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PD-L1 pitfalls: Emphasizing the importance of
membranous localization and correlation with

tumor cell and macrophage distributions
Increased utilization of PD-L1 in both clinical and research settings
has led to an appropriate increase in concerns about the interpretation
of this immunomarker. McCoy et al. raise an important point regarding
the assessment of PD-L1 expression in tumor-associated macrophages
(TAM). Their general caution regarding the technical vagaries of PD-L1
immunostaining across antibodies and platforms is critical, and should
be heeded by anyone embarking on research involving this
immunomarker. These concerns have been nicely summarized in their
letter and thoroughly outlined elsewhere, particularly with regard to
the PD-L1 immunostaining in lung carcinoma (Hirsch et al., 2017;
McLaughlin et al., 2016; Scheel et al., 2016; Sholl et al., 2016).With spe-
cific regard to our manuscript, McCoy et al. note two primary concerns:
first, that themembranous staining pattern observed in TAMs in our se-
ries of high grade serous ovarian carcinomaswas not clearly appreciable
in the provided low power images and second, that the identity of
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macrophages cannot be certain because PD-L1 and CD68 were per-
formed on different sections.

We hope thatwe can alleviate these concernswith the attached high
power figure and following clarifications. As stated in our methods, we
only classified clear circumferential membranous staining as positive in
both tumor cells and macrophages. We did not encounter the non-spe-
cific, cytoplasmic-only staining described by McCoy et al. using our PD-
L1 detection method although we can certainly appreciate that this
might be an issue using other antibodies, platforms, dilutions, etc. Rath-
er, the TAM staining observed in our study was as illustrated in these
higher power figures: membranous in localization, with minimal cyto-
plasmic reactivity which was, when present, significantly less promi-
nent than the membranous component. This pattern is shown in two
representative cases in this figure: in the top row, we have a case with
strong membranous PD-L1 staining outlining macrophages with very
minimal granular cytoplasmic positivity affecting only some cells. In
the bottom row,we have fainter (but still decidedlymembranous)mac-
rophage stainingwithout any cytoplasmic artifact (Fig. 1). In both cases,
thehigh grade serous carcinomaadjacent to themacrophage infiltrate is
PD-L1 negative. Accompanying each of these cases is the corresponding
D-L1 expression on tumor-associated macrophages.
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CD68 stain. The TAM population is well-demarcated by this stain and
corresponds with the distribution of PD-L1 positivity: in the case in
the top row, both PD-L1 and CD68 are localized in the upper left por-
tion of the image, while in the bottom row both stains demarcate the
right side of the image. While we appreciate the theoretical concern
that cut-through artifacts might have interfered with our interpreta-
tion, given that these represent the exact same area of tissue on con-
secutive 3 μm serial sections we consider that possibility extremely
unlikely, particularly given the marked density of the macrophage
aggregates.

A final point of emphasis regarding this topic is that one could
easily imagine how TAMs might be misinterpreted as tumor cells
when PD-L1 immunostains are viewed in isolation. In our experience
assessing PD-L1 in a variety of tumor types this pitfall was particular-
ly prominent in high grade serous ovarian carcinomas, which are
often associated with a robust macrophage infiltrate. We therefore
recommend that PD-L1 immunostains performed on ovarian serous
carcinomas are interpreted in conjunction with the corresponding
H&E by readers with experience in PD-L1 interpretation and with
cautious attention to macrophage distributions. Furthermore, corre-
lation with macrophage marker immunostaining is further recom-
mended in cases for which there is morphologic uncertainty
regarding cell identity. Further studies detailing true membranous
PD-L1 immunostaining TAMs will be of interest, as the clinical signif-
icance of this finding with regard to prognosis and immunothera-
peutic response remains largely unknown.
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