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Abstract

Background The impact of immune checkpoint inhibitors (ICls) based treatments on non-small cell lung cancers
(NSCLCs) with RET fusions remains poorly understood.

Methods We screened patients with RET fusions at the First Affiliated Hospital of Zhengzhou University and included
those who were treated with ICls based regimens for further analysis. We evaluated clinical indicators including
objective response rate (ORR), disease control rate (DCR), progression-free survival (PFS), and overall survival (OS).

Results A total of 232 patients with RET fusions were included in the study. Of these, 129 patients had their
programmed death-ligand 1 (PDL1) expression levels tested, with 22 patients (17.8%) having a PDL1 level greater than
or equal to 50%. Additionally, tumor mutational burden (TMB) status was evaluated in 35 patients, with the majority
(30/35, 85.8%) having a TMB of less than 10 mutations per megabase. Out of the 38 patients treated with ICl based
regimens, the median PFS was 5 months (95% confidence interval [Cl]: 2.4-7.6 months) and the median OS was 19
months (95% Cl: 9.7-28.3 months) at the time of data analysis. Stratification based on treatment lines did not show
any significant differences in OS (18 vs. 19 months, p=0.63) and PFS (6 vs. 5 months, p=0.86). The ORR for patients
treated with ICls was 26.3%. Furthermore, no significant differences were found for PFS (p=0.27) and OS (p=0.75)
between patients with positive and negative PDL1 expression. Additionally, there was no significant difference in
PD-L1 levels (p=0.10) between patients who achieved objective response and those who did not.

Conclusions Patients with RET fusion positive NSCLCs may not benefit from ICl based regimens and therefore should
not be treated with ICls in clinical practice.
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Introduction

Targeted therapy has revolutionized the treatment
approach and extended the survival of advanced lung
cancer with specific oncogenic drivers. In lung adeno-
carcinoma, around 50-60% of all lung cancer cases
exhibit gene alterations with clinical significance that are
associated with effective targeted treatments [1, 2]. As a
result, molecular testing has become a standard part of
the diagnostic process for advanced lung adenocarci-
noma patients.

One emerging target in lung adenocarcinoma is the
rearrangement of the proto-oncogene known as RET
fusion, which accounts for only 1-2% of cases [3—5]. RET
fusion leads to the constant activation of the RET tyro-
sine kinase, triggering the MAPK and PI3K oncogenic
pathways [3-5]. Initially, the use of multikinase inhibitors
(MTKis) like cabozantinib and vandetanib showed lim-
ited effectiveness in treating RET fusion-positive NSCLC
[6—8]. However, the introduction of selective RET inhibi-
tors (RETis) such as selpercatinib and pralsetinib has
significantly improved the prognosis for advanced lung
cancer patients with RET fusions [9-11].

Due to their better effectiveness and tolerability, the
National Medical Products Administration (NMPA) and
the Food and Drug Administration (FDA) have approved
their use in RET fusion-positive NSCLC. However, the
higher cost of these selective RET inhibitors restricts
their availability to many Chinese patients.

Immune checkpoint inhibitors (ICIs) have significantly
changed treatment approaches and improved the out-
look for patients without identified driver mutations.
However, their effectiveness tends to be lower for those
with certain oncogenic driver mutations, such as EGFR
or ALK, and these patients may experience more severe
side effects [12—14]. Despite these challenges, the poten-
tial benefit of ICIs in individuals with other less com-
mon oncogenic drivers, like RET fusions, hasn’t been
thoroughly investigated, largely because these patients
aren’t usually excluded from clinical trials or specifically
analyzed.

A handful of smaller retrospective studies have evalu-
ated the use of ICIs in patients with non-small cell lung
cancer (NSCLC) who have RET +mutations [12, 15, 16].
One study by Guisier et al. showed that these patients
had a response to ICI monotherapy similar to those with-
out driver mutations, with a 37.5% objective response
rate (ORR) and a progression-free survival (PFS) of 7.6
months [16]. However, this study was limited to just nine
patients with RET-rearranged NSCLC. Another study
presented opposing findings, suggesting a poor response
to ICI monotherapy in patients with RET fusions, evi-
denced by a 6.3% ORR and a PFS of only 2.1 months [12].
Baglivo et al. also indicated that RET rearrangements
could predict a lack of response to ICI monotherapy in
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NSCLC, citing two cases that experienced rapid disease
progression when treated with ICIs, even though they
had high levels of programmed death-ligand 1 (PD-L1)
[17]. Furthermore, Hedge’s group advised that, for RET
positive tumors, non-ICI therapies were preferred over
ICI-based treatments [18]. These studies taken together
suggest that ICI monotherapy might not be the best
approach for RET fusion positive NSCLC, but the poten-
tial of ICI-based combination treatments for these can-
cers still needs to be explored. A possible reason for this
is that RET positive NSCLC is considered a “cold” tumor,
similar to other types of oncogene-addicted NSCLCs,
characterized by low PD-L1 expression and tumor muta-
tional burden (TMB) [19].

Given the varied outcomes reported for ICI monother-
apy in small case series of RET+NSCLC, the actual effec-
tiveness of chemoimmunotherapy in RET fusion positive
NSCLC is still unclear. This study aims to thoroughly
characterize patients with RET fusion positive NSCLC in
order to assess their clinical and biological features and
to clarify the outcomes of ICI-based therapy in advanced
NSCLC driven by RET addiction.

Patients and methods

Study design

This study is a single-center, retrospective analysis,
involving real-world patients with RET fusion, identified
from April 2017 to January 2022 at the First Affiliated
Hospital of Zhengzhou University. The inclusion criteria
were as follows: (1) patients aged 18 years or older; (2) all
patients with RET fusion positive NSCLC; (3) patients
who had undergone ICI-based therapy; (4) at least one
measurable lesion as per the Response Evaluation Crite-
ria in Solid Tumors, version 1.1 (RECIST v1.1); (5) OS of
more than 3 months; (6) inclusion of patients who had
received radiation or other therapies, or those who expe-
rienced recurrence post radical lung surgery. The main
exclusion criteria included: (1) no previous ICI therapy;
(2) tumors with mixed small cell lung cancer (SCLC)
components; (3) acquired RET fusions due to targeting
other oncogenes in prior treatments. The clinicopatho-
logical details and treatment data were gathered retro-
spectively from electronic health records (EHR).

Data collection

The assessment of treatment responses was carried
out in accordance with the Response Evaluation Crite-
ria in Solid Tumors, version 1.1 (RECIST 1.1). Data on
clinicopathological characteristics were retrospectively
gathered. Testing for RET fusion status was conducted
using next-generation sequencing (NGS). The ORR was
calculated as the proportion of patients who achieved
either a complete response (CR) or partial response (PR)
to the treatment. The disease control rate (DCR) was
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determined by the percentage of patients who had a CR,
PR, or stable disease (SD). PFS was defined as the period
from the start of the treatment to when progressive
disease (PD) was noted or the occurrence of death. OS
was measured from the time treatment began until the
patient passed away. For those who were still alive at their
last appointment, the information was censored.

RET fusions were identified using a polymerase chain
reaction (PCR) panel or next-generation sequencing
(NGS). The expression levels of PD-L1 were evaluated in
tumor tissues using immunohistochemistry (IHC) with
the DAKO 22C3 PharmDx antibody. The tumor propor-
tion score (TPS), indicating the percentage of tumor cells
showing partial or complete membrane staining posi-
tivity, was used to measure PD-L1 levels. Additionally,
patients were categorized based on their PD-L1 expres-
sion into negative, low, or high groups, corresponding
to TPSs of <1%, 1-49%, and =50%, respectively. Tumor
mutational burden (TMB) was also assessed through
NGS, covering a minimum of 300 genes.

Table 1 Patients'characteristics

Characteristics Total RET- Immuno- Treat- P-
fusion phenotyped ment val-
(n=232) cohort cohort ue
(n=194) (n=38)

Median age (range),  59(30-88) 59(30-88) 57 062

years (39-71)

Sex 0.87
Male 100 (43.1)  85(43.8) 15(39.5)
Female 132(56.9) 109 (56.2) 23 (60.5)

Smoking history 0.84
No 188 (81.0) 156 (804) 32(84.2)

Yes 44(19.0) 38(19.6) 6(15.8)

Histology 0.08
Adenocarcinoma 224 (96.6) 189 (974) 35(92.1)
Squamous 2 (0.9) 1(0.5) 2.6)
Neuroendocrine 3(13) 1(0.5)

carcinoma
Atypical carcinoid 2(0.9) 2(1.0) 0(0)

Others 1(04) 1(0.5) 0(0)

Stage 0.000

| 84 (36.2) 84 (43.3) 0(0)

Il 0(0) 0(0) 0(0)

I 34(14.7) 31(16.0) 3(7.9)
I\ 114 (49.1) 79 (40.7) 35(92.1)

Brain metastases 0.000
Yes 219.7) 8(4.1) 13(34.2
No 211(909) 186(95.9) 25 (65.8)

ICI combination therapy
First line 17 (44.

Second or later line 21 (55.3)
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Statistical analysis

Statistical analyses were conducted using SPSS version
21.0 (IBM Corp., USA). Categorical data were analyzed
using Fisher’s exact test and the Wilcoxon two-sample
test. A P-value of less than 0.05 was considered statisti-
cally significant. Survival curves were plotted using the
Kaplan-Meier method, and survival differences were
assessed using the stratified log-rank test. Hazard ratios
(HRs) and 95% CIs were computed using Cox propor-
tional hazards regression analysis.

Results

Patients’ clinicopathological features

Between April 2017 and January 2022, a total of 232
patients with RET-fusion positive NSCLC were retro-
spectively included in this study from the First Affili-
ated Hospital of Zhengzhou University. Among them, 84
were diagnosed with stage I, there were no patients with
stage II, 34 with stage III, and 114 with stage IV disease,
as shown in Table 1. At the time of their metastatic dis-
ease diagnosis, 21 patients (9.1%) had brain metastases.
The majority of patients (224 out of 232, 96.7%) were
diagnosed with adenocarcinoma; other histological types
included neuroendocrine carcinoma (5 patients), squa-
mous cell carcinoma (2 cases), and one case of a scleros-
ing pneumocytic tumor. A large proportion, specifically
187 patients (81.0%), were never smokers. Moreover, the
median age was 59 years, ranging from 30 to 88, align-
ing with the typical clinical profile of patients with RET-
fusion positive NSCLC. KIF5B was identified as the
most common fusion partner. Other partners included
CCDC6, IGR4, TRIM, among others, which are illus-
trated in Fig. 1. In this cohort, 27 patients were found
to carry both TP53 and RET fusion mutations. Also, 5
patients were found to have concurrent EGFR sensitiz-
ing mutations, which included 3 cases with an exon 19
deletion and 2 cases with an exon 21 L858R mutation, as
documented in Supplemental Table 1. RET fusion test-
ing was conducted using NGS or PCR in 209 patients
(90.1%) and 23 patients (9.9%), respectively. The treat-
ment approaches and medications utilized in the study
are outlined in Supplemental Table 2.

Expression of PD-L1 and TMB status in RET + NSCLC
patients

PD-L1 expression levels were evaluated in 129 indi-
viduals with RET fusion-positive NSCLCs, includ-
ing 28 participating in the treatment cohort and 101 in
the immunophenotypic cohort. The division of PD-L1
expression levels across these patients showed that 65
(50.8%) exhibited negative PD-L1 expression (under 1%),
40 (31.3%) had low levels (between 1 and 49%), and 23
(17.9%) demonstrated high expression (50% or greater),
detailed in Table 2. TMB was assessed for 35 patients
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Fig. 1 The fusion partners of RET gene

Table 2 PD-L1 expression and TMB status in RET fusion positive

patients
Total Immuno- ICl treat- P-
RET-fusion  phenotyped ment val-
positive cohort cohort ue
PD-L1 expres- N=129 N=101 n=28 0.07
sion TPS (%)
Negative (<1) 66 (51.2) 53 (52.5) 13 (25.0)
low (1-49) 40 (31.0) 32(31.7) 8(25.0
High (=50) 23(17.8) 16 (15.8) 7 (50.0)
PD-L1 expres- 0 0 30 0.08
sion TPS (%)
median
TMB (mut/Mb)  N=35 N=27 n=8 0.28
Low (<5) 22 (62.9) 18 (66.7) 4(50)
Intermediate 8(229) 4(14.8) 4 (50)
(5-10)
High (= 10) 5(14.3) 5(18.5) 0(0)
TMB (mut/Mb) 0.005
Median (range) 3.99(1.0-12.7) 3.1(1.0-12.7) 53

with RET fusion-positive NSCLCs—8 from the treat-
ment cohort and 27 from the immunophenotypic cohort.
Among those assessed, the majority, 30 patients, had a
TMB lower than 10 mutations per megabase (mut/mb)
(85.7%), while 5 (14.3%) displayed a TMB of 10 mut/mb
or higher. To ensure a consistent comparison of TMB lev-
els, analyses were limited to those patients who received
both NGS and TMB testing via the MSK-IMPACT panel,
which was the most commonly implemented panel. The
median TMB observed in lung cancers with RET altera-
tions stood at 5.2 mut/mb, ranging from 0 to 17.5.

NCOA4
ELOC340107 mLOC441666 m MTUS1

m intergenic
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Response to ICls in RET+NSCLCs

In this series, a total of 38 patients were treated with ICIs;
patients who did not receive ICIs (administered with che-
motherapy, antiangiogesis agents or RET TKIs or giving
up therapy) were not included in this analysis. Details of
the screening workup are summarized in supplemental
Fig. 1. Out of these, 17 patients were given ICI combina-
tions as a first-line treatment, while 21 patients received
ICIs in later lines of treatment. Among them, 9 patients
achieved a PR, though no CR were observed at the time
of data cutoff. The ORRwas 23.7% (9 out of 38 patients,
with a 95% CI of 9.5-37.8%). The ORR for patients treated
with ICIs as a first-line therapy was 41.2% (95% CI, 15.1-
67.3%), notably higher compared to the 14.3% (95% CI,
2.0-30.6%) for those treated in the second or later lines of
therapy (p=0.022). However, the DCR showed no signifi-
cant difference between patients treated in the first line
versus those in the second or subsequent lines (82.4%,
95% CI, 62.1-93.7% vs. 81.0%, 62.6-99.3%, p=0.64). The
median PFS was 5 months (95% CI, 2.4—7.6 months) for
all patients receiving ICIs, as seen in Fig. 2A. Addition-
ally, the median OS was 19 months (95% CI, 9.7-28.3
months), depicted in Fig. 2B. When analyzed by the
line of treatment, the median PFS for patients treated
with ICIs as a first line was slightly longer than for those
treated beyond the first line (6 months vs. 5 months,
p=0.86, Hazard Ratio [HR]=0.93, 95% CI, 0.43-2.04),
but this difference was not statistically significant, as
illustrated in Fig. 3A. Similarly, no statistical significance
was found in median OS between patients receiving ICIs
as a first line compared to those in the second or later
lines (18 months vs. 19 months, p=0.63), as shown in
Fig. 3B.
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Fig.2 PFSand OS of RET fusion positive NSCLC patients treated with ICl based therapies. (A) the mPFS of RET fusion positive NSCLC patients treated with

ICls; (B) the mOS of RET fusion positive NSCLC patients treated with ICls
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Fig. 3 PFS and OS of ICls stratified by treatment lines. (A) PFS for patients of the treatment cohort stratified by treatment line; (B) OS for patients of the

treatment cohort stratified by treatment line

The correlation between ICl response and PD-L1 levels and
TMB status

Previous studies have indicated that PD-L1 levels and
TMB status may correlate with the effectiveness of ICls
[20, 21]. Consequently, in this study, we investigated the
predictive value of PD-L1 expression and TMB status
for ICI response in patients with RET fusion-positive
NSCLC. A waterfall plot demonstrated the maximum
change in target lesions from baseline, categorized
by PD-L1 expression levels (Fig. 4A). Upon analyzing
the relationship between PD-L1 expression levels and
treatment efficacy, we found no significant association
between PD-L1 expression levels and response (median
45% versus 20%, p=0.10, Fig. 4B) when comparing
responders (those achieving a PR) to non-responders
(those with SD or PD). Furthermore, there was no sta-
tistical correlation between the maximum change in the
sum of target lesions and PD-L1 levels (r=-0.34, 95% CI,
-0.63-0.04, p=0.08, Fig. 4C). Due to the limited number
of cases, we could not assess the correlation between
response and TMB. Nevertheless, there was an observed
trend towards improved PFS in patients with positive
PD-L1 expression (7 months for PD-L1>1% versus 3

months for PD-L1<1%, p=0.27), as shown in the addi-
tional file, Figure S3A. However, this trend did not extend
to the correlation between OS and PD-L1 level, as indi-
cated in the additional file, Figure S3B.

Adverse events profile

Out of the patients receiving ICIs, 75.7% (28 patients)
experienced adverse events, as outlined in Supplemen-
tal Table 4. However, only a small fraction of these cases,
17.9% (5 out of 28 patients), involved severe toxicities
(grade 3 or higher adverse events). Overall, the side effect
profile was considered manageable. Adverse events with
an occurrence greater than 20% included liver injury
(35.7%), anemia (57.1%), leukopenia (21.4%), and skin
effects (21.4%), with additional adverse events detailed
in Supplemental Table 4. Five patients developed grade 3
or higher adverse effects: one with anemia, one with leu-
kopenia, one with thrombocytopenia, and two with liver
injury. There were no cases of Interstitial Lung Disease
reported in this series.
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Discussion

To our knowledge, this study represents the most exten-
sive cohort of RET fusion-positive NSCLC patients in
China, detailing the immunophenotype and the effec-
tiveness of ICI-based treatments. The research included
data from 232 lung cancer patients with RET fusions,
gathered from real-world clinical settings. However, due
to the study’s limitations and its retrospective nature,
there is a clear need for randomized, prospective tri-
als to corroborate our findings. Our cohort exhibited
several distinctive characteristics that are worth noting.
Firstly, the majority of our patients (187, or 80.3%) were
never smokers, meaning they either never had a smoking
history or had quit smoking at least 20 years prior. This
finding contradicts previous studies, which indicated
that 29-50% of patients with RET fusion mutations were
smokers, although those studies included only a limited
number of cases. Secondly, while most of the patients
were diagnosed with adenocarcinoma, a small subset
of 3.4% had other histological types. This is in line with
existing literature that describes the occurrence of RET
fusion in NSCLC [22-24]. Notably, in both this series
and prior reports, neuroendocrine carcinomas were

the most commonly diagnosed lung cancers with RET
fusions, aside from adenocarcinoma [22]. Additionally,
over half of our patients were diagnosed with stage IV
disease, aligning with findings from previous research
[25]. The thorax and bones were the most common sites
of metastasis identified at the initial diagnosis. However,
only 7 patients (3%) had adrenal metastases at the time
of their initial diagnosis, which is lower compared to the
higher incidence typically seen in NSCLC. Our study
also observed that 9% of patients had brain metastases
at the initial diagnosis, which is less than the percentage
reported in prior studies [26]. One possible explanation
for this discrepancy could be that baseline screening for
brain metastases was not standardized.

In our research, the majority of patients with RET
fusion-positive mutations showed PD-L1 expression of
less than 50% (17.8%). Currently, the reports on PD-L1
expression levels in patients with RET fusion-positive
mutations are mixedt [27, 28]. One small-scale study
found a higher proportion of RET mutation-positive
patients to have elevated levels of PD-L1 expression [27],
On the other hand, another study came to an opposite
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conclusion, suggesting that only a minority of patients
exhibited high PD-L1 expression [28].

In our series, we observed that the majority of patients
with RET-fusion mutations had a TMBof less than 10
mutations per megabase. The median TMB in our RET-
altered patients was significantly lower than that seen in
other types of lung cancers, including those driven by
other oncogenic mutations, which are typically found in
non-smokers [27, 29]. Prior research has indicated that
patients with a history of smoking tend to have a higher
TMB [30, 31], which may partly explain the lower TMB
observed in patients with RET alterations. Moreover,
these findings are consistent with those reported in the
literature. Given this immunophenotype, it is not surpris-
ing that ICI monotherapy would have a lower response
rate and a shorter period of PFS, as documented in
previous research. Nevertheless, our data suggest that
combining ICIs with chemotherapy also resulted in sub-
optimal effectiveness (ORR: objective response rate of
27.0%) and limited PFS (median PFS of 5 months). These
results reinforce the notion that patients with RET-fusion
positive tumors may not derive benefits from ICIs, nei-
ther as a standalone treatment nor in combination with
chemotherapy.

Prior research has indicated that patients with onco-
genic driver mutations, such as EGFR sensitizing muta-
tions and ALK fusions, generally do not benefit greatly
from ICI monotherapy, leading clinical trials on ICIs to
typically exclude these groups [12, 27, 32]. In line with
this, our data also demonstrated that patients with RET
fusions had a limited response to treatment combina-
tions that included ICIs [12, 33, 34]. This aligns with the
results from other small-scale studies. Yet, contrasting
findings have emerged from a recent study suggesting
that RET mutations might actually offer a positive pre-
dictive response to ICI therapy [35], proposing that RET
translocations and RET point mutations may trigger dis-
tinct molecular pathways in cancer. Importantly, previ-
ous research has suggested that NSCLCs positive for RET
fusions are more likely to respond to platinum-based
chemotherapy, particularly when combined with peme-
trexed [36]. This study discovered that among 18 NSCLC
patients with RET fusions treated with pemetrexed, there
was a 45% objective response rate (ORR) and a median
PFS of 19 months [36], These outcomes are on par
with similar treatment regimens used for ROS1 fusion-
positive and ALK-rearranged NSCLCs. Additionally,
further findings have shown that pemetrexed-based regi-
mens also yield favorable results in RET fusion-positive
NSCLCs, albeit to a lesser extent, with a median PFS of 9
months reported in another study [24]. Our results indi-
cated that combining ICIs with chemotherapy provided
limited benefit in RET fusion-positive NSCLCs. There-
fore, considering all these factors together, it appears that
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ICIs may affect the effectiveness of chemotherapy. More
research is needed to verify these findings.

Certainly, this research has several limitations that
should be highlighted for clarity. The primary concern
is the small sample size and the retrospective nature of
the study. Secondly, the lack of centralized confirmation
of RET fusion status and the diversity in molecular test-
ing methods are noteworthy issues. It’s important to rec-
ognize that most patients were tested for RET fusions at
initial diagnosis, while some were tested upon relapse.
However, due to the retrospective nature of the study,
we can't precisely determine the timing and reasons why
some individuals did not undergo RET testing at initial
diagnosis, especially as some were diagnosed with stage
IV disease. Additionally, there was no systematic require-
ment for PD-L1 testing and TMB status evaluation in
patients with RET fusion-positive tumors. Furthermore,
the study did not employ a central independent imaging
review to determine tumor response, which was instead
assessed by the investigators. Therefore, the conclusions
reached by this study should be approached with caution.

In conclusion, our study indicates that patients with
NSCLC harboring RET fusions are typically non-smok-
ers diagnosed with adenocarcinoma. The immunopheno-
type of RET-positive NSCLCs is characterized by limited
PD-L1 expression and a low to intermediate TMB status,
suggesting they are “cold” tumors less likely to respond
to immunotherapy. Our data also suggest that combin-
ing ICIs with chemotherapy does not improve efficacy
compared to ICI monotherapy. Moreover, the presence
of ICIs might even negatively influence the effectiveness
of chemotherapy. These results reinforce the notion that
patients with RET fusion-positive NSCLC may not derive
benefit from ICI treatments and should potentially be
excluded from such therapies. However, further studies
are needed to substantiate these findings.
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