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Introduction
Now FDA-approved in the treatment of over ten
malignancies, checkpoint blockade agents have transformed
the treatment of cancer. These agents work by inhibiting
the PD-1/PD-L1 interaction between cytotoxic T cells and
tumor cells, an interaction which promotes immune evasion.
PD-L1 expression levels by tumor cells, as assessed by tissue
biopsy, is currently the most well-validated and clinically
used predictive biomarker of response to checkpoint
blockade agents (1,2). However, PD-L1 level is known to
be an imperfect biomarker, and some FDA approvals do not
set a PD-L1 expression level threshold to determine patient
candidacy for checkpoint blockade.
Challenges regarding PD-L1 expression as a biomarker
fall into two categories. First, PD-L1 expression is an
inexact determinant of response to checkpoint blockade
agents. Although levels broadly correlate to response rates,
some patients with absent tumor PD-L1 expression on
tissue histology do respond to these agents, while some
patients with high PD-L1 levels do not respond. Several
new biomarkers of response have arisen in an attempt
to better predict response, including tumor mutational
burden, tumor immune-profile, and gender (3-7).
However, further validation of these is required before
widespread clinical adoption. Second, PD-L1 levels must
be assessed by immunohistochemistry (IHC) of tumor
tissue, thus requiring tissue biopsy. With an ever-increasing
armamentarium of targeted agents, in addition to dynamic
therapeutic strategies which may indicate multiple tissue
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biopsies over the course of a patient’s treatment history,
the need for non-invasive biomarkers is clear and growing.
Cell-free DNA (cfDNA) has found clinical success as a
biomarker of response and resistance in various clinical
situations (8,9). However, a non-invasive biomarker to
predict response to checkpoint blockade agents has been
elusive.
Dhar et al. sought to address both categories of the
challenges posed by PD-L1 as a predictive biomarker of
response with their investigation into PD-L1 expression
on circulating tumor cells (CTCs) in metastatic nonsmall cell lung cancer (NSCLC) patients (10). First, as
circulating biomarkers (CTCs and cfDNA alike) are
thought to represent the entirety of a tumor, including
its metastatic lesions, PD-L1 expression on CTCs could
potentially shed light on the imperfections of PD-L1 as a
predictive biomarker. Indeed, cfDNA has been shown, in
some instances, to better capture the genetic heterogeneity
of tumors than a tissue biopsy (11,12). It is possible that
PD-L1 expression heterogeneity is not fully captured by
the small piece of tissue that is analyzed via IHC, and that
CTCs more accurately represent tumor PD-L1 expression
on the whole. Second, as CTCs can be collected noninvasively, using them to assess PD-L1 expression level
overcomes limitations to the use of tissue PD-L1 level; it
spares patients another biopsy. Thus, Dhar and colleagues
attempt not just to extend the advantages of all non-invasive
biomarkers into the territory of predictive biomarkers
to checkpoint blockade, but also to provide a tool that
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potentially aids in understanding PD-L1 levels on tumor
cells throughout the body, thereby improving predictions of
therapeutic response to checkpoint blockade.
While this effort deserves praise for its scope, assay
performance concerns and, more importantly, questions
surrounding PD-L1 heterogeneity and what it means in
the context of predicting response to checkpoint blockade
hinder the formation of strong conclusions until further
research and development into this technology.
PD-L1 expression on “CTCs”
While a large part of the work by Dhar and colleagues
is dedicated to developing protocols to assess PD-L1
expression on CTCs, questions remain. To isolate and
assess CTCs, they use a size-based CTC capture and
an immunofluorescence (IF) stain to quantify PD-L1
expression levels. Of note, their assay only detects CTCs
in 45% of patients with metastatic NSCLC. This is a
major issue, as it would significantly limit the ability of
this technology to provide any information for more than
half of patients with metastatic NSCLC. Furthermore, the
observation of CD45-/DAPI+ cells with “cytomorphological
patterns of malignancy” in all healthy donors’ blood, called
“CTCs” by the authors is really surprising, and obviously
raises question about the nature of “CTCs” detected in
cancer patients. Of the 14 samples that were positive for
CTCs, 12 had any PD-L1 positive CTCs. Certain data has
shown discordance between PD-L1 expression level on
biopsies and matched resected tumor, potentially suggesting
that these latter small samples underestimate PD-L1 status
due to tumor heterogeneity (13). In agreement with this
observation, almost all patients have PD-L1 positive CTCs
(14,15), which further complicates the utility of this assay.
The threshold used by Dhar and colleagues is misleading,
because the PD-L1 expression assay was not run on “CTCs”
collected from healthy individuals.
Although we may speculate from this data that PDL1 positive CTCs will be poorly sensitive, their attempts
to correlate it with tumor PD-L1 status consists of only 4
comparisons, and thus is underpowered. Unfortunately, no
conclusion can be made from this comparison, and further
correlative studies will be needed. Until these studies are
completed, any statement of potential clinical utility would
be unjustified. In other studies, except for one team (16),
none of the research investigating concordance between
tissue and CTCs PD-L1 expression demonstrated a
strong quantitative correlation (14,15,17). Spatial (13) and
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temporal (18-20) tumor heterogeneity has been proposed as
a potential explanation for these discrepancies, however the
very limited number of CTCs isolate probably also preclude
a valuable comparison.
Heterogeneity in PD-L1 expression
As stated earlier, the authors claim that the pool of
CTCs may better represent the PD-L1 status of lesions
throughout the body than the spatially-limited tumor
biopsy. Evidence that tumor heterogeneity is clinically
meaningful is evident in genetic analyses of re-biopsy tissue
in patients who are progressing to first-line EGFR tyrosine
kinase inhibition in NSCLC (11). The false negative rate of
tissue biopsy in identifying genomic causes of progression
is well documented, and cfDNA is now used in this setting
as it may identify when tissue biopsy does not capture the
presence of a targetable mechanism of resistance (11).
Thus, the idea that blood-based biomarkers can, in some
situations, depict a more accurate representation of a given
tumor characteristic throughout the body has merit.
A patient with a tumor biopsy that detects any amount
of PD-L1 expression in a given tumor for which checkpoint
blockade is approved, will be given checkpoint blockade,
rendering a blood-based assay irrelevant. Considering
now a situation in which a patient’s tumor biopsy shows
a negative PD-L1 result: It is in this situation that the
authors believe a CTC assay may provide more accurate
predictive capabilities than tissue, by assuming that tissue
PD-L1 analysis underestimates true PD-L1 expression.
This hypothesis is interesting, and answering it will entail
comparing, through prospective studies, outcomes to
checkpoint blockade in patients with PD-L1 positive
tissue versus in those with PD-L1 negative tissue but
PD-L1 positive CTCs. If these response rates are similar,
then we know that tissue is indeed calling false negatives
on some patients that would benefit. Overall, further
investigation into PD-L1 expression on CTCs is required
to understand its ability to inform clinical practice as a
predictive biomarker of response in the case that a tissue
biopsy is negative for PD-L1 expression. So far, none of
the three studies that correlated PD-L1 expression on
CTCs and outcomes under PD1 inhibitors could clearly
establish this approach as a potential biomarker. In two of
them, the rate of PD-L1 positive CTCs was very high and
of bad prognosis but the absence of control arm of patients
treated by chemotherapy precluded a predictive value
analysis (14,15), while in this work, the number of patients
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was too low to draw definitive conclusions. Another pitfall
to this approach is the cost and turnaround time of this
cumbersome technique.
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Conclusions
Currently, patient candidacy to receive checkpoint blockade
in some clinical situations is based on tissue IHC for
PD-L1 expression, while other indications do not
require a PD-L1 expression level. Although it is the most
clinically well-validated predictive biomarker of response
to checkpoint blockade, PD-L1 expression is imperfect
and investigation into other biomarkers is ongoing. In
their manuscript, Dhar and colleagues develop a method
of capturing and assessing CTCs for PD-L1 expression,
yet assay performance issues need to be addressed before
continued investigation. Altogether, accumulating data
now question the clinical relevance of CTCs in the
immunotherapy space, as this cumbersome, costly and
poorly sensitive approach has failed so far to predict
outcomes under PD1 inhibitors (14,15). The development
of non-invasive biomarkers to predict response to
checkpoint blockade should remain a top priority for
researchers as it may lead to insights into tumor biology
and immunology as well as provide tools to improve our
ability to target therapies to patients most likely to benefit.
Estimation of the tumor mutation burden using plasma
whole exome sequencing, or targeted next generation
sequencing looking for predefined genomic events known
to be associated to outcomes under immune checkpoint
inhibitors seem like more appealing approaches (21-24).
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