohistochemistry  (IHC) including the 
use of a combined positive score  (CPS).[5] This integrated 
scoring system considers the expression of this immune 
checkpoint biomarker on the cell membrane of both tumor 
and tumor‑associated inflammatory cells.[6] Recent trials 
investigating the efficacy of first‑line immune‑checkpoint 
inhibition with the anti‑PD‑1 drug pembrolizumab in 
recurrent and/or metastatic HNSCC  (KEYNOTE‑048 and 
KEYNOTE‑012) showed that PD‑L1 expression is associated 
with an increased objective response rate, with better response 

when CPS ≥20.[7,8] Around 50%–60% of HNSCC tumor cells 
express PD‑L1 when assessed with tumor proportion score,[9] 
but this percentage increases to 85% when considering both 
tumor and surrounding immune cells (as measured with CPS).[8] 
The two different modalities of assessment partly explain the 
different prevalence of PD‑L1 expression. The latter has also 
been reported in other studies involving the head‑and‑neck 
region.[10,11] In response to the approval by several drug 
agencies of checkpoint inhibitor therapy in biomarker‑selected 
populations of HNSCC patients with recurrent/metastatic 
disease, it is reasonable to anticipate that pathologists will 
be increasingly requested to assess PD‑L1 CPS on HNSCC 
specimens to guide the selection of afflicted patients for 
immunotherapy. Currently, most centers may not routinely 
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employ CPS in reporting PD‑L1 expression in other tumor 
histotypes  (e.g., nonsmall‑cell lung carcinoma). Therefore, 
pathologists need targeted training programs to reliably learn 
how to assess this score and improve standardization among 
different medical centers.

The COVID‑19 pandemic has prompted the full adoption 
of available, but perhaps underused, digital solutions for 
e‑learning purposes.[12] Pathologists have an advantage in this 
evolution to digital imaging given their acquired experience 
over the past two decades with virtual or whole slide images 
used for applications such as telepathology. If leveraged 
properly, digital pathology can become the backbone of 
a training network where digital slides can be shared to 
improve training and accelerate knowledge transfer.[13] Online 
webinars for distance learning (as the name implies, seminars 
and learning events that take place on web platforms) can be 
easily hosted employing several user‑friendly platforms,[14] 
and when coupled with virtual microscopy using whole slide 
imaging (WSI) can be shared globally with a large pathology 
audience. Further, this allows digital pathology to no longer 
just be confined to utilization at academic institutions but can 
help meet the need to train many general pathologists.

The aim of this paper is to present the results of an e‑learning 
event targeting pathologists regarding PD‑L1 CPS assessment 
in HNSCC, with a critique on the efficacy of using this 
technology as a mechanism of contemporary knowledge 
delivery.

Meeting Organization

The e‑learning event “PD‑L1 Key learning in HNSCC” was 
organized by Global Studio SRL over several days (December 
2019 to May 2020) and ended with a final webinar on June 
12, 2020. There were 3 learning days with overall 28 sessions 
comprising both traditional lectures and interactive slide viewing 
sessions for overall 6 h of learning activity, with involvement 
of a mean of six lecturers of the faculty for each event. The 
final meeting was supported by Zoom videoconferencing 
software (Zoom Video Communications, Inc., San Jose, CA, 
USA). After subscription, all participants received a permanent 
link with meeting ID and password for all online material. 
The faculty included Albino Eccher (University and Hospital 
Trust of Verona, Verona), Gabriella Fontanini (University of 
Pisa, Pisa), Nicola Fusco  (European Institute of Oncology, 
Milan), Paolo Graziano (Foundation IRCCS “Casa Sollievo 
della Sofferenza,” San Giovanni Rotondo, Foggia), Elena 
Guerini Rocco  (European Institute of Oncology, Milan), 
Maurizio Martini (Catholic University‑Fondazione Policlinico 
Universitario “A. Gemelli” IRCCS, Rome), Patrizia 
Morbini  (University of Pavia and IRCCS Policlinico S. 
Matteo, Pavia and Chief of Head and Neck Pathology Study 
Group for Italian Society for Anatomic Pathology and 
Cytology  [SIAPEC]), Giancarlo Troncone  (University of 
Naples Federico II, Naples), and Elena Vigliar (University of 
Naples Federico II, Naples). Attendees were 86 pathologists 

from all over Italy. All of the events were structured with 
lectures and interactive practical sessions involving case 
discussions.

Programmed Death Ligand 1 Combined Positive 
Score Assessment and Slide Digitization

Attendees were asked to assess CPS on digital slides of twenty 
representative anonymized HNSCC cases before the course. 
The slides were made available on the web platform 1 month 
ahead of the course. The HNSCC cases came from two different 
institutions and comprised both surgical specimens and small 
biopsies, as well as lymph nodes with metastases. This allowed 
for wide variability in terms of fixation and possible artifacts. 
Specifically, PD‑L1 IHC was scored as summarized in Table 1.[16]

For this analysis, any convincing partial or complete linear 
membrane staining (≥1+) of viable tumor cells that is perceived 
as distinct from cytoplasmic staining was considered to 
represent PD‑L1 staining and included in scoring. Only 
lymphocytes and macrophages (i.e., mononuclear inflammatory 
cells) within tumor nests and/or adjacent supporting stroma 
within a ×20 microscopic field were included in scoring. The 
cases  (H  and E and PD‑L1 staining) were digitized with a 
Hamamatsu NanoZoomer scanner at ×40, uploaded on a shared 
web platform provided by Nikon, and viewed with NDP.view2 
software.[15] Digital slide size ranged from 328 megabytes to 
4 gigabytes. For this analysis, tumor sections were stained 
using the anti‑PD‑L1 antibody clone 22C3 (PharmDx, Dako 
Agilent, Santa Clara, CA, USA) on a Dako Autostainer Link 
48 platform.[16] All attendees received basic clinical information 
on each case and were asked to render their CPS score before 
the course using a standardized form in a spreadsheet. For each 
case, participants were required to assess adequacy, positivity 
for the CPS cutoffs ≥1 and ≥20, and a CPS value range (e.g., 
45–50). The forms were made available to the faculty members 
to guide the discussion of the most controversial cases and 
critical points. The reference CPS for each case was established 
by the faculty consensus.

Meeting Overview

The meeting started with a presentation by an oncologist (Paolo 
Bossi, University and Hospital Trust of Brescia) on the 
new therapeutic perspectives with checkpoint inhibitors for 
patients with HNSCC and the main results of clinical trials. 
Then, Gabriella Fontanini and Patrizia Morbini explained the 
scientific background and the rationale of new guidelines for 
PD‑L1 IHC assessment using the CPS in HNSCC specimens. 
Lectures ended with Maurizio Martini illustrating the practical 
rules to follow with CPS evaluation, how to count tumor and 
inflammatory cells and important pitfalls. These key points 
regarding CPS assessment are summarized in Table 1. The 
lectures took about 30 min each with the use of both WSI and 
still images, while the majority of e‑learning was dedicated 
to interactive sessions of about 4–5 h each with digital slides. 
Participants were divided into “online classrooms” of ten 
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attendees for discussions with faculty members. A survey for 
concordance of both faculty members and learning participants 
was performed.

Results of the Meeting

The twenty cases were representative of different HNSCC 
cases from the head‑and‑neck region and showed a CPS 
score ranging from 0 to 100. Representative images of cases 
highlighting membrane staining in tumor cells and cytoplasmic 
staining in inflammatory cells at  ×20 magnification are 
presented in Figure 1. The concordance rate of attendees for 
single a case with CPS ≥1 and ≥20 ranged between 39.13% 
and 95.65%. The more challenging cases had a CPS around 
1 or 20, which are in fact the two thresholds considered in 
the trials, with eligibility for first‑line therapy at CPS ≥1 
and clinical interest for outcome for CPS ≥20.[4,16] Intraclass 
correlation coefficient (ICC) for agreement on assigning CPS 
was calculated among all participants and among faculty 
members. There was an ICC of 0.646 (confidence interval: 
0.381–0.791) for attendees, while faculty showed an ICC of 
0.948 (confidence interval: 0.904–0.976). For some of the more 
challenging cases with CPS around 1 or 20, the participants 
had an ICC of 0.176 (0.015–0.996) and 0.410 (0.102–0.999), 
respectively. All of the attendees reported considerable 
satisfaction with this e‑learning course, and in particular, 
pathologists were comfortable using digital slides. Evaluation 
of the course by the attendees was assessed with a general 

questionnaire with Likert scale‑like question and space for 
personal comments. Attendees assessed the cases with their 
own personal workstations, so there was no standardization 
of viewing modality in terms of displays used or bandwidth.

Discussion

Currently and increasingly, pathologists are being requested to 
assess PD‑L1 CPS in HNSCC given the widespread availability 
of checkpoint inhibitor therapy. Reliable assessment of this 
vital biomarker requires not only expertise in head‑and‑neck 
pathology but also specific practice and tailored training 
for PD‑L1 biomarker assessment to achieve standardized 
and reproducible scoring among pathologists. For example, 
awareness of expected staining patterns and intensity is not 
always straightforward and careful screening of the stained 
tumor section is needed to establish which areas of the tumor 
or groups of cells needs to be included or excluded from 
the numerator and denominator of the CPS formula. The 
COVID‑19 pandemic has emphasized the need for alternatives 
to in‑person meetings. Indeed, digital pathology allows 
participants to interactively view and discuss cases in real 
time. Moreover, many more pathologists are able to join in, 
perhaps even exceeding the number typically permitted using 
traditional large multiheaded microscopes that have limited 
capacity or employing WSI in conference rooms of limited 
size or lack of adequate technical infrastructure. Finally, but 
not least importantly, it is also an advantage for participants to 

Table 1: Combined positive score assessment
Definition

CPS = 
Number of  PD - L1 staining cells tumor cells, lymphocytes, mmacrophages

Total number of  viable tumor cells
 ×100( )

Key points
At least 100 viable tumor cells present in the stained slide to be considered adequate
Scores range from 0 to 100 with the maximum score reported=100
Staining must be evaluated at 20×magnification
Tumor cell evaluation considered to be partial or complete linear membrane staining of any intensity
Lymphocytes and macrophages evaluation considered to be any staining at any intensity

Denominator

Include Exclude
All viable invasive tumor cells Necrotic or nonviable tumor cells

All types of immune cells
In situ component
Stromal cells and other benign cells
Any stained debris or artifacts

Numerator

Include Exclude
All viable invasive PD‑L1 positive tumor cells Mononuclear inflammatory cells associated with ulcers, carcinoma in situ or benign 

structures
Lymphocytes and macrophages (that lie in the same 20×field of 
invasive tumor)

Plasma cells and granulocytes
In situ component
Stromal cells and other benign cells
Any necrotic cells or debris

Modified from reference.[16] CPS: Combined Positive Score, PD‑L1: Programmed death‑ligand 1
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gain expertise with their own equipment or evaluate whether 
they have the equipment needed.

Digital pathology plays an important role in accelerating the 
progression of healthcare by supporting collaboration of highly 
specialized teams through several possibilities to exchange 
medical information, not only in webinar meetings.[13] Its 
application has led to the simplification and widespread access 
to remote interdisciplinary expertise, as well as to improving 
medical education.[17] The results of this project demonstrate 
the effectiveness of digital pathology solutions in providing 
high‑quality training to general pathologists on real‑life practical 
cases, overcoming the potential barriers of geography and the 
availability of adequate materials. Attendees used their own 
workstations, and despite the heterogeneity in terms of the types 
of computer monitors (e.g., size, resolution, use of eye‑saver 
mode and optimization features for long‑time screen work, other 
modalities such as tablets) and used and internet bandwidth for 
each location  (e.g., optic fiber still not available all over the 
country, possible some minor lagging issues in visualization 
and navigation of slides), no major issues were reported by the 
participants. Even though standardization of viewer settings 
is often requested for validation studies,[18,19] online training 
events such as the study described herein point to the value 
of adopting digital imaging for such training events. Such 
events offer scientific value by facilitating the dissemination 
of information in a standard and safe (such as in the pandemic 
situation) manner, including the cost‑effectiveness of saving 
time and resources by not travelling. The digital solution 
worked well even in the presence of intrinsic differences of 
the histological samples. The HNSCC cases comprised tissue 
from both surgical specimens and small biopsies, as well as 
lymph nodes metastases, allowing for a great variability in 
terms of fixation and presence of artifacts. On the other hand, 
immunohistochemical staining was standardized on a single 
antibody and platform as required in pembrolizumab registration 
study.[16] Concerning preanalytical issues, WSI has shown to be 
reliable for assessment of almost any type of slide, from frozen 
section to cytological samples[20‑22] when proper evaluation is 
critical and may require the consultation of an expert.[23]

The CPS assessment is often performed on small biopsy 
material, as candidate patients present with advanced cancer 
are often unfit for large surgery as are those with recurrence 
after adjuvant therapy. After the evaluation of H and E slides for 
viable tumor cells and an associated inflammatory background, 
the assessment of CPS requires careful microscopic estimation 
of the number of cells at ×20 magnification. The difficulties 
that pathologists may encounter when rendering a CPS (e.g., 
ambiguity of cell staining) are the same on a digital and glass 
slide. Hence, guided training by experts is important to achieve 
reliable results which is of benefit to patients. Finally, the 
success of this project was also attributed to the collaboration 
of experts from different institutions and their effort towards 
the harmonization of workflow and CPS scoring in HNSCC 
pathology. It is anticipated that webinars and digital pathology 
will be increasingly used for training in the future and to 
support collaborations.
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