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Abstract
Introduction: Lung cancer is diagnosed at advanced stage due to lack of early disease symptoms.
Currently we have several different biopsy techniques such as; radial endobronchial ultrasound,
convex probe endobronchial ultrasound, electromagnetic navigation, ct guided biospy and
transthoracic ultrasound biopsy. Novel therapies such as; immunotherapy is being used for
non-small cell lung cancer in the everyday clinical practice as first and second line treatment.
Programmed ligand-1 is essential in order to administer immunotherapy as first line treatment.
Patients and Methods: Two thousands and two patients were included in our study where
programmed ligand 1 was evaluated with DAKO technique and BIOCARE®. Cell blocks were obtain
with convex probe ebus-tbna 22G needle.
Results: The Deming regression between DAKO and BIOCARE clone revealed an amazingly
strong linear relationship as the coefficient of determination indicated (R2=0.999) and the variance
ratio close to 1 (0.978), proving that both techniques can equally well be substituted for each other.
The regression coefficient equals to 1 and the intercept hardly differs from 0 (0.936). In practice, this
relationship permits adopting the economically affordable BIOCARE clone for further medical
considerations.
Conclusion: No statistical difference was observed between DAKO and BIOCARE®, therefore we
propose that both techniques can be used in order to investigate the expression of programmed
ligand 1 with safety. PD-L1 expression was higher in the central mass instead of the lymphnodes.
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Introduction
Lung cancer is still diagnosed at a late stage due
to lack of early symptoms. We are currently looking

for an efficient proposal for lung cancer screening and
early lung cancer detection[1]. There are certainly
http://www.jcancer.org
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early results where an early detection program can
reduce up to 20% of lung cancer deaths, however we
still need to identify the population for screening and
appropiate method [2]. We have novel diagnostic
equipment for periferal nodules or masses such as the
radial ebus and electromagnetic navigation (EMN)
[3-6]. Moreover; cone beam ct is an additional equipment that we can use with both radial-ebus and EMN
for a more efficient real time endobronchial navigation [7]. Convex-Probe endobronchial ultrasound is
used for the diagnosis of central masses/lymphadenopathy and lung cancer staging.[8-10] It has been
observed that the samples obtained from the needles
are efficient for investigation of several genes.[11-13]
Epidermal growth factor (EGFR), anaplastic lymphoma kinase (ALK), ROS proto-oncogene 1 (ROS1),
proto-oncogene B-Raf (BRAF) and programmed
death-ligand 1 (PD-L1) can be investigated in the
sample of a 21G, 22G and 19G needle that convexprobe EBUS is using [12]. Cell-blocks are being
created for 21 and 22G needles while this is not
necessary for the 19G needle. We need cell-blocks or
tissue to investigate ALK, ROS1, BRAF and PD-L1,
while we need just cells or liquid biosy to investigate
EGFR.[14, 15] There are previously published studies
where the PD-L1 can be investigated in cell-blocks
[16-19]. Currently the IHC 22C3pharmDx DAKO
(Companion diagnostic system Dako, Denmark, EU)
is validated and used in the everyday clinical practice
for the evaluation of PD-L1 expression and in many
countries the administration of immunotherapy is
impossible if the expression has been determined with
another clone [20]. In the current study we
investigated the expression of PD-L1 in NSCLC stage
IIIB and IV patients with two clones in the same
cell-block the IHC 22C3pharmDx DAKO (Companion
diagnostic system Dako, Denmark, EU) and [clone:
CAL10 (RTU, CE, IVD), Biocare, CA, USA). The
primary endpoint was to investigate whether there
would be a difference between the expression of the
two clones and the secondary endpoint to investigate
the expression of PD-L1 between the main site (mass)
and metastatic lymphnodes.

Patients and Methods
Patients
In total two housand and two patients were
included from five different departments from the 1st
November 2013 to 31st March 2019. In our retrospective study we included patients that were eligible
for diagnosis specifically with the convex-probe EBUS
procedure and 22G needle. Figure 1.
The patients included were either Stage IIIb or
Stage IV (supplementary data). In specific all patients
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had enlarged lymphnodes of the mesothorax that
could be punctured with convex-probe EBUS (stations
2R/L, 4L/R, 7, 10L/R, 11L and 11superior and
inferior). Some of the patients had also a central mass
where it could be punctured with the operating
system. None of the patients had an endobronchial
mass. Therefore there were 3 group of patients; a)
only mass, b) only lymph nodes and c) both sites. In
any case all patients were stage IIIB or stage IV.
(Table 1.) The histology types included were NSCLC
if it was impossible to subcategorize to adenocarcinoma or squamus, adenocarcinoma, squamous cell
carcinoma and mixed (adenocarcinoma and squamous cell carcinoma).

Figure 1. Sample material with 22G needle

Table 1. Patients characteristics
Mass
Lymph Nodes
Both sites
Stage IIIB
Stage IV
Mean Age
Mean PY

Male
309
188
368
152
813
60.8
60.5

Female
149
393
495
197
840
60
60.2

Mass: biopsy only at the tumor; Lymph nodes: biopsy only in lymph nodes next to
the tumor site; Both: biopsy in central mass and lymphnodes

Methods
The convex-probe EBUS PENTAX EB-1970UK
with a 22G needle was used to take biopsies from
patients either from the main site, metastatic
lymphnodes or both. All patients were sedated and a
rigd bronchoscope (STORZ 12mm with a 11mm
working channel) or tracheal tube number 8.5 or 9
was instered. The mean procedure time from
intubation to last biopsy (four in total for every site)
was 15 minutes. In the operating theater there was the
operator, a nurse and the anesthisiologist. In all
patients jet-ventilation respiration mode was used in
order to avoid hypercapnia. All patients had
previously CT of the thorax, PET-CT and elastography was used during the procedure in order to
evaluate the pancture site (Figures 2-3).
http://www.jcancer.org
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Figure 2. PET-CT and CT scan of different patients included

Figure 3. From left to right; PENTAX Convex-Probe EBUS, 22G Needle and right elastography during procedure (blue being the optimal biopsy site)

Cell-Blocks
The speciment of fine needle aspiration (FNA)
remains in the hub of cytolyt solution until it arrives
in the laboratory. The material centriguged in a
centrifuge tube at 2000rpm for ten minutes.
Microscopic tissue fragments are easily recoverable in
paraffin cellblock and it follows the protocol of a
tissue device in the histopathology laboratory. This
process during 10h41min. Routine H&E staining is
used on all cellblock sections. (Figure 4.)

PD-L1 evaluation
Staining protocol for PD-L1 IHC 22C3pharmDx
DAKO (Companion diagnostic system
Dako,Denmark,EU.)
Tissue sections of 2μ wide were performed on

positive charged slides and deparafinized in an
incubator at 560 C. Dehydration of the sections
followed and the tissues embedded in Target Retrieval Solution, Low pH (Code RT100/PT101/PT200
Dako) for 20 minutes at 66o C for antigen retrieval.
When the tissues retained room temperature, were
capable for the automate technique in the Autostainer
Link 48 (Dako) under complete automate and stable
conditions using additionally external positive and
negative cell line controls. Primary and secondary
antibodies performed and followed by polymer, Link
reagents and Counterstain with Hematoxyline
(CodeK8008). Rinsing and reagents time were
preprogrammed in the Dako Link software. Mounting
of the sections were performed outside of the
Autostainer with non-aqueous, permanent media.
(Figure 5.)
http://www.jcancer.org
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Staining protocol for Programmed death-ligand 1
(PD-L1) [clone: CAL10 (RTU, CE, IVD), Biocare, CA,
USA)
Immunohistochemistry was performed in 2micron tissues on positive charged slides after
deparafinization, dehydration and antigen retrieval
which were completed in the Autostainer platform
BOND MaxTM (Leica Biosystems, Wetzlar,G). The
primary antibody ((PD-L1) [clone: CAL10 (RTU, CE,
IVD), Biocare, CA, USA) was “ready to use” (RTU)
and the incubation time was 20 minutes followed by
secondary antibody and Linker, provided by the
Autostainer platform reagents. Then the sections were
counterstained with Hematoxylin and mounted with
non-aqueous, permanent media. For external positive
control, tonsil sections were used. (Figure 6.)

Figure 4. Storage bottle of the biopsy material

Figure 5. DAKO: left side X 10 magnification, middle: X 40 magnification, right side: X 400 magnification

Figure 6. BioCare: left side X 10 magnification, middle: X 40 magnification, right side: X 400 magnification.

http://www.jcancer.org
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Results
Statistical analysis
The two testing techniques DAKO and
BIOCARE
were
recorded
quantitatively
as
expressions 2(DAKO technique) and 3(BIOCARE
technique) correspondingly. A Deming regression
was applied to the two expressions in order to explore
how closely are affiliated each other. This regression
also known as Model 2 assumes that both variables
are measured randomly and thus share their own
variation in the relationship. Data were analyzed
using the JMP 14.0 (2018, SAS Institute Inc.) software.

Results
The Deming regression between expressions 2
(DAKO technique) and 3 (BIOCARE technique)
revealed an amazingly strong linear relationship
(Figure 7.) as the coefficient of determination
indicated (R2=0.999) and the variance ratio close to 1
(0.978), proving that both techniques can equally well
be substituted for each other. The regression
coefficient equals to 1 and the intercept hardly differs
from 0 (0.936). In practice, this relationship permits
adopting the economically affordable expression3
(BIOCARE technique) for further medical considerations.
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The traditionally applied expression2(DAKO
technique) was further regressed against infection
site, meta locations, histology type and PY to detect
potential effects on response. The results are shown in
Table 2. in which site, meta and histology (in order of
significance) explain 44.1% of the total variation
excluding the insignificant effect of PY.
The infection site signals that areas 0 (mass) and
2 (both mass and lymphnodes) attain equally
(confidence intervals of means overlap) much higher
expression values than that in site 1 (lymph nodes)
(Table 3.).
Meta locations show clearly two patterns of
expression means, one with low values composed by
the categories 1 (bone), 2 (BRAIN) and 3 (lymph
nodes) and another with high values including the
locations 4 (liver), 5 (adrenal gland) and 7 (more than
1 metastasis). (Table 4.)
Table 2. Analysis of variance of four main effects on the
expression2 response and order of significance based on the
logworth exact probability value, –log(p).

Table 3. Descriptive statistics and least square means plot of
expression2 in the three infection sites.

Figure 7. Bivariate regression between the expressions 2 (DAKO) and 3
(BIOCARE) and related statistics.
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Interestingly, the expression means of meta
locations 1 (bones) and 2 (brain) are significantly
below the threshold of 50 units since their confidence
intervals do not cross that value.
Finally, histology type 1 (adenocarcinoma)
reaches an expression mean value greater than 70
units which is obviously much higher than those from
the types 0 (NSCLC) and 2 (squamous cell carcinoma)
whose means also do not differ significantly. (Table
5.)
Table 4. Descriptive statistics and least square means plot of
expression2(DAKO technique) in the seven meta locations.

Table 5. Descriptive statistics and least square means plot of
expression2 (DAKO technique) in the three histology types.
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Discussion
The investigation of PD-L1 expression in patients
with advanced stage disease is crucial. Previously
published studies in NSCLC with immunotherapy as
first line treatment alone have presented increased
progression free survial and longlasting responses in
specific patients with increased PD-L1 expression [21,
22]. Currently there is an investigation towards
combining chemotherapy and/or radiotherapy in
order to increase the immunotherapy treating effect as
first line treatment [23, 24]. In any case the first step is
to have a representative tissue sample from the
disease and then make a molecular analysis. The word
“representative” corresponds to the sample from the
primary site, where tumor burden is higher and it is
most likely that all mutations if any exist in a patient
and can be identified. Based on previous studies and
our current study the expression of PD-L1 was higher
in the main site instead of lymphnodes [25]. It has
been observed during surgery that metastatic
lymphnodes had less PD-L1 expression compared to
the primary site (mass), an observation that we also
made [26]. There was no difference of PD-L1
expression between the two sex, although there is
recent literature where the sex is a predictive disease
marker for immunotherapy [27]. There is a previously
published study were small biopsies were identified
to be as reliable as surgical biopsies [26]. We have
observed PD-L1 expression heterogeneity in tumors
other than lung cancer, however; one could suspect
the same for lung cancer [28, 29]. There are previous
studies where regarding EGFR mutations we
concluded that “tissue” is the issue, meaning that we
might have acquired a sample from the tumor
however not a part with PD-L1 expression or ≥50
PD-L1 expression which is the cut off measurement
for first line single agent immunotherapy [30]. There
are patients which very rarely present two mutations
such as, EGFR and PD-L1, even in the case where
PD-L1 expression is ≥50 then the patient should be
treated with tyrosine kinase inhibitor [31]. Tumor
molecular transformation has been also observed
where patients without PD-L1 expression after
surgery presented PD-L1 expression [13]. Elastography is a method for rapid on site evaluation of a
lesion in order to investigate benignancy or
malignancy. Moreover, we can evaluate the best site
to puncture and acquire sample, although to target a
specific area is very difficult in lesions ≤3cm [32, 33].
In our current study we present a large number of
patients with cell-block biopsies which we know from
previous studies that is an efficient material for PD-L1
expression investigation. We observed that both
methods have the same measurements with and the
slightest differences we conclude that they were due
http://www.jcancer.org
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to the difference slice obtained from the cell block in
order to do the measurement of the second clone. In
our study we concluded that PD-L1 expression is
higher in the primary site instead of lymphnode in the
mesothorax, however; we do not have data for other
metastatic sites. To date only clinical observation
during treatment with immunotherapy can justify a
biopsy in an non-responding metastatic site. Indeed
we have observed in case reports that non-responding
metastatic do not have molecular expression of the
primary site (EGFR, ALK, ROS1, ALK or PD-L1) or
there are cases where we have a different lung cancer
or lung cancer transformation [34-36].
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