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Abstract

The significance of evaluating oncogenes, including EGFR mutations, ALK abnormalities, and PD-L1 expression has
become broadly recognized with recent advances in molecular biology. It is now extremely important to investigate tumor
oncogene status in each patient at the initial diagnosis. By contrast, the significance of conducting a re-biopsy in the salvage
setting has not been systematically reviewed. This review reports that the significance of a re-biopsy varies depending on

the clinical situation.

Keywords Lung cancer - Treatment - Re-biopsy

Introduction

Platinum-based chemotherapy has been the mainstay of
treatment for advanced non-small-cell lung cancer (NSCLC)
during the past few decades [1-7]. The treatment strategy for
advanced NSCLC has become diversified due to the devel-
opment and clinical introduction of several effective agents.
In addition, some molecular biomarkers for predicting the
efficacy of each agent have also been developed simultane-
ously; the significance of investigating epidermal growth
factor receptor (EGFR) mutations for the EGFR-tyrosine
kinase inhibitor (TKI), anaplastic lymphoma kinase (ALK)
abnormalities in ALK-TKI, and PD-L1 expression for
immune checkpoint inhibitors (ICIs) has been successfully
established [8—10]. It is now extremely important to inves-
tigate these molecular abnormalities at the initial diagnosis.
The significance of conducting a re-biopsy even in the sal-
vage setting has not been systematically reviewed.
Although liquid biopsy has been currently developed, we
focus on and discuss, especially, the situations in clinical
practice for which a re-biopsy of histological tumor sam-
ples is truly significant, which subpopulation should be the
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focus, which molecular abnormalities should be detected,
and which agents should be initiated.

Detecting T790M mutations in EGFR-mutant
tumors: is a re-biopsy worthwhile when considering
initiating the third generation-EGFR-TKI?

A phase III trial (AURA 3 study) compared osimertinib
monotherapy with platinum-based chemotherapy in patients
with EGFR-mutant, T790M-positive tumors [11]. In this
trial, progression-free survival (PFS) improved significantly
in the osimertinib group [hazard ratio (HR) 0.30, 95% confi-
dence interval (CI) 0.23-0.41]. The overall response rate was
also better with osimertinib than platinum (71% vs. 31%).
By contrast, the effect of osimertinib treatment in T790M-
negative tumors was limited, with a response rate of 21%
[12]. Therefore, conducting a re-biopsy is quite important
when considering whether osimertinib therapy should be
initiated.

Next, it is unknown whether it is truly unnecessary to
carry out a repeat re-biopsy in patients whose tumors were
once found not to harbor a T790M secondary mutation by
re-biopsy. Spatiotemporal T790M heterogeneity has been
reported in individual patients with EGFR-mutant tumors
after acquired resistance to an EGFR-TKI [13, 14]; in 24
patients receiving repeat re-biopsies at the same lesion,
T790M status of lung lesions varied in five patients after the
TKI-free interval [13]. In our series [14], 25 of 55 patients
(45%) with EGFR-mutated tumors who underwent re-biopsy
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had T790M tumors, and osimertinib was effective in 56% of
cases (10/18). Of the remaining 30 cases whose tumors did
not harbor T790M, a repeat re-biopsy was conducted in 21
cases; T790M was positive in 12 cases (57%), and the osi-
mertinib response rate was 50% (5/10). That is, the efficacy
of osimertinib was quite similar, regardless of the detec-
tion of T790M in the initial re-biopsy or a repeat re-biopsy.
These results and others [13—15] suggest that it may be clini-
cally meaningful to conduct a subsequent repeat re-biopsy
in patients whose tumors are found to be T790M-negative
by re-biopsy, although the evidence is not firm.

By contrast, the recently reported FLAURA study greatly
influenced the above-mentioned data and considerations
[16]. The FLAURA study was a randomized trial that com-
pared osimertinib with the standard EGFR-TKIs against
EGFR-mutant tumors in a first-line setting. In this trial, a
profound effect of osimertinib on PFS was demonstrated
(HR 0.46, 95% CI 0.37-0.57). The U.S. Food and Drug
Administration granted regular approval to osimertinib in
April 2018 for the first-line treatment of patients with EGFR
mutation-positive NSCLC. The NCCN guidelines recom-
mend the first-line use of osimertinib monotherapy [17].
Osimertinib will be used more frequently in the earlier lines
of therapy in the near future. This will also inevitably lower
the significance of a re-biopsy and repeat re-biopsy.

However, assuming that 234,030 new lung cancer cases
are projected to occur in the United States [18], approxi-
mately 20,000 patients with EGFR-mutant tumors would
have initiated a standard EGFR-TKI, and some of them
would not have access to a third-generation EGFR-TKI,
thus, the significance of a re-biopsy and/or repeat re-biopsy
should be retained for a certain period. In addition, trans-
formation to small-cell lung cancer is a rare but well-rec-
ognized mechanism of acquired resistance to EGFR-TKI
therapy in EGFR-mutated NSCLC [19]. Therefore, it would
also be appropriate to perform a re-biopsy once the trans-
formation is highly suspicious at the time of resistance to
EGFR-TKI therapy, while referring to tumor behavior, such
as more rapid tumor growth or a significant increase in a
tumor marker value (i.e., ProGRP).

Detecting ALK-secondary mutations

against ALK-positive tumors: is it worthwhile

to re-biopsy when considering initiating a second
ALK inhibitor?

In the NCCN guidelines and the Japan Lung Cancer Society
Clinical Practice Guidelines 2017, the first-line treatment
with alectinib is strongly recommended for ALK-positive
tumors, based on the ALEX and J-ALEX trial results show-
ing a significant PFS advantage of alectinib over crizotinib
(PFS-HR 0.47, 95% CI 0.34-0.65 in ALEX trial and 0.34,
99.7% CI10.17-0.71 in the J-ALEX trial) [20, 21]. Howeyver,
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to date, precision medicine with the information about ALK-
secondary mutations in ALK-positive tumors has not been
established for the second-line or later settings.

Exploratory, small prospective phase II trials have been
initiated or completed to evaluate the efficacy of second
ALK inhibitors in patients harboring alectinib-resistant
tumors [22, 23]. In one of these trials, ceritinib monotherapy
was investigated (ASCEND-9 study); 5 of the 20 registered
patients responded, with an overall response rate of 25%
[22]. One of these five responders had undergone a re-biopsy
before the ceritinib treatment, and L1196M was detected
as an ALK-secondary mutation in that patient. In a previ-
ous translational study, a pie chart of secondary mutation
patterns in tumor cells that acquired resistance to alectinib
revealed G1202 R, L1196 M, 1171T/N/S, and V1180L as
the representative mutations [24]. The latter three mutations
were still sensitive to ceritinib, accounting for 25% of the
entire pattern. Quite interestingly, (1) its frequency was close
to the overall response rate of 25% obtained in the ASEND
9 trial, and (2) L1196 M, which was potentially sensitive to
ceritinib in pre-clinical data, was, indeed, detectable from a
tumor in one responder in the ASCEND 9 trial.

In summary, the significance of conducting a re-biopsy
for detecting ALK-secondary mutations in patients with
ALK-positive and alectinib-resistant tumors cancer remains
unclear. We should be aware of any relevant data released
in the future.

Focusing on PD-L1 expression mainly
against oncogene-driver-negative tumors:
is it worthwhile to undergo a re-biopsy
while considering initiation of an ICI?

According to the NCCN guidelines [17], the anti-PD-1 anti-
body pembrolizumab is strongly recommended as the ini-
tial treatment for advanced NSCLC if PD-L1 expression is
>50% without targetable EGFR or ALK genetic aberrations
[25]. The most important point is that such clinical decision-
making is available only when PD-L1 status is checked at
the time of diagnosis. Here, we raise the clinical question;
is it clinically significant to re-evaluate PD-L1 expression
level by carrying out a re-biopsy to initiate ICI therapy after
relapse from platinum-based therapy?

Arguments both for and against arise from this issue.
Those in favor might argue the following. First, PD-L1
expression can change before and after platinum-based
therapy; PD-L1 positivity on tumor cells changed from
75 to 38% in 32 patients with stage III NSCLC [26].
Another study showed that PD-L1 expression was ini-
tially identified in 53% patients, whereas 62% with stage
I-III squamous cell carcinoma of the lung were positive
for PD-L1 expression after platinum-based chemotherapy
[27]. These findings clearly show that PD-L1 expression
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is dynamic; indeed, in some cases, PD-L1 expression
changed from 0% to a quite higher level after platinum-
based chemotherapy. Thus, those in favor would say
that it is quite reasonable to carry out a re-biopsy after a
recurrence from platinum-based chemotherapy.

On the other hand, the argument against would be
as follows. Even if PD-L1 expression is negative in the
archival specimen, sub-analysis data from the OAK trial
showed [28] a significantly prolonged overall survival
(OS) after taking the anti-PD-L1 antibody, atezolizumab,
compared with docetaxel in patients refractory to plati-
num-based chemotherapy (HR 0.61, 95% CI 0.45-0.84
for PD-L1-negative tumors) [29], which was similar to
the whole cohort (HR: 0.73, 95% CI 0.62-0.87). There-
fore, there is a possibility for the early ICI use even for
such subgroups. In addition, the magnitude of the sur-
vival-prolonging effect of pembrolizumab over docetaxel
in patients with PD-L1-positive tumors detected in the
archival specimens was almost identical to that in new
specimens in the KEYNOTE-010 study (HR 0.70, 95%
CI 0.54-0.89 and HR 0.64, 95% CI 0.50-0.83 for archival
and new specimens, respectively) [30]. That is, the sur-
vival advantage of pembrolizumab monotherapy in the
salvage setting seems secure regardless of the timing of
investigating PD-L1 expression. Thus, at the moment, it
would hardly be worthwhile to conduct a re-biopsy to
recheck PD-L1 status in each patient when considering
initiating an ICI in the salvage setting.

By contrast, very recently, the KEYNOTE-189 phase
III trial was reported with great fanfare [31]. That trial
evaluated adding pembrolizumab to platinum and pem-
etrexed in patients with advanced non-squamous NSCLC
in the first-line setting, regardless of PD-L1 status with-
out targetable EGFR or ALK genetic aberrations. A large
benefit to OS was clearly demonstrated with an HR of
0.49 and 95% CI of 0.38-0.64. Remarkably, this signifi-
cant survival advantage was detected regardless of PD-L1
expression level (HR 0.42, 95% CI 0.26-0.68 for PD-L1
expression > 50%; HR 0.55, 95% CI 0.34-0.90 for 1-49%;
HR 0.59, 95% CI 0.38-0.92 for < 1%).

These results indicate that it would be appropriate
to use the combination regimen of platinum and pem-
brolizumab without examining PD-L1 expression before
initiating treatment. However, whether this combination
therapy is truly superior to pembrolizumab alone remains
unknown in patients possessing tumors with high (>50%)
PD-L1 expression, so checking the PD-L1 expression
level at the time of diagnosis remains important. Never-
theless, once the trial results were published, the signifi-
cance or necessity for “re-biopsy” would decrease.

Focusing on PD-L1 expression mainly

against EGFR-mutant tumors, is it worthwhile

to undergo a re-biopsy while considering initiating
anlci?

Most of the reported evidence regarding ICIs for advanced
NSCLC is targeted at oncogene-driver-negative tumors,
meaning that the efficacy of ICI in the oncogene-driver-
positive tumors has not been fully evaluated. EGFR-
TKIs are key agents to treat EGFR-mutant tumors [8, 10,
32-34], so ICIs are often used in later lines of therapy in
daily practice. This approach can simply lead to a longer
interval between the initial biopsy at the time of diagnosis
and initiating an ICI for an EGFR-mutant tumor than a
wild-typed tumor. Under such situations, it is unknown
whether it is significant to investigate the latest PD-L1
status in each patient using new specimens by re-biopsy
to initiate ICI therapy.

There are three important points that should be raised
when discussing this issue. First, PD-L1 expression can
change actively in EGFR-mutant tumors before and after
EGFR-TKI treatment, similar to platinum-based chemo-
therapy [35, 36]. Among patients who had EGFR-mutant
tumors with paired, pre-, and post-TKI-resistant biopsies,
the positivity of PD-L1 expression accounted for 16%
(10/62) and 29% (18/63) before and after EGFR-TKI ther-
apy, respectively [35]. Second, a three-arm, randomized
trial for non-squamous NSCLC called the IMpower 150
investigated the significance of adding atezolizumab to car-
boplatin—paclitaxel-bevacizumab therapy [37]. The results
have been partially reported and show a PFS advantage in
the platinum plus atezolizumab group (HR 0.62, 95% CI
0.52-0.74). Notably, 80 patients with EGFR-mutant tumors
were enrolled among the entire cohort in that study, and
their HR was 0.60 according to a sub-analysis, suggesting
that efficacy can be obtained even in EGFR-mutated tumors
after adding atezolizumab to platinum plus bevacizumab,
despite the small-scaled sub-analysis with a limited num-
ber of patients. Third, a retrospective study reported a more
profound effect of ICIs in EGFR-mutant tumors at higher
PD-L1 expression levels [38]. Despite a quite small-scaled
study, this observation might indicate that the effect of the
ICI could be affected by PD-L1 expression in the tumors.
Here, re-biopsy specimens after TKI-failure, and not archi-
val specimens, were used for the PD-L1 expression analysis.

Conclusively, based on the above-mentioned three discus-
sion points, in EGFR-mutant tumors, (1) PD-L1 expression
changes over time, (2) an ICI might be effective, and (3)
its effect could be affected by the PD-L1 expression level
confirmed in the re-biopsy specimens. These results sug-
gest that it might be meaningful to conduct a re-biopsy to
reassess PD-L1 expression in EGFR-mutant tumors, while
considering introducing an ICIL.
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Conclusions

Targeted therapy, especially with regard to EGFR mutations,
ALK gene aberrations, and PD-L1 expression, has been suc-
cessful for treating advanced NSCLC with substantial pro-
longation of survival [9, 25]. Thus, it is extremely important
to investigate tumor oncogene status in each patient. We
have also shown that the significance of a re-biopsy var-
ies depending on the clinical situation. Any timely pivotal
results from future relevant studies should be cautiously
interpreted in daily clinical practice.
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