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A B S T R A C T   

Objectives: Immunohistochemical expression of programmed death-ligand 1 (PD-L1) is used as a predictive 
biomarker for prescription of immunotherapy to non-small cell lung cancer (NSCLC) patients. Accurate assess
ment of PD-L1 expression is therefore crucial. In this study, the extent of interlaboratory variation in PD-L1 
positivity in the Netherlands was assessed, using real-world clinical pathology data. 
Materials and Methods: Data on all NSCLC patients in the Netherlands with a mention of PD-L1 testing in their 
pathology report from July 2017 to December 2018 were extracted from PALGA, the nationwide network and 
registry of histo- and cytopathology in the Netherlands. PD-L1 positivity rates were determined for each labo
ratory that performed PD-L1 testing, with separate analyses for histological and cytological material. Two cutoffs 
(1% and 50%) were used to determine PD-L1 positivity. Differences between laboratories were assessed using 
funnel plots with 95% confidence limits around the overall mean. 
Results: 6,354 patients from 30 laboratories were included in the analysis of histology data. At the 1% cutoff, 
maximum interlaboratory variation was 39.1% (32.7%− 71.8%) and ten laboratories (33.3%) differed signifi
cantly from the mean. Using the 50% cutoff, four laboratories (13.3%) differed significantly from the mean and 
maximum variation was 23.1% (17.2%− 40.3%). In the analysis of cytology data, 1,868 patients from 23 labo
ratories were included. Eight laboratories (34.8%) differed significantly from the mean in the analyses of both 
cutoffs. Maximum variation was 41.2% (32.2%− 73.4%) and 29.2% (14.7%− 43.9%) using the 1% and 50% 
cutoffs, respectively. 
Conclusion: Considerable interlaboratory variation in PD-L1 positivity was observed. Variation was largest using 
the 1% cutoff. At the 50% cutoff, analysis of cytology data demonstrated a higher degree of variation than the 
analysis of histology data.   

1. Introduction 

Therapies targeting programmed death receptor-1 (PD-1) or its 
ligand programmed death ligand-1 (PD-L1) have become a relevant 
component of standard treatment regimens in patients with advanced 
non-small cell lung cancer (NSCLC) [1,2]. In clinical practice, oncolo
gists rely on results from PD-L1 immunohistochemistry (IHC) to make 
treatment decisions for NSCLC patients. PD-L1 IHC is performed in 

pathology laboratories and assessed by pathologists, who determine the 
percentage of tumor cells that show PD-L1 expression relative to the 
total amount of tumor cells present (tumor proportion score (TPS)). 
Based on the TPS, patients are offered different treatment options. For 
instance, in many European countries, the PD-L1 inhibitor durvalumab, 
prescribed as consolidation treatment to stage III NSCLC patients, is only 
reimbursed for patients whose tumors show a PD-L1 TPS of ≥ 1%. This is 
based on advice from the European Medicines Agency (EMA) [3]. 

Abbreviations: CCMO, Central Committee on Research involving Human Subjects; EMA, European Medicines Agency; EQA, external quality assessment; GDPR, 
General Data Protection Regulation; IHC, immunohistochemistry; LDT, laboratory-developed test; NSCLC, non-small cell lung cancer; PD-1, programmed death 
receptor-1; PD-L1, programmed death ligand-1; TCs, tumor cells; TPS, tumor proportion score. 
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Similarly, only patients with advanced NSCLC whose tumor biopsy ex
presses a PD-L1 TPS of ≥ 50% are offered the option of monotherapy 
with the PD-1 inhibitor pembrolizumab, which is significantly better 
tolerated than the standard combination strategy which includes 
chemotherapy [1,2]. Therefore, it is crucial that TPS is determined 
reliably by all pathology laboratories that perform PD-L1 IHC. 

An important factor in accurate assessment of PD-L1 TPS is the 
scoring performed by pathologists. Studies have shown that in a real- 
world clinical setting, substantial variation exists in histologic grading 
of various tumor types between laboratories [4–7]. Regarding PD-L1, it 
has been reported that inter-pathologist agreement of PD-L1 scoring on 
tumor cells may be high, but is often found to be decreased when using 
the 1% cutoff [8]. Discordance in PD-L1 scoring between pathologists 
might result in a high degree of variation in PD-L1 positivity rates be
tween laboratories. Whether this is in fact true for clinical practice, is of 
yet unknown. 

Other analytical and pre-analytical factors of IHC could also 
contribute to interlaboratory variation in positivity rates of IHC bio
markers [9,10]. With PD-L1 IHC, laboratories may for instance differ in 
their choice of antibody, as multiple antibodies are available and it is 
unfeasible for laboratories to use more than one antibody for the same 
test [10]. Some studies have questioned whether different PD-L1 assays 
and laboratory-developed tests (LDTs) can be used interchangeably 
[8,11]. Furthermore, whereas processing of histological material is often 
performed in a similar way by different laboratories, many differences 
can be found in processing of cytological material [12–14]. It is possible 
that these differences might increase interlaboratory variation in PD-L1 
positivity. 

A high degree of variation in PD-L1 positivity rates between pa
thology laboratories could result in patients being scored as PD-L1 
positive in one laboratory and as PD-L1 negative in another. This 
could lead to patients being denied effective treatment options or being 
exposed to unnecessary toxicity. In order to determine whether this may 
be the case in the real-world setting, we conducted a retrospective 
cohort study to assess the existence of interlaboratory variation in PD-L1 
positivity in clinical practice in the Netherlands, using real-world clin
ical pathology data of NSCLC patients. 

2. Materials and methods 

2.1. Data extraction 

Data were extracted from a national database governed by the 
PALGA foundation, the nationwide network and registry of histo- and 
cytopathology in the Netherlands. This database contains excerpts from 
pathology reports dating back to 1971 and manages all pathology re
cords from all Dutch pathology laboratories since 1991 [15]. Patients at 
each individual institution connected to PALGA can opt-out of con
senting to the use of their data for research, which is estimated to occur 
in 3% of all patients [16]. All personal data in the database are pseu
donymized by a Trusted Third Party (ZorgTTP, Houten, the 
Netherlands), ensuring that individual patients are not identifiable. 
According to the Central Committee on Research involving Human 
Subjects (CCMO), this type of study does not require approval from an 
ethics committee in the Netherlands. This study was approved by PAL
GA’s Scientific Council and Privacy Committee and all data was handled 
according to the General Data Protection Regulation (GDPR). 

Data were retrieved on all NSCLC patients in the Netherlands with a 
mention of PD-L1 testing in their pathology report between 1 July 2017 
and 31 December 2018. Patients with two primary lung tumors were 
excluded, since treatment of the one tumor might have influenced PD-L1 
expression on the other tumor [17,18]. For each patient, the following 
data were extracted: age, sex, histologic subtype, amount of PD-L1 tests 
performed, source of material for PD-L1 test(s), type of material for PD- 
L1 test(s), antibody and protocol (commercial assay or LDT) used for PD- 
L1 test(s), reported TPS and number of tumor cells (TCs) present. 

Additionally, information on academic or non-academic status was 
subtracted for each laboratory. 

2.2. Analysis of interlaboratory variation in PD-L1 positivity 

To study variation in PD-L1 positivity, we compared the percentages 
of reported PD-L1 positive patients between all laboratories that per
formed PD-L1 testing. We determined PD-L1 positivity based on two 
cutoffs for TPS relevant in clinical practice, i.e. ≥ 1% and ≥ 50%. 
Interlaboratory variation was studied with separate analyses for each of 
these cutoffs: one analysis with data dichotomized according to the 1% 
cutoff, and one with data dichotomized according to the 50% cutoff. 
Moreover, since processing of cytological material may vary greatly 
between laboratories, we analyzed histological and cytological material 
separately. 

For each patient, only one PD-L1 test was included for analysis. If 
patients had had PD-L1 testing performed on both histological and 
cytological material, they were included in both the analysis of histo
logical material and the analysis of cytological material. Only labora
tories that performed PD-L1 testing in ≥ 30 patients during the study 
period were included in the final analyses. If test results of patients with 
multiple PD-L1 tests performed on the same type of material (either all 
on histology or all on cytology) were discordant, these patients were 
excluded. Patients with inconclusive test results only and patients with 
tests without a reported TPS were excluded as well. 

2.3. Analysis based on IHC antibody and protocol 

In order to get a preliminary idea of the role that different antibodies 
might play in causing variation in PD-L1 positivity, separate analyses 
were performed that incorporated information on use of IHC antibody 
and protocol (commercial assay or LDT) by individual laboratories in 
plots displaying interlaboratory variation in PD-L1 positivity rates. 
These plots were created using histology data only. 

2.4. Statistical analysis 

Patient and PD-L1 test characteristics were summarized using counts 
and proportions for histological and cytological material separately. 
Differences between PD-L1 positive and negative subgroups were tested 
by using a χ2-test for categorical variables and a t-test for continuous 
variables. 

The overall proportions of PD-L1 positivity were determined for 
histological and cytological material separately, using both the 1% 
cutoff and the 50% cutoff. These overall proportions were considered 
the mean national proportion. Differences in PD-L1 positivity rates be
tween laboratories were assessed by creating funnel plots, which display 
the mean national proportion of PD-L1 positivity with its 95% confi
dence limits and the percentage of PD-L1 positive patients plotted 
against the total number of patients tested for each laboratory. This al
lows for comparison of laboratories to each other and to the mean [19]. 
All laboratories falling outside the 95% confidence limits were consid
ered to differ significantly from the mean. Academic and non-academic 
laboratories were indicated separately within the funnel plots. 

The positivity rates displayed in the funnel plots for each individual 
laboratory were adjusted for case mix (i.e. difference in patient and test 
characteristics) by performing multivariate logistic regression analysis 
using predetermined variables. These variables included age, sex, his
tologic subtype and source of material for PD-L1 testing. For the analysis 
of histology data, type of material (i.e. biopsy or resection) was also 
added to the logistic regression model. As information on the IHC 
antibody and/or protocol used for PD-L1 testing was lacking in a 
considerable percentage of cases (in 32.3% and 40.3% of cases using 
histology and cytology data, respectively), this variable was not 
included in the main multivariate logistic regression model. In order to 
get a general idea of the role that use of different IHC antibodies and 
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protocols might play in causing interlaboratory variation in PD-L1 
positivity, additional case mix adjusted PD-L1 positivity rates were 
calculated using multivariate logistic regression analysis that did 
include the variable IHC antibody/protocol. These positivity rates were 
then compared with the case mix adjusted positivity rates without the 
variable IHC antibody/protocol, by displaying both in one funnel plot. 
Case mix adjusted positivity rates were determined by dividing the 
observed percentage of PD-L1 positive patients per laboratory by the 
expected percentage, based on the multivariate logistic regression 
model, followed by multiplying with the national mean percentage of 
PD-L1 positivity. 

All statistical analysis was performed using IBM SPSS Statistics 
version 25. 

3. Results 

3.1. Patient selection process 

Data of 9,153 NSCLC patients with a mention of PD-L1 in their pa
thology report were retrieved from the PALGA database. PD-L1 testing 
was performed on histological and/or cytological material of 8,725 of 
these patients, with 10,625 PD-L1 tests performed in total. Data from 42 
pathology laboratories were included in the dataset, of which 32 per
formed PD-L1 testing themselves. PD-L1 testing was performed on his
tological material in 6,755 cases and on cytological material in 2,300 
cases. For the analysis of histology data, two laboratories that performed 
PD-L1 testing in < 30 patients were excluded, resulting in exclusion of 
43 patients. After exclusion of patients with discordant results of mul
tiple PD-L1 tests (n = 178), patients with inconclusive test results only 
(n = 166) and patients with tests with unknown TPS (n = 14), 6,354 
patients from 30 laboratories remained for analysis of interlaboratory 
variation using data on histological material (Fig. 1). The 166 patients 
with inconclusive test results only had a total of 177 tests performed. Of 

these tests, 143 (80.8%) were inconclusive because the amount of viable 
tumor cells was insufficient (< 100). In the remaining cases, various 
reasons why the test was considered inconclusive were reported, such as 
too much background staining, hard to distinguish tumor cells within 
inflammatory infiltrate, and mechanical damage to tissue. In some cases, 
the reason why the test was considered inconclusive was not reported. 
For the analysis of cytology data, patients from nine laboratories that 
performed PD-L1 testing in < 30 patients were excluded (n = 111). 
1,868 patients from 23 laboratories remained for analysis of inter
laboratory variation after exclusion of patients with discordant results of 
multiple PD-L1 tests (n = 23), patients with inconclusive test results only 
(n = 290) and patients with tests with unknown TPS (n = 8) (Fig. 1). A 
total of 309 tests was performed in the patients with inconclusive test 
results only. In 236 (76.4%) of these tests, there was an insufficient 
amount of viable tumor cells (< 100). 

Characteristics of all patients included in the analysis of histology 
data are displayed in Table 1. Proportions significantly differed between 
PD-L1 positivity and negativity across histologic subtype, source of 
material, and type of material for both cutoffs (i.e. 1% and 50%) and 
across IHC antibody/protocol at the 1% cutoff, although the observed 
differences in percentages were sometimes small and not always clini
cally relevant. Table 2 shows the characteristics of all patients included 
in the analysis of cytology data. Proportions across sex, histologic sub
type and IHC antibody/protocol differed significantly between PD-L1 
positivity and PD-L1 negativity for both cutoffs. All differences in pa
tient/specimen characteristics between PD-L1 positivity and PD-L1 
negativity displayed in Table 1 and Table 2 were corrected for 
through multivariate logistic regression in our final data analyses, 
except for the differences in IHC antibody/protocol, since it was un
known which PD-L1 antibody and/or staining protocol was used in a 
considerable percentage of cases. 

Fig. 1. Flowchart of patient selection process. Abbreviations: NSCLC = non-small cell lung cancer; PD-L1 = programmed death-ligand 1; TPS = tumor propor
tion score. 
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3.2. Interlaboratory variation in PD-L1 positivity: Histology 

Thirty laboratories performed PD-L1 testing on histological material 
of ≥ 30 patients. Using the 1% cutoff to determine PD-L1 positivity, the 
mean national proportion of PD-L1 positive patients was 56.5%. The 
case mix adjusted positivity rates of the individual laboratories ranged 
from 32.7% to 71.8%, resulting in a maximum variation of 39.1% be
tween laboratories. Ten (33.3%) laboratories differed significantly from 
the mean (Fig. 2a). 

When the 50% cutoff was used to determine PD-L1 positivity, the 
mean national proportion of PD-L1 positive patients was 31.0%. With 
this cutoff, the case mix adjusted positivity rates of the individual lab
oratories ranged from 17.2% to 40.3%, resulting in a maximum 

variation of 23.1%. Four (13.3%) laboratories differed significantly from 
the mean (Fig. 2b). 

When comparing academic and non-academic laboratories in the 
funnel plots of both cutoffs, there did not appear to be any obvious 
clustering of academic or non-academic laboratories on one side of the 
national mean. Of the ten laboratories that differed significantly from 
the mean at the 1% cutoff, four were academic. In the analysis of the 
50% cutoff, two of four laboratories that differed significantly from the 
mean were academic laboratories. 

3.3. Interlaboratory variation in PD-L1 positivity: Cytology 

Twenty-three laboratories performed PD-L1 testing on cytological 

Table 1 
Characteristics for two sets of groups (PD-L1 < 1% vs. PD-L1 ≥ 1% and PD-L1 < 50% vs. PD-L1 ≥ 50%) using data on histological material only.   

Total (n = 6354) PD-L1 < 1%(n = 2763) PD-L1 ≥ 1%(n = 3591) p-value PD-L1 < 50%(n = 4387) PD-L1 ≥ 50%(n = 1967) p-value 

Age in years (mean (SD)) 67.1 (9.6) 67.1 (9.4) 67.1 (9.7)  0.90 67.2 (9.5) 66.9 (9.7)  0.37 
Sex 

Male 
Female  

3498 (55.1%) 
2856 (44.9%)  

1518 (54.9%) 
1245 (45.1%)  

1980 (55.1%) 
1611 (44.9%)   

0.88  2420 (55.2%) 
1967 (44.8%)  

1078 (54.8%) 
889 (45.2%)   

0.79 

Histologic subtype 
AC 
SCC 
NSCLC NOS 
Other  

4139 (65.1%) 
1484 (23.4%) 
504 (7.9%) 
227 (3.6%)  

1769 (64.0%) 
664 (24.0%) 
196 (7.1%) 
134 (4.8%)  

2370 (66.0%) 
820 (22.8%) 
308 (8.6%) 
93 (2.6%)   

<0.001  2774 (63.2%) 
1116 (25.4%) 
322 (7.3%) 
175 (4.0%)  

1365 (69.4%) 
368 (18.7%) 
182 (9.3%) 
52 (2.6%)   

<0.001 

Source of material 
Primary tumor 
Metastasis 
Lymph node metastasis 
Other  

3935 (61.9%) 
1493 (23.5%) 
863 (13.6%) 
63 (1.0%)  

1714 (62.0%) 
700 (25.3%) 
316 (11.4%) 
33 (1.2%)  

2221 (61.8%) 
793 (22.1%) 
547 (15.2%) 
30 (0.8%)   

<0.001  2769 (63.1%) 
1049 (23.9%) 
514 (11.7%) 
55 (1.3%)  

1166 (59.3%) 
444 (22.6%) 
349 (17.7%) 
8 (0.4%)   

<0.001 

Type of material 
Biopsy 
Surgical resection  

5467 (86.0%) 
887 (14.0%)  

2342 (84.8%) 
421 (15.2%)  

3125 (87.0%) 
466 (13.0%)   

0.01  8736 (85.2%) 
651 (14.8%)  

1731 (88.0%) 
236 (12.0%)   

<0.01 

IHC antibody/protocol 
SP263 
22C3 LDT 
22C3 pharmDx  
22C3 ? 

Other 
Unknown  

2084 (32.8%) 
1437 (22.6%) 
630 (9.9%) 
1262 (19.9%) 
155 (2.4%) 
786 (12.4%)  

882 (31.9%) 
647 (23.4%) 
244 (8.8%) 
521 (18.9%) 
76 (2.8%) 
393 (14.2%)  

1202 (33.5%) 
790 (22.0%) 
386 (10.7%) 
741 (20.1%) 
79 (2.2%) 
393 (10.9%)   

<0.001  1448 (33.0%) 
1010 (23.0%) 
405 (9.2%) 
855 (19.5%) 
110 (2.5%) 
559 (12.7%)  

636 (32.3%) 
427 (21.7%) 
225 (11.4%) 
407 (20.7%) 
45 (2.3%) 
227 (11.5%)  

0.06 

Abbreviations: AC = adenocarcinoma; IHC = immunohistochemistry; LDT = laboratory-developed test; NOS = not otherwise specified; NSCLC = non-small cell lung 
cancer; PD-L1 = programmed death-ligand 1; SD = standard deviation; SCC = squamous cell carcinoma; ? = IHC protocol unknown. 

Table 2 
Characteristics for two sets of groups (PD-L1 < 1% vs. PD-L1 ≥ 1% and PD-L1 < 50% vs. PD-L1 ≥ 50%) using data on cytological material only.   

Total(n = 1868) PD-L1 < 1%(n = 907) PD-L1 ≥ 1%(n = 961) p-value PD-L1 < 50%(n = 1330) PD-L1 ≥ 50%(n = 538) p-value 

Age in years (mean (SD)) 66.9 (10.1) 66.9 (10.2) 66.8 (10.1)  0.79 66.9 (10.2) 66.7 (10.1)  0.72 
Sex 

Male 
Female  

998 (53.4%) 
870 (46.6%)  

523 (57.7%) 
384 (42.3%)  

475 (49.4%) 
486 (50.6%)   

<0.001  743 (55.9%) 
587 (44.1%)  

255 (47.4%) 
283 (52.6%)   

0.001 

Histologic subtype 
AC 
SCC 
NSCLC NOS 
Other  

1445 (77.4%) 
243 (13.0%) 
160 (8.6%) 
20 (1.1%)  

663 (73.1%) 
141 (15.5%) 
89 (9.8%) 
14 (1.5%)  

782 (81.4%) 
102 (10.6%) 
71 (7.4%) 
6 (0.6%)   

<0.001  996 (74.9%) 
193 (14.5%) 
125 (9.4%) 
16 (1.2%)  

449 (83.3%) 
50 (9.3%) 
35 (6.5%) 
4 (0.7%)   

0.001 

Source of material 
Primary tumor 
Metastasis 
Lymph node metastasis 
Pleural effusion 
Bronchial brush/fluid  

100 (5.4%) 
128 (6.9%) 
1047 (56.0%) 
494 (26.4%) 
99 (5.3%)  

50 (5.5%) 
69 (7.6%) 
520 (57.3%) 
219 (24.1%) 
49 (5.4%)  

50 (5.2%) 
59 (6.1%) 
527 (54.8%) 
275 (28.6%) 
50 (5.2%)   

0.23  73 (5.5%) 
90 (6.8%) 
735 (55.3%) 
351 (26.4%) 
81 (6.1%)  

27 (5.0%) 
38 (7.1%) 
312 (58.0%) 
143 (26.6%) 
18 (3.3%)   

0.19 

IHC antibody/protocol 
SP263 
22C3 LDT 
22C3 pharmDx  
22C3 ? 

Other 
Unknown  

483 (25.9%) 
464 (24.8%) 
104 (5.6%) 
372 (19.9%) 
63 (3.4%) 
382 (20.4%)  

274 (30.2%) 
228 (25.1%) 
47 (5.2%) 
146 (16.1%) 
21 (2.3%) 
191 (21.1%)  

209 (21.7%) 
236 (24.6%) 
57 (5.9%) 
226 (23.5%) 
42 (4.4%) 
191 (19.9%)   

<0.001  380 (28.6%) 
326 (24.5%) 
75 (5.6%) 
243 (18.3%) 
38 (2.9%) 
268 (20.2%)  

103 (19.1%) 
138 (25.7%) 
29 (5.4%) 
129 (24.0%) 
25 (4.6%) 
114 (21.2%)   

<0.001 

Abbreviations: AC = adenocarcinoma; IHC = immunohistochemistry; LDT = laboratory-developed test; NOS = not otherwise specified; NSCLC = non-small cell lung 
cancer; PD-L1 = programmed death-ligand 1; SD = standard deviation; SCC = squamous cell carcinoma; ? = IHC protocol unknown. 
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material of ≥ 30 patients. When the 1% cutoff was used to determine PD- 
L1 positivity, the mean national proportion of PD-L1 positive patients 
was 51.4%. Individual laboratory case mix adjusted positivity rates 
ranged from 32.2% to 73.4%, resulting in a maximum variation of 
41.2%. Eight (34.8%) laboratories differed significantly from the mean 
(Fig. 3a). 

Using the 50% cutoff to determine PD-L1 positivity, the mean na
tional proportion of PD-L1 positive patients was 28.8%. This time, case 
mix adjusted positivity rates of individual laboratories ranged from 
14.7% to 43.9%, resulting in a maximum variation of 29.2%. Again, 
eight (34.8%) laboratories differed significantly from the mean 
(Fig. 3b). 

A comparison of academic and non-academic laboratories in the 

funnel plots of both cutoffs showed no obvious clustering of academic or 
non-academic laboratories on one side of the national mean. Of the eight 
laboratories that differed significantly from the mean at the 1% cutoff, 
three were academic. In the analysis of the 50% cutoff, four of eight 
laboratories that differed significantly from the mean were academic 
laboratories. 

3.4. Comparing laboratories that differ significantly from the mean 

All 23 laboratories that were included in the analysis of cytology 
data, were also included in the analysis of histology data. When using 
the 1% cutoff to determine PD-L1 positivity, only two of these 23 lab
oratories differed significantly from the mean in both the analysis of 

Fig. 2. Funnel plots showing interlaboratory variation in PD-L1 positivity, based on histology data and using either a 1% cutoff (a) or a 50% cutoff (b) to determine 
PD-L1 positivity. Case mix adjusted positivity rates are displayed for each laboratory, plotted against the total number of patients tested for PD-L1. The black line 
shows the mean national proportion of PD-L1 positive patients, surrounded by its 95% confidence limits (dotted lines). 
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histology data and the analysis of cytology data. Using the 50% cutoff, 
only one laboratory differed significantly from the mean in both ana
lyses. Seven laboratories were included in the analysis of histology data 
only. Three of these seven laboratories differed significantly from the 
mean in the analysis of the 1% cutoff, and one differed significantly from 
the mean in the analysis of the 50% cutoff. 

3.5. PD-L1 IHC antibodies and protocols 

In order to analyze the role that use of different PD-L1 IHC antibodies 
and protocols (commercial assay or LDT) might play in causing inter
laboratory variation in PD-L1 positivity, information on PD-L1 IHC 

antibodies and protocols used by individual laboratories was incorpo
rated in the funnel plots for histological material (see Supplementary 
Figure 1a and b). There did not appear to be any obvious clustering of 
specific IHC antibodies on one side of the national mean and the labo
ratories that differed significantly from the mean used various anti
bodies. Additionally, no obvious differences were observed between 
commercial assays and LDTs. 

PD-L1 positivity rates that were adjusted for case mix with inclusion 
of the variable IHC antibody/protocol ranged from 33.2% to 68.4% at 
the 1% cutoff, resulting in a maximum variation of 35.2% between 
laboratories. This range was smaller than the range in PD-L1 positivity 
rates adjusted for case mix without IHC antibody/protocol (maximum 

Fig. 3. Funnel plots showing interlaboratory variation in PD-L1 positivity, based on cytology data and using either a 1% cutoff (a) or a 50% cutoff (b) to determine 
PD-L1 positivity. Case mix adjusted positivity rates are displayed for each laboratory, plotted against the total number of patients tested for PD-L1. The black line 
shows the mean national proportion of PD-L1 positive patients, surrounded by its 95% confidence limits (dotted lines). 
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variation 35.2% vs. 39.1%). With the inclusion of IHC antibody/proto
col in case mix adjustment, nine (30.0%) laboratories differed signifi
cantly from the mean, which is one less than in the analysis excluding 
IHC antibody/protocol from case mix adjustment. From the laboratories 
with known PD-L1 antibody and protocol, inclusion of IHC antibody/ 
protocol in case mix adjustment showed the largest effect on labora
tories that used the commercial 22C3 pharmDx assay (Supplementary 
Figure 2a). 

At the 50% cutoff, PD-L1 positivity rates adjusted for case mix with 
inclusion of the variable IHC antibody/protocol ranged from 17.3% to 
38.4%, resulting in a maximum variation of 21.1%. There was slightly 
less variation compared to the analysis of PD-L1 positivity rates adjusted 
for case mix not including IHC antibody/protocol (maximum variation 
21.1% vs. 23.1%). With the inclusion of IHC antibody/protocol in case 
mix adjustment, only two (6.7%) laboratories differed significantly from 
the mean, which was two less than in the analysis excluding IHC anti
body/protocol from case mix adjustment. Similar to the analysis at the 
1% cutoff, inclusion of IHC antibody/protocol in case mix adjustment 
showed the largest effect on laboratories that used the commercial 22C3 
pharmDx assay (Supplementary Figure 2b). 

4. Discussion 

In this nationwide cohort of NSCLC patients, using real-world clinical 
pathology data, a considerable amount of variation in PD-L1 positivity 
was found between laboratories. The amount of variation was largest 
when a 1% cutoff was used to determine PD-L1 positivity. When using a 
50% cutoff, use of cytological material for PD-L1 testing also resulted in 
a substantial amount of variation. Use of the 50% cutoff to determine 
PD-L1 positivity on histological material resulted in the smallest amount 
of interlaboratory variation in PD-L1 positivity. 

With regard to the analysis of histology data, the difference in 
amount of variation between the 1% and the 50% cutoff is prominent. 
The degree of variation seen at the 50% cutoff is a lot smaller compared 
to the 1% cutoff. Most likely, the higher amount of variation seen when 
using the 1% cutoff is caused to a large extent by a higher degree of inter- 
pathologist variation at this cutoff compared to the 50% cutoff. Several 
studies have, in fact, demonstrated lower concordance levels of PD-L1 
scoring on TCs between pathologists at the 1% cutoff in comparison to 
the 50% cutoff [20–26]. Apparently, determining PD-L1 positivity using 
a 1% cutoff is harder than determining PD-L1 positivity at the 50% 
cutoff level. When some pathologists have a tendency to score dubious 
cases with a TPS that lies around 1% as PD-L1 positive, while other 
pathologists are more conservative in their PD-L1 scoring, this could 
easily lead to a high degree of variation in PD-L1 positivity rates be
tween pathology laboratories. Subsequently, this would influence 
treatment decisions and possibly outcome for individual NSCLC 
patients. 

It is remarkable that PD-L1 testing was performed on cytological 
material in a considerable amount of cases, even though PD-L1 immu
nostaining on cytological specimens was not validated in clinical trials 
and only a limited amount of studies had assessed histologic-cytologic 
correlation of PD-L1 immunohistochemistry during our study period 
[26–29]. Interestingly, use of cytological material not only resulted in a 
substantial amount of interlaboratory variation in PD-L1 positivity at the 
1% cutoff, but also at the 50% cutoff. Moreover, most of the laboratories 
differing significantly from the mean in analysis of cytology data were 
different laboratories than the ones that differed significantly from the 
mean in analysis of histology data. This suggests that, besides inter- 
pathologist variation in scoring of PD-L1 TPS, use of cytological mate
rial may also contribute to interlaboratory variation in PD-L1 positivity. 
We hypothesize that this is most likely a result of the previously 
mentioned differences in processing of cytology [12–14]. This may 
include the use of fixatives other than formalin, such as alcohol-based 
fixatives, which have been shown to negatively influence immunore
activity of various IHC antibodies [30–34]. Use of CytoLyt, a methanol- 

based fixative, has been shown to negatively affect PD-L1 immuno
staining [35]. When laboratories use this fixative on cytological mate
rial, this might result in a PD-L1 positivity rate that is substantially lower 
than that of laboratories that use formalin fixation, for instance. Un
fortunately, data extracted from the PALGA database do not contain any 
information about processing of cytological specimens. Analysis of 
interlaboratory variation in PD-L1 positivity rate in relation to different 
methods of processing of cytology of each laboratory, could create more 
insight into the influence of different processing methods on PD-L1 
variation. 

Even though the processing of histology samples often shows more 
similarities between different laboratories than the processing of 
cytology samples, it is still imaginable that differences in pre-analytical 
variables in the acquisition and processing of histological material could 
contribute to interlaboratory variation in PD-L1 positivity. It has been 
suggested, for instance, that biopsy size and the number of biopsies 
taken can influence PD-L1 results, with small samples more often 
resulting in an underestimation of PD-L1 expression [36]. This could 
potentially lead to variation in PD-L1 positivity between laboratories 
when some laboratories use smaller core biopsy needles and/or a 
smaller number of biopsies in their standard biopsy procedures 
compared to other laboratories. 

An analytical factor that might play a role in causing interlaboratory 
variation in PD-L1 positivity could be the use of different PD-L1 anti
bodies and protocols within the various laboratories. In our study, 
funnel plots incorporating information on PD-L1 antibody and protocol 
per laboratory showed no clustering of specific antibodies or protocols 
or use of one specific antibody by the laboratories that differed signifi
cantly from the mean, which seems promising. Nevertheless, inclusion 
of the variable IHC antibody/protocol in case mix adjustment resulted in 
a reduction of maximum variation in PD-L1 positivity between labora
tories compared to the analysis that did not include IHC antibody/pro
tocol in case mix adjustment at both cutoffs, although the reduction in 
maximum variation was small. Adding IHC antibody/protocol to case 
mix adjustment also resulted in a reduction of the number of labora
tories that differed significantly from the mean at both cutoffs. This 
suggests that use of different PD-L1 antibodies and protocols might have 
some influence on interlaboratory variation in PD-L1 positivity. It is 
important to interpret these analyses with caution, since information on 
specific PD-L1 antibody and protocol or on protocol only was lacking in 
more than a quarter of laboratories. One study that also used real-world 
data on PD-L1 testing [37], showed no statistically significant difference 
in PD-L1 expression between commercial assays 22C3 and 28–8. Yet, the 
researchers did find a statistically significant difference at the 50% 
cutoff level between these two commercial assays and all LDTs grouped 
together, with the LDTs showing more PD-L1 negative results. Another 
study showed substantial interlaboratory concordance of PD-L1 staining 
for various commercial assays, but only moderate concordance for LDTs 
compared to commercial assays [38]. In contrast, a meta-analysis of 
diagnostic accuracy of PD-L1 IHC assays concluded that properly 
designed LDTs may in fact achieve higher accuracy than commercial PD- 
L1 assays, when both are compared to an appropriate reference standard 
[11]. Various other studies have shown substantial interlaboratory 
concordance of PD-L1 staining for several commercial PD-L1 assays 
[22,39–41], while another study stated that equivalence of commercial 
PD-L1 assays at the 1% and 50% cutoff cannot be assumed [42]. Lastly, a 
study by Butter et al. [43] showed a similar degree of interlaboratory 
concordance between laboratories using a 22C3 LDT and laboratories 
using the 22C3 pharmDx commercial assay (Agilent), but also concluded 
that interlaboratory variability of immunostaining contributes to dis
crepancies in PD-L1 positivity between centers. Unfortunately, based on 
the data in our study, no definitive conclusions can be drawn regarding 
the actual influence of different antibodies and protocols on inter
laboratory variation in PD-L1 positivity in the real life clinical setting. 

A large degree of variation between laboratories, such as seen in our 
study, is problematic. After all, this implies that a patient could receive 
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different PD-L1 test results depending on the pathology laboratory 
where his or her material is tested. In turn, this could result in different 
courses of treatment, and may subsequently influence outcome of in
dividual NSCLC patients. Variation at the 50% cutoff may be especially 
problematic, since this cutoff is used across the world to differentiate 
between treatment with immunotherapy alone or a more toxic treat
ment regimen of immunotherapy combined with chemotherapy for 
patients with metastatic NSCLC [1,44,45]. With this study, we hope to 
raise awareness among pathologists, but also among pulmonologists, of 
the existence of interlaboratory variation in PD-L1 positivity. In order to 
further decrease variation between laboratories, one could think of 
various measures pathologists could take, such as double reading of 
difficult cases. Also, laboratories might decide to let all PD-L1 staining 
be scored by properly trained and experienced pathologists only, since it 
has been shown that training for PD-L1 scoring and experience in 
routine pathology practice correlate with higher inter-pathologists 
concordance [46]. Unfortunately, our data do not include information 
about individual laboratories’ expertise in scoring PD-L1 on material 
from NSCLC patients, hence we cannot draw conclusions on the corre
lation between laboratories’ level of experience and the amount of 
interlaboratory variation in PD-L1. In future, digital image analysis for 
PD-L1 scoring might improve inter-observer concordance [47], although 
this needs to be studied more extensively before implementation into 
clinical practice. Parallel to the previously mentioned measures, which 
mainly focused on reducing inter-observer variability, a reduction of 
technical differences between laboratories might also contribute to a 
decrease in interlaboratory variation. We do not know how many of the 
laboratories included in our study participated in PD-L1 external quality 
assessment (EQA) schemes during the study period. Potentially, partic
ipation of all laboratories in such EQA schemes could help in reducing 
interlaboratory variation in PD-L1 positivity [48]. Also, when LDTs are 
used for PD-L1 staining, it is paramount that these LDTs are optimized 
and validated sufficiently [49]. This may not always be the case in all 
laboratories, which may suggest that use of commercial assays could 
also contribute to reduction of interlaboratory variability in PD-L1 
positivity. Nevertheless, this remains uncertain, since even labora
tories that use the same commercial assay can produce differences in PD- 
L1 staining results [38,43] and others have reported inequality of 
commercial assays at the 1% and 50% cutoff [42]. To help create more 
awareness among pathologists, results from individual laboratories in 
our study were sent back to these laboratories as feedback reports. In 
this way, pathologists are encouraged to discuss and reflect on their own 
results concerning PD-L1 testing, compared to other laboratories in the 
Netherlands, and to think of ways to improve their own PD-L1 testing 
practices. 

Our study has some limitations. Notably, some variables were un
known in a large amount of patients, which restricted the analyses that 
we could perform. This included antibody or specific IHC protocol 
(commercial assay or LDT) used for PD-L1 testing, as discussed above. 
Variables such as mutational status, smoking status, and stage of disease 
were unknown in many or all patients, and could therefore not be 
included in the multivariate logistic regression model for case mix 
correction either. It would have strengthened our study if we could have 
included these variables in our logistic regression model. However, the 
association between mutation status, such as KRAS and EGFR mutation 
status, is still controversial, with various studies showing opposing re
sults [50–52]. Also, while some studies show a significant correlation 
between smoking status and PD-L1 [53], others do not [54,55]. With 
regard to stage of disease, various studies have shown a positive corre
lation between higher stages of disease and high PD-L1 expression 
[53,54]. Since PD-L1 expression holds clinical implications for stage III 
and stage IV NSCLC patients, most of the patients in our data set would 
have most likely had stage III or stage IV disease. It is thus unlikely that 
interlaboratory differences in mutation status, smoking status, or stage 
of disease could have completely explained the high degree of variation 
in PD-L1 positivity that we found. Another limitation is the lack of 

information on the number of pathologists scoring PD-L1 expression per 
laboratory. While this information could have provided valuable insight 
into the amount of inter-pathologist variation in PD-L1 positivity rate 
within each laboratory, we still feel that the insight into the variation in 
PD-L1 positivity on an interlaboratory level is valuable on its own. To 
our knowledge, no other studies have provided these kind of analyses on 
such a large scale using real-world clinical pathology data. Finally, the 
influence of different methods of processing of cytology material on 
interlaboratory variation in PD-L1 positivity could not be studied, as 
information on processing of cytological specimens was not part of the 
PALGA database. We intend to retrieve this information in another way, 
such as through questionnaires sent out to laboratories, so that we will 
be able to study the relationship between processing of cytological 
specimens and interlaboratory variation in PD-L1 positivity in the 
future. 

In conclusion, we have shown that in a real-world setting, a 
considerable amount of variation in PD-L1 positivity rates exists be
tween pathology laboratories on a nationwide level. Most likely, this is 
caused to a large extent by discordance between pathologists at the 1% 
cutoff point. Potentially, various analytical or pre-analytical factors, 
such as differences in processing of cytological material between labo
ratories, may contribute to interlaboratory variation in PD-L1 positivity 
as well. It is important that the amount of variation between laboratories 
is reduced, since a high degree of variation could result in patients 
receiving a different course of treatment when PD-L1 is assessed in the 
one laboratory compared to another. Both pathologists and pulmonol
ogists should be made aware of this risk, and work together to try to 
reduce the amount of interlaboratory variation in PD-L1 positivity. 
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[18] L. Rojkó, L. Reiniger, V. Téglási, K. Fábián, O. Pipek, A. Vágvölgyi, L. Agócs, 
J. Fillinger, Z. Kajdácsi, J. Tímár, B. Döme, Z. Szállási, J. Moldvay, Chemotherapy 
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