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Humanized antibodies targeting PD-1 or PD-L1 are es-
tablished standards of care for non–small cell lung cancer 
(NSCLC), and there seems to be a correlation between tissue 
expression of PD-L1 and response rate in patients.1,2 Most of 
the analytical challenges in the immunohistochemical evalu-
ation of PD-L1 expression have been extensively analyzed.3 
However, preanalytical issues have been scarcely explored. 
The impact of prolonged ischemia and tissue fixation on 
PD-L1 false-negative cases has been established, and the 
fixation time window to obtain optimal results in control tis-
sue,4 most commonly tonsil, has also been determined.5,6 
Extrapolation of such results to specific tumor tissues should 
be made with caution, as tonsil tissue is less affected by 
variability than tumor samples. Heterogeneity of expression 
may preclude the adequate interpretation of suboptimally 
processed samples.7 Moreover, small-size samples, including 
bronchoscopic biopsy specimens or cytology blocks, may be 
even more sensitive to prolonged prefixation periods.8 The 
main objective of this study was to determine the proportion 
of routine samples processed within acceptable preanalytical 
times and to evaluate the extrapolatability to NSCLC samples 
of ischemia and fixation time limits established for the as-
sessment of PD-L1 expression in control tissue.

We retrospectively reviewed consecutive and unselected 
samples received at a referral pathology unit, selected from 
the unit database over a one-year period. Samples were 
eligible if they included an NSCLC diagnosis and PD-L1 de-
termination. Sample processing was uniform across all the 
evaluated period (see File S1). Age, gender, biopsy site and 

method, processing method, histological subtype, and PD-L1 
results, including proportion and intensity of positive cells, 
were recorded for each patient (Table 1, Table S1). Samples 
were considered PD-L1 positive if at least 1% of tumoral cells 
were positive, although other cut points were also explored. 
Based on previous studies in control tissue, an optimal pre-
analytical time of up to 72 h was defined. Time from surgical 
procedure to laboratory admission and time from laboratory 
arrival to end of fixation were obtained from the traceability 
system, and their addition was considered the full preanalyti-
cal time. Bivariate analysis was performed to assess signifi-
cant relationships between the duration of the preanalytical 
process and PD-L1 results. The R-package version 3.0.1 was 
used for all statistical analyses (R Foundation for Statistical 
Computing, Vienna, Austria. https://www.R-project.org/). 
The study was approved by the the Comitè d’Etica de la In-
vestigació amb medicaments, Hospital Universitari Germans 
Trias i Pujol (PI-18-072 approval number) and performed in 
adherence to the STROBE guidelines.

Additionally, four selected fresh surgical tumorectomy 
specimens were used prospectively to support the findings 
of the main study. Samples were divided into four parts and 
processed in parallel under controlled ischemia and fixation 
times. A quarter of each specimen was processed with is-
chemia < 1 h and fixation time between 12 and 48 h (opti-
mal processing), a second fraction was exposed to 12 h of 
ischemia and 12 to 48 h fixation (upper-limit ischemia), the 
third portion of the specimen was maintained in ischemia < 
1 h and fixation for 72 h (upper-limit fixation), and finally, 
the last quarter was processed after 12 h ischemia and 72 h 
fixation (upper-limit for ischemia and fixation). Following fix-
ation, specimens underwent standard histopathological pro-
cessing into paraffin blocks with automated equipment (see 
File S1). Slides were immediately immunostained for PD-L1 
according to manufacturer specifications.9 Two experienced 
pathologists assessed cellularity, histological preservation of 
the hematoxylin-eosin-stained samples, and the immunohis-
tochemical PD-L1 results. The prospective part of the study 
was qualitative and confirmatory, without a formal contrast 
of hypothesis.

Among 148 identified formalin-fixed samples with an 

*Correspondence to: Angels Barberà, Hospital Germans Trias i Pujol, Carret-
era del Canyet, Badalona 08916, Spain. ORCID: https://orcid.org/0009-0002-
5247-485X. Tel: +34-695560360, E-mail: mabarbera.germanstrias@gencat.cat

http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
https://crossmark.crossref.org/dialog/?doi=10.14218/JCTP.2025.00038&domain=pdf&date_stamp=2026-03-06
https://doi.org/10.14218/JCTP.2025.00038
https://orcid.org/0009-0002-5247-485X
https://www.R-project.org/
https://orcid.org/0009-0002-5247-485X
https://orcid.org/0009-0002-5247-485X
mailto:mabarbera.germanstrias@gencat.cat


Journal of Clinical and Translational Pathology 20262

Barberà A. et al: Ischemia, fixation and PD-L1 expression

NSCLC diagnosis and an anti-PD-L1 determination, 47 (32%) 
were discarded either because they were not tested for PD-
L1 (N = 42) or the tissue quality was inadequate (N = 5). 
Therefore, the final analysis included 101 samples, and their 
characteristics are summarized in Table 1 and Table S1. Four 
samples (4%) were received in the laboratory more than 24 
h after completing the surgical procedure, and 12 (12%) had 
a fixation time that extended beyond 72 h. Overall, preana-
lytical procedures were completed within four days in 89% 
of the samples. Seven samples (7.2%) took more than four 
days, and four (4%) had a preanalytical process that was not 
fully traceable.

Mean processing time was not statistically different be-
tween PD-L1-positive and PD-L1-negative samples (2.25 
days in both). Samples with an optimal preanalytical peri-
od (up to 72 h) were positive for PD-L1 in 40 cases (53%). 
When the preanalytical period extended beyond 72 h, sam-
ples were positive in 53% of cases, respectively. Other cut 
points are available in Table S1. The number of samples with 
an extended preanalytical period was insufficient to find any 

statistically significant difference. However, a post hoc evalu-
ation revealed that samples with a preanalytical period over 
four days tended to have a lower number of positive cells 
(seven out of seven under 40% of positive cells) in contrast 
to the rest of the samples (18% with 40% or more PD-L1 
positive cells). This analysis and cut points (Fig. 1) were not 
prespecified and should be considered exploratory. Other co-
variates did not affect the proportion of PD-L1-positive sam-
ples or have a significant interaction with the preanalytical 
period (Table 1). Although SP263 was the standard clone, 
seven samples, corresponding to metastatic lesion biopsies, 
were assessed with the SP142 clone. Only one case was posi-
tive for PD-L1, showing statistically inferior sensitivity than 
SP263. When SP142-stained cases were excluded from anal-
ysis, no significant changes were observed in the results of 
prior comparisons.

To support the post hoc findings, four specimens, including 
poorly differentiated adenocarcinoma, mucinous adenocarci-
noma, non-keratinizing squamous, and moderately differenti-
ated adenocarcinoma subtypes, were evaluated as described 

Table 1.  Characteristics and PD-L1 status of NSCLC samples in 101 evaluable cases retrospectively obtained

All samples 
(N = 101)

PD-L1 neg 
(N = 47)

PD-L1 pos  
(N = 54) P-value

Patient gender 0.7

    Female 20 10 10(50%)

    Male 81 37 44 (54%)

Patient age, median (IQR) 69 (61–74) 70 (63–75) 67 (59–74) 0.2

Monoclonal antibody

    SP142 7 6 1 (14%) 0.048

    SP263 94 41 53 (56%)

Lab process (1)

    Standard 83 40 43 (52%) 0.5

    Fast-track 18 7 11 (61%)

Biopsy site

    Lung 48 21 27 (56%) 0.5

    Mediastinal/pleural 22 9 13 (49%)

    Other 31 17 14 (45%)

Histology

    Adenocarcinoma 53 25 28 (53%) 0.5

    Squamous 42 18 24 (57%)

    Other 6 4 2(33%)

Specimen size (2)

    Core-needle 67 33 34 (51%) 0.4

    Macrobiopsy 34 14 20 (59%)

Preanalytical period

    Within 72 h 75 35 40 (53%) 0.9

    Four days 15 7 8 (53%)

    Over 4 days 7 3 4 (57%)

    Missing 4

(1) Laboratory processing was identical for normal and fast-track categories; fast-track refers to samples that were given priority to the processor upon arrival at the 
laboratory. (2) Core-needle biopsy refers to specimens obtained by endobronchial biopsy, typically 0.4 × 0.4 × 0.1 cm, and macro biopsy refers to surgical specimens, 
typically processed as 1 × 1 × 5 cm samples. NSCLC, non small cell lung cancer; PD-L1, programmed death ligand 1.
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in Methods. The optimal processing, upper-limit ischemia, 
upper-limit fixation, and upper-limit for ischemia and fixation 
fractions of the specimen were compared qualitatively by two 
experienced pathologists. Representative areas are depicted 
in Figure 2. Sample 2 was negative for PD-L1 (not shown 
in figure), while samples 1 and 3 presented intense positiv-
ity (>50%) for PD-L1 that was maintained when processed 
with extended ischemia and fixation times (Fig. 2a and b). 
On the other hand, sample 4 presented low (1%) positivity 
when processed with optimal preanalytical times, and this 
positivity was lost when fixation was extended to 72 h (Fig. 
2c). Positivity was also lost in macrophages, confirming that 
the lack of positivity was a true false negative and was not 
related to tumor heterogeneity.

Adequate diagnostic evaluation of PD-L1 expression is 
challenged by several tumor-related issues and analytical 
factors.10 Antibodies employed in PD-L1 diagnostic assays 
also exhibit differing degrees of robustness in the face of 
conformational structural changes induced by sample pre-
analytical processes.4 Heterogeneous PD-L1 expression 
within samples and sample limitations, including small size 
and fragmentation, are commonly found in everyday prac-
tice and may require an even stricter control of preanalytical 
processes.11 Diagnostics of NSCLC is increasingly dependent 
on bronchoscopy or core needle biopsies rather than surgical 
samples. Preanalytical issues may have a particular impact 
when smaller samples are tested. The aim of our study was 
to determine the proportion of samples that suffer an exces-
sive preanalytical period in daily practice and establish the 

impact of extended preanalytical processing on the repro-
ducibility and accuracy of the interpretation of immunohis-
tochemistry staining for PD-L1. Our survey showed that a 
small proportion of routinely processed samples fall outside 
the limits of acceptability. Additionally, such limits appear 
to be adequate for the variety of samples analyzed in rou-
tine practice. Two-thirds of the samples of our retrospective 
analysis derived from core needle biopsy, and no differences 
in PD-L1 performance were observed. Although the use of 
SP142 was incidental (N = 7), its lower sensitivity to detect 
PD-L1 positivity was also confirmed.5,6

The scarce number of samples exposed to off-limit prean-
alytical periods constitutes the main limitation of the study, 
and consequently, the lack of statistical differences must be 
interpreted with caution. The lower proportion of positive 
cells in samples with a preanalytical period over four days 
appears to be particularly relevant despite being a post hoc 
finding and triggered a prospective evaluation of four ad-
ditional samples that illustrated the previous finding. In-
tensely positive samples showed robust stability for PD-L1 
staining with SP263, but the weakly positive specimen was 
inadequately stained when the preanalytical periods were 
extended. Such a finding is particularly relevant considering 
that most cases have PD-L1 positivity under 50%, and as 
much as 15% are in the 1–9% range and could potentially 
be misclassified if not optimally processed. The traceability 
system used at the time did not allow an exact differen-
tiation between ischemia and fixation times, and we had to 
consider the preanalytical period globally. This is the second 

Fig. 1.  Percentage of PD-L1 positive cells plotted against pre-analytical period in hours. Black dots represent individual cases. PD-L1, programmed death 
ligand 1.
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limitation of the study and a common limitation of many 
routine traceability systems. Our results endorse the imple-
mentation of more precise traceability of the preanalytical 
period. In conclusion, most routinely processed samples fell 
within acceptable limits, but we still observed a tendency 
toward a lower proportion of PD-L1-positive cells in the few 
samples with an extended preanalytical period. Time limits 
established in tonsillectomy samples appear to be also valid 
in NSCLC, irrespective of the type of sample when using the 
SP263 clone. Samples with a low proportion of positive cells 
or low intensity of expression may be falsely classified as 
negative if fixation and ischemia times extend into the upper 
limit of acceptability.
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