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Abstract: Generally, predictive biomarker tests are clinically validated on histological formalin-fixed,
paraffin-embedded (FFPE) samples. In addition to FFPE samples, cytological samples have also
emerged as a useful approach to detect predictive biomarkers. However, as of today, despite the
promising results reported in the recent literature, their full implementation in routine clinical practice
is still lagging owing to a lack of standardized preparatory protocols, challenging assessments of
cyto-histological correlation, and variable inter-observer agreement. The aim of this report was to
explore the possibility of implementing a large-scale validation of predictive biomarker testing on
cytological material. To this aim, we evaluated the technical feasibility of PD-L1 assessment on a
cell block (CB)-derived tissue microarray (cbTMA). Consecutive and unselected CBs prepared from
metastatic lymph node fine-needle cytology (FNC) samples were retrospectively collected and used
for TMA construction. PD-L1 immunohistochemistry (IHC) was carried out on cbTMA sections
with the companion diagnostic kit SP263 assay. TMA contained 33 CB-derived cores. A total of 20
sections were hematoxylin and eosin (H&E) stained. Overall, 29 (88%) samples were visible at least
in one H&E-stained slide. Four cases out of five sections stained with the SP263 assay (4/29, 13.8%)
showed PD-L1 positivity in neoplastic and/or immune cells; remarkably, no unspecific background
was observed. Although our study was based on a limited and non-selected series, our findings do
provide proof of concept for the use of cbTMA in predictive biomarker testing on cytological material
in large-scale post-clinical trial validation studies, multicenter studies, and quality control programs.
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1. Introduction

In the last decade, molecular cytopathology has emerged as a very rapidly evolving
field of predictive pathology, with an increasing number of molecular tests performed on
a wide range of cytological preparations [1,2]. Indeed, cytology is a first-line diagnostic
procedure in many neoplastic settings and, in advanced-stage cancer patients, cytological
samples may be the only material available for both diagnosis and molecular biomarker
testing for targeted therapies.

Methodologically, the high quality of nucleic acids extracted from cytological spec-
imens and the steady upgrading of multiplexed, highly sensitive molecular assays with
minimal nucleic acid input have all contributed to the ongoing development of molecular
cytopathology [3–6]. Despite such great advances in the field and the many advantages of
cytological material, especially in hard-to-reach tumors, histological formalin-fixed and
paraffin-embedded (FFPE) samples continue to prevail over cytological samples for the
selection of targeted treatments. As of today, the persistent paucity of cytological testing
in routine pathology practice is largely due to a few unmet analytical challenges affecting
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the whole gamut of the analytical phases. Among these are a lack of homogeneous tissue
handling and processing protocols, discrepant cyto-histological correlation, and interpreta-
tion of results. Indeed, unless these challenges are met through the careful validation of
predictive biomarker testing on cytological material, this excellent resource will most likely
continue to remain underused.

As immunotherapy has emerged as one of the most promising cancer treatments, the
process of technical and clinical validation of predictive biomarkers for immune-checkpoint
inhibitors on cytological specimens is plainly foreseeable [7–12]. Not surprisingly, the last
couple of years have witnessed a plethora of studies evaluating the feasibility of assessing
PD-L1 expression on cytological samples, particularly in terms of adequacy rate, level of PD-
L1 expression, and clinical outcomes [8,9,13,14]. Building on such compelling research and
going beyond PD-L1, our research team and others have also very recently demonstrated
the technical feasibility of assessing tumor mutational burden (TMB) and mismatch repair
deficiency (dMMR) by immunohistochemistry (IHC) testing [11–14] on cytology material
processed as cell blocks (CBs), as evidenced by a high concordance rate between cytological
and surgical specimens [8,9].

However, despite being globally massive, these data were mostly generated from
limited series analysis. Thus, to fulfill the unmet need for a large-scale validation of
predictive biomarker testing on cytological material and, consequently, to overcome the
underutilization of cytological samples for targeted treatments, we evaluated the technical
feasibility of using CB-derived tissue microarrays (cbTMAs) to evaluate PD-L1 expression
in various types of tumor-derived cytological samples.

2. Materials and Methods
2.1. Samples

We retrospectively reviewed consecutive and unselected CBs prepared from fine-
needle cytology (FNC) samples of metastatic lymph nodes; FNAs were performed at the
Cytopathology Division of the University of Naples “Federico II”. All information regard-
ing human material was managed using anonymous numerical codes, and all samples
were handled in compliance with the Declaration of Helsinki.

CBs were prepared using the Shandon Cytoblock Cell Block Preparation System
(Thermo Scientific, Waltham, MA) according to the manufacturer’s instructions, as pre-
viously described [15]. The original hematoxylin and eosin (H&E)-stained slides were
examined by two different pathologists to outline the area of interest with respect to rep-
resentative cellularity. Generally, a sample is considered eligible for PD-L1 evaluation if
it contains a minimum of 100 neoplastic cells. Thus, a low-power microscopic field (10×,
LPF) with at least 25–50 cells was deemed satisfactory. After screening of the whole section
at 10× for at least 10 LPF, the donor CB cellularity was evaluated as follows: highly cellular
(>50% of satisfactory fields); moderately cellular (25–50% of satisfactory fields); poorly
cellular (5–25% of satisfactory fields); acellular.

2.2. TMA Construction

The construction of TMA was performed with the fully automated Epredia TMA
Grand Master (3DHistech). The TMA control software (TMA Grand Master package) was
used to overlap an annotated digital slide with the donor block. According to the digital
annotations, one core 2 mm in diameter was automatically punched out from a donor block
by the TMA machine and then relocated to a recipient block in a precise alignment. TMA
data were automatically archived and stored in a specific file. Subsequently, 4µm sections
were cut from the constructed TMA blocks, H&E-stained, and viewed for quality and
cellularity control purposes.
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2.3. PD-L1 Immunohistochemistry

PD-L1 IHC was carried out on cbTMA sections with the companion diagnostic kit
SP263 assay (Ventana, Tucson, Arizona) on the Ventana’s BenchMark XT platform, following
the manufacturer’s instructions. To evaluate non-adjacent cells, non-consecutive sections
were immunostained. PD-L1 staining of variable intensity, perceptible at a maximum of
20× magnification, was evaluated by two experienced pathologists in both neoplastic and
immune cells. As in routine practice, any partial or complete linear membrane staining
that was perceived as distinct from cytoplasmic staining was assessed in neoplastic cells,
whereas membrane and/or cytoplasmic staining were assessed in immune cells [16].

3. Results
3.1. Samples

Overall, 33 CBs were collected. Lymph node specimens were derived from cervical
(n = 13), axillary (n = 6), mandibular (n = 1), supraclavicular (n = 4), abdominal (n = 4),
pectoral (n = 4), and inguinal (n = 1) areas. Cytological diagnoses included metastasis
from squamous cell carcinoma (n = 8), breast carcinoma (n = 7), colon carcinoma (n = 4),
carcinoma not otherwise specified, NOS (n = 4), carcinoma of gastrointestinal origin (n = 2),
pancreatic carcinoma (n = 2), papillary thyroid carcinoma (n = 2), ovarian serous carcinoma
(n = 2), medullary thyroid carcinoma (n = 1), and urothelial carcinoma (n = 1). As for the
cellularity of CBs, 8 (24.24%) cases were highly cellular, 11 (33.33%) moderately cellular,
and 14 (42.42%) were poorly cellular; no acellular CBs were observed.

3.2. TMA

TMA contained 33 CB-derived cores; donor core height ranged from 4.792 to 6.11 mm.
A total of 20 sections were H&E-stained. Overall, 29 (88%) samples were visible at least
in one H&E-stained slide. Core cellularity content was highly cellular in 4 out of 29 cases
(13.8%), moderately cellular in 9 cases (31%), poorly cellular in 11 cases (37.9%), and
acellular in 5 (17.3%). Four cases (12%) totally failed to adhere during slide preparation
(Figure 1).
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Figure 1. Cell-block-derived TMA construction: TMA paraffin block (A) and an unstained section (B);
two representative hematoxylin and eosin-stained sections (section numbers 5 (C) and 20 (E)) and the
corresponding PD-L1-stained section (D).

4. PD-L1 Immunohistochemistry

Overall, five sections were stained with the companion diagnostic kit SP263 assay.
Four cases (4/29, 13.8%) showed PD-L1 positivity; in particular, case ID 5 showed positivity
in neoplastic component, cases ID 8 and ID 31 in immune cells, and case ID 25 in both
neoplastic and immune cells (Figure 2). The positive signal was clean, and no unspecific
background was observed. The characteristics of each sample are summarized in Table 1.
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Figure 2. Case ID 25: metastasis from squamous cell carcinoma (A,B) showed positivity in both
immune (cytoplasmic granular staining in macrophages, (C)) and neoplastic cells (complete linear
membrane staining, (D)).

Table 1. Sample characteristics.

Unique TMA Sample ID Primary Tumor Donor Core Height (mm) PD-L1 IHC

1 Urothelial carcinoma 6.021 -

2 Papillary thyroid carcinoma 5.797 -

3 Carcinoma, NOS 5.963 -

4 Carcinoma, gastrointestinal origin 5.948 -

5 Squamous cell carcinoma 6.11 +neoplastic cells

6 Carcinoma, NOS 5.74 -

7 Breast carcinoma 6.133 -

8 Squamous cell carcinoma 5.529 +immune cells

9 Squamous cell carcinoma 6.013 -

10 Squamous cell carcinoma 4.792 -

11 Ovarian serous carcinoma 6.045 -

12 Breast carcinoma 5.887 -

13 Squamous cell carcinoma 6.014 -

14 Squamous cell carcinoma 5.768 -
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Table 1. Cont.

Unique TMA Sample ID Primary Tumor Donor Core Height (mm) PD-L1 IHC

15 Breast carcinoma 5.514 -

16 Breast carcinoma 5.796 -

17 Medullary thyroid carcinoma 5.883 -

18 Squamous cell carcinoma 5.615 -

19 Colon carcinoma 5.322 -

20 Carcinoma, NOS 5.63 -

21 Pancreatic carcinoma 5.508 -

22 Colon carcinoma 5.946 -

23 Carcinoma, gastrointestinal origin 4.904 -

24 Breast carcinoma 5.177 -

25 Squamous cell carcinoma 6.016 +neoplastic and immune cells

26 Colon carcinoma 5.705 -

27 Colon carcinoma 5.338 -

28 Carcinoma, NOS 5.312 -

29 Papillary thyroid carcinoma 5.062 -

30 Ovarian serous carcinoma 5.564 -

31 Breast carcinoma 5.617 +immune cells

32 Pancreatic carcinoma 5.857 -

33 Breast carcinoma 5.179 -

5. Discussion

In clinical settings in which FFPE samples are available, TMAs are widely used for
the multiplex analysis and validation of tumor markers on histological material. However,
this approach is hardly ever applied to cytological specimens [17–19]. Early experiences
carried out exclusively on fluid cytology demonstrated that TMAs are also efficiently ap-
plicable to CB specimens. Indeed, these early studies demonstrated that TMA is highly
feasible, especially in samples with higher cellularity [16], and that cbTMAs can accurately
display the same cellularity, composition of cells, staining patterns, and intensity of the
donor CB [18]. In line with this early research, a recent study which compared the efficiency
of conventional smears with cell-block preparations demonstrated that IHC, in combi-
nations with cytology microarrays (CMAs) prepared from CBs, was able to confirm and
categorize malignant cells in body fluids as accurately as conventional smears [19].

To the best of our knowledge, no prior experiences have explored the potential use
of cbTMA in the validation of predictive biomarkers on cytological specimens. From a
technical point of view, our data confirm the suitability of using CB material for TMA
construction. As previously reported, to exploit the full potential of this cost- and time-
effective technique, cytopathologists should make sure to prevent the loss of material
during H&E staining and core fall-off during IHC heating procedures [17]. Although
preliminary, our study did show some very promising results. For instance, 88% of samples
were visible in at least one H&E- and PD-L1-stained slide. Notably, the TMA, prepared from
consecutive and unselected CBs, showed a high degree of cellular variability, reflecting a
core height ranging from 4.792 to 6.11 mm. On the other hand, cbTMA displayed a higher
percentage of poorly cellular and acellular cores compared to the donor CB cellularity.
Moreover, core alignment was difficult to obtain. Indeed, we hypothesize that selecting a
homogeneous series of highly cellular CBs could yield better outcomes.
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We also evaluated the technical feasibility of PD-L1 assessment on cell block (CB)-
derived tissue microarray. In this regard, we observed positive neoplastic and/or immune
cells in four cases (13.8%), including three metastases from squamous cell carcinomas
and one metastasis from breast carcinoma. We speculate that the low percentage of PD-
L1-positive cases was likely due to the use of unselected tumor types. Given the small
number of analyzed samples, we were not able to evaluate the concordance rate between
PD-L1 expression in TMA cores with that in paired donor CBs, thereby warranting further
investigation. However, we were able to observe a clean positive signal showing no
non-specific background staining.

In addition to being useful for IHC predictive biomarker testing, we speculate that
cbTMA may also be suitable for molecular testing. Indeed, research has shown that punches
taken from donor blocks can be re-punched directly into tubes and used for molecular
analysis using PCR-based approaches. By doing so, cytopathologists could have the means
not only to compare IHC with molecular data in large-scale analyses, but also to investigate
rare subpopulations identified during preliminary cbTMA analysis [20,21].

In conclusion, although our study was based on a limited and non-selected series,
it does provide a proof of concept that cbTMA can be used for biomarker testing validation
on cytological material (Figure 2). Furthermore, the possible application of this novel
technique in the framework of large-scale post-clinical trials validation studies, multicen-
ter studies, and quality-control programs clearly suggests the huge and yet unexplored
potential of cytological material in the “multiverse” of predictive pathology (Figure 3).

Figure 3. Flow chart of a novel approach for biomarker testing validation on cytological material,
based on the use of cell-block-derived tissue microarray (cbTMA).
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