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ROS proto-oncogene 1 (ROS1) rearrangements occur in 0.9-2.6% of patients with non small cell lung cancer
(NSCLC), conferring sensitivity to treatment with specific tyrosine-kinase inhibitors (TKI). Crizotinib, a first-
generation TKI, was the first target-therapy approved for the first-line treatment of ROS1-positive NSCLC.
Entrectinib, a multitarget inhibitor with an anti-ROS1 activity 40 times more potent than crizotinib and better activity

on the central nervous system (CNS), received approval for treatment-naive patients.

ROS1 non small cell lung cancer target therapy

| 1. Introduction

Lung cancer is considered the first cause of death from cancer worldwide 2. Non-small cell lung cancer (NSCLC),
which accounts for around 84% of all lung cancer cases and is frequently diagnosed at an advanced stage, has a
poor prognosis and low survival rates. NSCLC is not a single entity but rather represents a variety of distinct
illnesses, based on its molecular characteristics and, in some circumstances, on the expression of particular
targetable oncogenic drivers 2. ROS1 is a tyrosine kinase receptor belonging to the insulin receptor family. Its
gene is on chromosome 6. It is made up of an extracellular N-terminal domain, a single trans-membrane domain,
and an intracellular C-terminal region that contains the kinase domain B4, wild-type ROS1's role is not completely
known, but it seems to be involved in differentiation of epithelial tissues during embryogenesis. Chromosomal
rearrangements involving ROS1 were first identified in glioblastoma, but they have been identified also in
cholangiocarcinoma, gastric cancer, ovarian cancer, soft-tissue sarcomas, breast cancer, lung cancer and many
other tumor types 2. Several gene fusion partners have been discovered. The most frequent fusion gene is CD74—
ROS1, representing 44% of cases, followed by EZRs—ROS1, SDC4-ROS1 and SLC34A2. The upregulation of the
SHP-2 phosphatase, MAPK/ERK pathway, PI3K/AKT/mTOR pathway, and JAK/STAT pathway, which control
cellular survival, growth, and proliferation, is a characteristic of all fusion genes. These genes are oncogenic and
have constitutive, ligand-independent catalytic activity [€. The prognostic role of these different fusion genes has
been explored in several studies but clear conclusions cannot be outlined. Interestingly, oncogenic co-mutations
can be found in 36% of ROS1 positive NSCLC, in particular EGFR or KRAS mutations, MET amplification or ALK
translocation . ROS1 rearrangements are present in 0.9—2.6% of NSCLCs. ROS1-positive NSCLCs share some
clinicopathological characteristics with ALK-positive NSCLCs, although they are different entities. In fact, ROS1

rearrangements are more frequently found in adenocarcinomas (with a predominance of solid, papillary, acinar,
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cribriform, and mucinous histology patterns), women, young patients and light- or never-smokers. Furthermore,
ROS1-positive tumors are usually diagnosed in an advanced stage (llI-1V), with brain metastases and lymph-node
involvement; they are also associated with major thromboembolic risk, included trombotic microangiopathy or

disseminated intravascular coagulation (DIC) [EII0ILLI12)13]114] - Central nervous system (CNS) involvement is

frequent not only at diagnosis (36% of patients), but also as the first-site of progression (47% of patients) L. All
metastatic lung cancers should be tested for the presence of ROS1 rearrangements, regardless of clinical
characteristics. In particular, ROS1 should be sought not only in adenocarcinomas, but also in tumors with mixed
histology or squamous-cell carcinomas, because an adenocarcinoma component cannot be excluded, especially in
never-smokers or younger (<50 years) patients 13, The techniques that can be used to detect the presence of
ROS1 are immunohistochemistry (IHC), fluorescence in situ hybridation (FISH), reverse-transcriptase-polymerase-
chain-reaction (RT-PCR) and next generation sequencing (NGS). These techniques are not always available in all
cancer treatment centers, but the use of them is essential for a correct diagnosis and an optimal setting of the
therapeutic path. IHC is usually used as a screening technique 871, |t has lower costs than other techniques, and
a high sensitivity, but a variable specificity, ranging from 70% to 90%. Its limits are the lack of globally accepted
scores, the difficulty in interpretation of results and the need to use other techniques to confirm results, in the case
of positivity or questionable results. In particular, a weak ROS1 expression can be found in hyperplastic type I
pneumocytes, alveolar macrophages and osteoclasts, making the evaluation of the outcome more difficult. IHC
false-positives are more common in EGFR-mutated lepidic or acinar adenocarcinomas. Actually, there are three
commercially available anti-ROS1 antibodies. When a positive IHC is found in contrast with a negative FISH, due
to the presence of other oncogenic driver mutations, the use of a further technique is necessary, usually NGS. The
gold standard to identify ROS1 rearrangements is represented by FISH, thanks to its high specificity and sensitivity
(18] FISH testing can be performed either on histological sections or cytological specimens; it requires low input of
material and it is possible to have results in a short time. When more than 15% of the cells display separation of
the 3’ and 5’ probes or a distinct 3’ signal (centromeric), the sample is deemed positive. Its limits are the need of an
experienced pathologist due to the difficulty level to interpret the results, impossibility to know ROS1 fusion
partners, and need of sufficient amount of tumor cells (more than 50) 19, RT-PCR, despite its high sensitivity and
specificity, is rarely used for its high costs and technical difficulties. In particular, this technique requires different
steps, such as RNA extraction, complementary DNA synthesis, quantitative PCR and analysis, with a high risk of
variations 2921221 NGS allows to test simultaneously many predictive biomarkers, with high sensitivity and
specificity 2311241 |t s possible to identify several ROS1 fusion partners as well as other oncogenic molecular
targets, by using tumor DNA or RNA. NGS can be performed on tumor tissue or plasma. The cons of NGS are long
lead times and high costs, limiting its use in routine clinical practice, especially in small hospital centers. ROS1
turned out like a driver for targeted therapies, changing the natural history of this disease. Different tyrosine kinase
inhibitors are now available in ROS1-rearranged NSCLC, and several clinical trials are ongoing in this setting 23
(28] |n Figure 1, the timeline of main discoveries in ROS1-rearranged NSCLC is reported, from the first

identification of ROS1-rearrangements to the most recently introduced drugs.
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Figure 1. Timeline of main findings in ROS1-positive NSCLC.

| 2. Entrectinib vs. Crizotinib

Crizotinib and entrectinib are being compared head-to-head in patients with ROS1-positive non small cell lung
cancer, including those who have brain metastases, in a phase Ill randomized controlled trial (NCT04603807) that
has been accepting patients since 2021 27, The comparative efficacy and safety of the two medications in a
clinical trial environment will be directly demonstrated by this investigation. Until the results of this study are
available, the only feasible assessments can only be derived from indirect comparisons. In particular, Tremblay et
al. published a paper in which they produced a clinical trial-to-clinical trial simulated treatment comparison (STC)
using data from the regulatory approval-supporting trials for crizotinib and entrectinib to compare the efficacy of
crizotinib and entrectinib in ROS1-positive non small cell lung cancer 28], Obviously, this type of analysis is affected
by numerous biases and high variability. Although the crizotinib and entrectinib study populations were similar in
many trial inclusion/exclusion criteria, some crucial differences may impact the outcome of the indirect comparison.
The population of the studies PROFILE 1001 and STARTRK-1, STARTRK-2 and ALKA-372-001 presented
substantial differences, particularly with regard to sex, ECOG PS and smoking habit. In particular, PROFILE 1001
included patients with ECOG PS 0-1, while ECOG PS 2 patients were only included under special circumstances.
On the contrary, patients in the entrectinib trials had an ECOG PS of 0-2, indicating that some of the participants
may have had lower performance status. According to estimates, results are much poorer when ECOG PS is
higher. In addition, PROFILE 1001 had a much longer follow-up time as well. Another drawback is that the research
involved comparatively few patients, and results were measured differently. Furthermore, data on the presence of

CNS metastases were not collected at baseline in the PROFILE 1001 study, in contrast to the entrectinib
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registrational study. With the above limits, Tremblay et al. found that crizotinib showed nonsignificant ORR
advantages over entrectinib both before and after adjustment for key variables. When compared to entrectinib,
crizotinib was linked with non-significant but prolonged mPFS and mDOR both before and after correction. The 12-
month OS after adjustment showed a similar pattern, despite the fact that the uncorrected analysis indicated a non-
significantly higher risk of mortality for crizotinib. Chu et al. published a similar clinical trial-to-clinical trial
comparison that included entrectinib pivotal data from the ALKA-372-001, STARTRK-1, and STARTRK-2 studies in
ROS1-positive NSCLC and matching-adjusted indirect comparison (MAIC) of crizotinib from PROFILE 1001 and
individual patient data (IPD) for entrectinib 22, This MAIC discovered that entrectinib may significantly outperform
crizotinib in terms of ORR results but found no statistically significant difference between the two drugs’ PFS or OS
outcomes. The differences between these indirect comparisons are the evaluation of the frequency of brain
metastases, which is present only in the MAIC, and the type of data used; the MAIC used an earlier crizotinib and
entrectinib data cut, whereas STC evaluated the updated OS from PROFILE 1001 and a larger sample size with at
least 6 months’ follow-up from the integrated entrectinib analysis. While awaiting the data related to the phase IlI
trial with the face-to-face comparison of the two drugs, in daily clinical practice, it could be hypothesized that
crizotinib is preferred in the absence of brain metastases and entrectinib prescribed in the case of CNS
localizations, exploiting its greater ability to penetrate through the blood-brain barrier. Table 1 summarizes

outcomes of the main trials of crizotinib and entrectinib in ROS1-positive NSCLC.

Table 1. Comparison of major outcomes for crizotinib and entrectinib.

Clinical Trial Phase ORR Median PFS Median OS
PROFILE 1001 [20131] 1b 72% 19.3 months 51.4 months
EUCROSS [82] 2 70% 15.9 months 20 months
METROS [33] 2 65% 22.8 months -
AcSe [34] 2 69% 5.5 months 17 months
STARTRK-1
STARTRK-2 1/2 67.1% 15.7 months Not reached

ALKA-372-001 1331

STARTRK-NG 28] 1/2 57.7% Not reached -
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