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Abstract

Single-agent osimertinib has improved outcomes in EGFR-mutated lung cancer patients with brain
metastases (BMs), but still, 40% of them will experience an intracranial progression. We performed a
systematic review to evaluate the role of brain radiotherapy upfront plus osimertinib. We



evaluated articles comparing the use of osimertinib versus osimertinib plus brain radiotherapy. We
included 897 patients from nine retrospective studies. Patients treated with combination therapy had an
improvement in intracranial progression-free survival (HR 0.76; 95% CI1 0.61-0.94) and overall survival
(HR 0.56; 95% CI 0.36-0.87) with an acceptable safety profile. Osimertinib with upfront brain
radiotherapy may be a suitable first-line treatment option for EGFR mutated patients with BMs at
diagnosis. The main limitations of this analysis are the retrospective nature and the inability to control
for a single variable of interest. Despite that, the combination of osimertinib and upfront
brain radiotherapy is a treatment strategy that deserves further prospective trials.

1. Introduction

Brain metastases (BMs) represent a main issue in the treatment of non-small-cell lung cancer (NSCLC).
About 10-25% of the patients with advanced disease present BMs at the initial diagnosis, and up to 50%
of the patients eventually develop BMs during the entire course of the disease. (Riihiméki et al., 2014;
Ulahannan et al., 2017). Furthermore, BMs incidence shows an increasing trend due to the development
of more accurate diagnostic procedures and new treatment options leading to better control of
extracranial disease. However, the development of BMs still results in a poor clinical outcome with a
median overall survival (OS) that ranged from 3 to 15 months. (Achrol et al., 2019; Sperduto et al.,
2012)

Epidermal growth factor receptor (EGFR) mutations are common in patients with advanced NSCLC,
with a frequency of approximately 50% in Asian populations and 15% in Caucasian patients. Patients
with EGFR-mutated NSCLC present a higher propensity to develop BMs (Berger et al., 2013; Melosky
et al., 2022; Rangachari et al., 2015; Rosell et al., 2009). In particular, BMs are detected in 24.4% of
EGFR-mutated patients at the time of diagnosis and in 46.7% within 3 years from the diagnosis,
respectively. (Rangachari et al., 2015) EGFR tyrosine kinase inhibitors (EGFR-TKIs) are the standard
treatment for advanced NSCLC with EGFR mutations (Hendriks et al., 2023). The third-generation TKI
osimertinib demonstrated to improve progression-free survival (PFS) as compared to first-generation
TKIs (gefitinib and erlotinib) and is the preferred first-line treatment to date. (Soria et al., 2018).
Moreover, the phase Il FLAURA trial confirmed the efficacy of osimertinib in patients with
asymptomatic brain metastases (BMs) with a CNS objective response rate (ORR) that ranged from 66%
to 91%, depending on the presence or not of measurable lesions. This led to an improvement in
intracranial PFS (icPFS) (58% vs 40% at 18 months) as well, due to the ability to cross the blood-brain
barrier (BBB) compared to first-generation TKIs (Reungwetwattana et al., 2018).

Loco-regional treatments are another cornerstone of BMs management, encompassing both
neurosurgical approaches and radiotherapy (RT). Specifically, RT could be delivered either as whole-
brain radiotherapy (WBRT) or as stereotactic radiosurgery (SRS) (Mantovani et al., 2021). Few
retrospective studies and meta-analyses reported the longest median OS in patients receiving upfront
SRS followed by TKI in EGFR-mutated NSCLC with baseline brain metastases, suggesting a possible
role of combining these two strategies. (Magnuson et al., 2017; Soon et al., 2015).

However, the role of combining upfront brain RT with more brain-penetrating drugs such as osimertinib
is not well established. For this reason, we conducted a meta-analysis to better define the possible
benefits of upfront brain RT concurrent with the start of the third-generation TKI osimertinib in all line
settings.

2. Material and methods



We conducted a comprehensive literature search using PubMed, EMBASE, and the Cochrane Library
from September 1, 2023, to October 31, 2023. We did an update of the literature search in March 2024,
screening for the articles published in the meantime. We ended the literature research on March 31,
2024. We followed and reported guidelines from the PRISMA checklist (Page et al., 2021)
(Supplementary File 1). The protocol for this systematic review was registered on the International
Prospective Register of Systematic Reviews (PROSPERO) CRD42024469153 and can be accessed at
http://www.crd.york.ac.uk/PROSPERO/display_record.asp?ID=CRD42024469153.

2.1 Search strategy

The search utilized the following combination of keywords: (Lung cancer or non-small cell lung cancer
or adenocarcinoma or NSCLC or lung neoplasm) AND (radiotherapy or cranial radiotherapy or
radiation therapy or whole brain radiation therapy or WBRT or whole brain radiotherapy or stereotactic
radiotherapy or stereotactic radiosurgery or SRS or radiosurgery or intracranial) AND (TKI or
osimertinib or tyrosine kinase inhibitor or EGFR or targeted therapy or epidermal growth factor
receptor) AND (brain metastases or CNS metastases) [MeSH Terms]. (see Supplementary File 1)

The inclusion criteria for literature selection were defined using the Population, Intervention, Control,
Outcomes (PICO) method (Fig. 1).

2.2 Study selection

Inclusion criteria for the quantitative meta-analysis involved studies with data on: (1) patients diagnosed
with EGFR-mutated NSCLC with brain metastases; (2) reporting or extractable data on either median
PFS or OS and the related hazard ratio (HR); (3) treatment with osimertinib in whichever line settings
and brain RT (either SRS or WBRT) as an upfront treatment strategy; (4) studies in which a minority
of patients in the experimental arm (SRS or WBRT + TKI) underwent brain surgery as local treatment
were included.

Exclusion criteria were: (1) studies in which RT was considered as a salvage therapy or as consolidative
therapy in the combination arm; (2) studies including surgery as the only treatment option in the
experimental arm; (3) studies including patients treated with first-generation TKIs or studies in which
it was not possible to extrapolate outcome single data regarding osimertinib use; (4) studies written in
a language other than English; 5) articles published before January 1, 2014.

A total of 1,258 abstracts were initially reviewed independently by two authors (A.N., V.B.), using dual
data extraction through Ryyaan software. Before the screening, 28 articles were automatically excluded
as duplicates and one was excluded because the work was not published in English. Of the remaining
1,229 articles screened, 45 full-text articles were assessed for eligibility. A third reviewer (S.P.) cross-
checked the articles selected by the first two authors, confirming eligibility and resolving disagreements.
Ultimately, 9 articles were considered eligible for quantitative meta-analysis The full list of all excluded
articles is available as an online library through the link reported in Supplementary File 1. We described
the selection algorithm based on the Preferred Reporting Items for Systematic Reviews and Meta-
analyses (PRISMA) (Fig. 2)

2.3 Data extraction and risk of bias assessment

We used Microsoft Excel for data collection. For each study, we extracted data about the number of
patients included in each arm, line setting, median follow-up, patients with less than three metastases
in each arm, intracranial overall response rate, median progression-free survival, and median overall
survival for each arm, rate of adverse events. The quality of the studies included was evaluated through
the Newcastle-Ottawa scale (NOS) for cohort studies. (Table 1).

2.4 Outcome measures



The primary outcomes of the study were icPFS and OS. Secondary outcomes were intracranial overall
response rate (icORR) and the rate of adverse events (AEs). OS was defined as the survival time
between the start of third-generation TKI and death from any cause. Intracranial PFS was defined as
failure of local control of known brain metastases or development of new brain metastases following
initial therapy with third-generation TKI. ICORR was defined as the rate of complete response plus
partial response at the intracranial level.

We assessed the overall certainty of the evidence for each outcome using the GRADE domains
according to the GRADE approach (Balshem et al., 2011). The existing evidence was summarised in a
Summary of Findings (SoF) table, which provides critical information about the magnitude of the
interventions’ relative effects, as well as the quantity and certainty of available evidence.

2.5 Statistical Analysis

The inverse variance method was assessed to analyze time-to-event outcomes, producing a pooled effect
estimate and using Hazard Ratio and their related 95% confidence intervals. When studies did not
provide any direct information about the Hazard Ratio of the outcomes of interest, we obtained the log
Hazard Ratio and the Standard Error through p-value and/or Confidence Interval, as suggested by the
Cochrane guidelines and scientific literature. (Higgins et al., 2023; Parmar et al., 1998) . A random
effect model was performed for all analyses due to potential heterogeneity among the studies. Statistical
heterogeneity was evaluated using the I? statistic, which assesses the appropriateness of pooling the
individual study results. The 12 value provides an estimate of the amount of variance across the studies
as a result of heterogeneity rather than chance: 12 < 30% indicates mild, 30-50% moderate, and > 50%
severe heterogeneity. Reports of the rate of adverse events and ic ORR were descriptive, as only three
studies reported these data and meta-analysis was not feasible. Results were depicted as conventional
meta-analysis forest plots using RevMan 5.4 software.

3. Results

Nine retrospective studies were included in the final analysis for a total of 897 patients, with a median
follow-up time ranging from 14.0 and 40.0 months (Gu et al., 2021; Niu et al., 2024; Thomas et al.,
2022; Tozuka et al., 2024; Xie et al., 2019; Yu et al., 2021; Zhai et al., 2021; Zhao et al., 2022; Zhou et
al., 2023). The studies included were published from 2019 to 2024. Patients belonged to an Asian
ethnicity in 8 out of 9 studies. Data on primary outcomes as well as main patient characteristics are
listed for each study in Table 2. Gu et al. and Zhao et al. evaluated patients treated with every generation
of EGFR-directed TKIs in first line. However, a subgroup analysis assessed the outcome for patients
treated with osimertinib. In the study of Gu et al., more patients in the RT group had neurological
symptoms (68.3% vs 33.3%) and more than three brain metastases (43.3% vs 23.1%). Gu et al. reported
in detail subsequent treatments after intracranial progression and only two out of thirteen patients treated
with first-line third-generation TKI alone received subsequent salvage brain RT.

Three studies evaluated patients treated with third-generation TKIs in first-line (Niu et al., 2024; Tozuka
et al., 2024; Zhou et al., 2023). Niu et al. also included patients treated with aumolertinib, while
osimertinib was the only evaluated EGFR-inhibitor in the other two studies. In the study of Niu et al.,
all patients presented neurologic symptoms, and more patients in the combination group presented
an oligo BM number (59.5% vs 36.4%), even if this difference was not statistically significant. In the
study of Zhou et al., the RT group had a higher prevalence of patients with symptomatic BM (55.2% vs
20.5%) while no differences were seen in other patient characteristics, such as the number of brain
metastases or the presence of extracranial metastases. In the study of Tozuka et al., patients receiving
osimertinib plus local treatment upfront presented a higher median of the largest BM diameter (15 vs 8
mm), a higher proportion of symptomatic BMs (42% vs 9%), more frequently received steroids (27%
vs 8%, p=0.008), and more likely had only intracranial disease.



In the remaining studies, patients treated with osimertinib in all-line settings were evaluated, including
patients with acquired T790M mutation. (Thomas et al., 2022; Xie et al., 2019; Yu et al., 2021; Zhai et
al., 2021) It is worth mentioning that Thompson et al. also enrolled 4 patients treated with the third-
generation TKI rociletinib, and patients in the RT+TKI arm more frequently exhibited more than ten
brain metastases (44.2% vs. 30.8%). Zhai et al. showed no differences in the number of brain metastases
and symptomatic patients between the two treatment arms. Yu et al. reported no differences in the two
arms in the number of brain metastases and the other reported characteristics, while more symptomatic
patients were treated with osimertinib+RT.

We should highlight that three of the studies included in this analysis also enrolled a minority of patients
who received surgery as local treatment. (Niu et al., 2024; Tozuka et al., 2024; Zhao et al., 2022). In
the study of Zhao et al., 24 patients were enrolled in the combination group but authors did not specify
if they received SRS or surgery. Furthermore, Niu et al. enrolled 14 patients receiving surgery, while in
the study of Tozuka et al., one patient received WBRT+SRS, 3 patients had surgery, and 2 patients
had both SRS + surgery.

3.1 Primary outcomes

OS data were evaluable for 8 studies. (Gu et al., 2021; Niu et al., 2024; Tozuka et al., 2024; Xie et al.,
2019; Yu et al., 2021; Zhai et al., 2021; Zhao et al., 2022; Zhou et al., 2023), showing a significant
improvement in patients treated with third-generation TKI plus radiotherapy, as compared with TKI
alone, with an HR of 0.56 (95% CI 0.36- 0.87; certainty of evidence: very low). Heterogeneity in the
included studies was 56%. (Figures 3, 5)

Final analysis of the co-primary endpoint icPFS was obtained from 7 studies with available data. (Gu
etal., 2021; Niu et al., 2024; Thomas et al., 2022; Tozuka et al., 2024; Yu et al., 2021; Zhai et al., 2021;
Zhou et al., 2023). The study of Xie et al. was excluded from the final analysis on icPFS because only
systemic PFS was reported. Patients treated with third-generation TKI plus radiotherapy experienced a
significantly longer icPFS, as compared with patients treated with third-generation TKI alone (HR 0.76,
95% CI 0.61-0.94; certainty of evidence: very low). Heterogeneity among the studies was low (12 =
0%). (Figures 4-5)

3.2 Secondary outcomes

Three studies (Zhai et al. 2021, Thomas et al., 2022 and Niu et al.,2024) reported data on icORR. In the
first study, the icORR was 38.1% in the osimertinib plus RT group and 42.5% in the osimertinib alone
group, but this difference was not statistically significant (P = 0.740). Among patients who received
osimertinib plus RT, 2 patients (9.5%) achieved a complete response of the intracranial metastases. In
the second study, the icORR was similar between the TKI alone and TKI+RT arms (73.1% vs 74.4%),
with no patients achieving a complete response. In the third study, the two groups experienced similar
iCORR (59.1% vs 61.9%) and intracranial disease control rate (88.6% vs 92.9%). Only four studies
(Zhou et al., 2024, Zhai et al., 2021, Niu et al., 2024 and Tozuka et al., 2024) described treatment
toxicities. In the study of Zhai et al., the rate of AE was 32.5% in the osimertinib alone group and 47.6%
in the osimertinib plus RT group. The rate of grade 3-4 (G3-4) adverse events was more than doubled
in the osimertinib plus RT group (19.0% vs 7.5%), but this difference was not statistically significant
(p =0.220). The most common G3-4 AEs in the combination group was leukoencephalopathy in 14.2%
of patients, but only patients treated with WBRT eventually experienced leukoencephalopathy. Niu et
al. and Tozuka et al. reported no significant difference in adverse reactions between the two groups. In
the study of Niu et al., more patients in the TKI + RT arm experienced leukoencephalopathy (16.5% vs
4.6%) and oral ulcer (14.3% vs 4.5%), while in the study of. Tozuka et al. only two patients had AEs
related to local treatment, including one case of radionecrosis. Zhou et al. reported similar TKI-related
AEs in both treatment arms (75% vs 73.5%). Also, they described AEs related to brain RT. The



incidence of AEs was higher in patients with multiple BMs as compared with patients with an
oligometastatic brain disease (51.3% vs 85.7%, P < 0.001). Also, patients with multiple brain metastases
experienced more frequently dizziness (31.9% vs 53.1%, P = 0.036), headache (27.7% vs 51.1%, P =
0.019), radiation dermatitis (17.0% vs 47.3%, P = 0.002) and neurocognitive dysfunction (32% vs
85.7%, P < 0.001). The incidence of grade 3-4 AEs was similar (2.1% vs 4.1%)

4. Discussion

To our knowledge, this is the first meta-analysis to evaluate the role of adding upfront brain radiotherapy
in patients with EGFR-mutated NSCLC and BMs treated with third-generation TKIs.

The introduction of osimertinib completely changed clinical practice due to its ability to overcome BBB
with an important improvement in icPFS as compared to first-generation TKIs. However, almost half
of the patients relapse at the 2-year landmark time point. (Ramalingam et al., 2020). Multiple
mechanisms of resistance to osimertinib have been identified, such as MET proto-oncogene
amplification, secondary EGFR mutations, and histologic transformation. As of today, chemotherapy
represents the preferred treatment option at the time of progression.

In this scenario, patients with BMs at diagnosis still represent a difficult-to-treat subgroup, leading to a
poorer prognosis and potentially affecting quality of life in the case of local progression. (Roper et al.,
2020).

Therefore, understanding the optimal timing of brain radiotherapy is crucial to improving patient
outcomes and maximizing osimertinib efficacy.

Our analysis included almost 900 patients with metastatic EGFR-mutated NSCLC and treated with
upfront SRS or WBRT in addition to a third-generation TKI, showing a statistically significant
improvement in terms of OS and icPFS, with a 44% decreased risk of death and a 24% decreased risk
of intracranial progression. This may reflect on one side the effective role of RT in treating a poor
prognostic disease site and, on the other, a negligible additive effect in reducing the risk of the
appearance of new BMs. Of note, in the combination arm, only a minority of patients were treated with
WBRT with an expected prophylactic effect. (Reungwetwattana et al., 2018; Wu et al., 2020). The
addictive effect of brain radiotherapy may also contribute to delaying cloning selection due to the drug
pressure, reducing the risk of rapid resistance and progression of the existing lesions at the beginning
of the systemic treatment.

However, our study has some limitations. First, all of the included studies are retrospective with the
intrinsic possibility of selection bias, possibly affecting treatment choice based on the CNS tumor
burden. In addition, studies where a minority of patients in the experimental arm underwent brain
surgery as local treatment were not excluded. However, less than 5% of patients received surgery as
local treatment. Second, all but one study was conducted in the Asian region, limiting the reproducibility
of these results in other populations. Third, since single patient-level data are lacking, we were unable
to control for covariates of interest, such as gender differences, presence of neurologic symptoms, type
of EGFR mutation, number of brain metastases, tumor burden, and specific radiotherapy protocols.
Finally, the heterogeneity of the studies included in the OS analysis was high, and for this reason, this
data should be interpreted with caution.

With these limitations, our findings support the use of upfront radiotherapy, although based on case-
by-case discussion, and confirm the pivotal importance of multidisciplinary management of these
patients. The certainty of evidence analysis of the two primary endpoints was classified as “very low”,
highlighting the difficulty of conducting studies in this field. Randomized clinical trials are needed to
confirm our findings and better define the subgroup of patients that could benefit the most from a
combination approach. A multicenter randomized phase Il trial evaluating osimertinib alone compared



to osimertinib plus SRS in patients with < 10 brain or brainstem metastases is ongoing and results are
expected in 2025 (NCT03769103).

A potential issue of combining different treatment regimens is the increased toxicity. Only four studies
reported data about toxicities and adverse events. (Zhou et al., 2024, Zhai et al., 2021 Niu et al. 2024
and Tozuka et al.,2024) Zhai et al. showed that the rate of G3-4 AEs was higher in the osimertinib plus
brain radiotherapy group, even if the difference was not statistically significant. Also, six cases of
leukoencephalopathy were registered, all in the WBRT plus osimertinib group. (Zhai et al., 2021)
Leukoencephalopathy was also reported by Niu et al., with a higher risk in the combination treatment,
even if the overall rate of adverse events was similar between treatment arms. Zhou et al. reported an
increased rate of AEs in patients with multiple brain metastases, suggesting a subgroup of patients at
higher risk. We should highlight that adverse events were underreported in the selected studies and for
this reason, a formal comparison was not feasible. Data from the literature are missing and mostly refer
to the safety of the combination between first- or second-generation EGFR-TKIs and RT, showing an
absent or modest increment of G3-4 AEs. (Jiang et al., 2016; Luo et al., 2015; Zhou et al., 2022).

In a systematic review by Hendriks et al. evaluating the combination of TKI with cranial radiotherapy
in ALK-rearranged or EGFR-mutated NSCLC patients, no cases of leukoencephalopathy were
mentioned. However, neurotoxicity such as brain radionecrosis was reported in the experimental arm.
(Hendriks et al., 2015), as with one patient in the study of Tozuka et al. Although conclusions cannot
be drawn, the safety profile is another crucial aspect that should be investigated in future prospective
clinical trials.

Systemic treatment for patients with metastatic EGFR-mutated NSCLC is continuously evolving and
new options for patients with brain metastases are emerging. In the phase 3 randomized FLAURA-2
trial, osimertinib + platinum—pemetrexed chemotherapy was shown to be superior to osimertinib alone,
with a maintained benefit even in the subgroup of patients with baseline brain metastases (24.9 vs 13.8
months; HR 0.47 (95% ClI, 0.33-0.66).

Preliminary data of the MARIPOSA trial showed that the combination of lazertinib and amivantamab
led to a benefit in mPFS also in the subgroup of patients with a history of BMs (18.3 vs 13.0 months;
HR 0.69, 95% CI 0.53-0.92) as compared to osimertinib single agent in first line. In the interim analysis,
the combination arm also trends favorably toward a benefit in OS in the overall population. (Cho et al.,
2023). However, 75% of patients experienced a grade >3 adverse event, with a more than doubled
discontinuation rate (35% vs 14%) in the combination arm.

In this changing landscape, osimertinib plus concomitant brain radiotherapy still represents a valid
option that deserves further evaluation and could be an interesting first-line approach, especially in
patients with comorbidities that could not be suitable for more intensive treatments.

5. Conclusion

In summary, this is the first meta-analysis showing an iPFS and OS benefit in patients with metastatic
EGFR-mutated NSCLC with BM treated with osimertinib and concomitant upfront brain radiotherapy,
showing a significant synergistic effect between the two treatments. Osimertinib and concomitant brain
radiotherapy may be a first-line treatment option for NSCLC patients with EGFR mutation and BMs at
diagnosis. Future clinical trials should confirm these results and explore whether certain subgroups may
benefit more from this approach.
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Figure 1 - Population, Intervention, Control, Outcomes (PICO) Structure for Study Selection.
NSCLC: non-small cell lung cancer; SRS: stereotactic radiosurgery; TKI: tyrosine-kinase inhibitors;
WBRT: whole brain radiotherapy

P Population EGFR-mutated NSCLC with brain metastases in all lines setting, candidate for
an EGFR TKI treatment.

[ Intervention Combination of osimertinib and SRS or/and WBRT

C Comparison osimertinib

©) Outcome(s) Progression free survival and Overall Survival

Figure 2 - Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA)
flowchart of the Selection Process.



m PRISMA 2009 Flow Diagram

=
=
_E Records identified through Additional records identified
= database searching through other sources
é {n = 1258} {n =0}
r r
P Racords after duplicates removed
{n=1229)

g
=
a
g
J
W

Records screened Records excluded

{n =1229) {n=1184)
= Full-text articles assessed N Records excluded:
a for eligibility T No study design (n=20)
%’ {n = 45) No data ofinterest
reported {n=10)
l No intervention {r=3)
No population {n=3)
Studies incdluded in
gualitative synthesis
{n=9)
-
[1F]
k-]
3 l
g
= Studies incduded in
quantitative syrthesis
{n=5}

Figure 3 — Overall survival in patients treated with tyrosine-kinase inhibitor plus radiotherapy
(TKI + RT) versus TKI alone (TKI).
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Figure 4 — Intracranial progression-free survival in patients treated with tyrosine-kinase inhibitor
plus radiotherapy (TKI + RT) versus TKI alone (TKI)

Hazard Ratio Hazard Ratio
Study or Subgroup log[Hazard Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI
FanYu 2021 -0.3147 0.878 1.6% 0.73 [0.13, 4.08]
Gu 2021 0.6575 1.0004 1.2% 1.93[0.27, 13.71]
Niu 2024 0 0.3435 10.3% 1.00 [0.51, 1.96] . B
Thomas 2021 -0.1985 0.3012 13.4% 0.82 [0.45, 1.48] e
Tozuka 2024 -1.0217 0.4467 6.1% 0.36 [0.15, 0.86] —_—
Zhao 2021 0.2311 1.1164 1.0% 1.26[0.14, 11.24]
Zhou 2024 -0.2877 0.1356 66.3% 0.75 [0.57, 0.98] . 5
Total (95% CI) 100.0% 0.76 [0.61, 0.94] L 2
Heterogeneity: Tau®? = 0.00; Chi® = 4.58, df = 6 (P = 0.60); I’ = 0% o .55 0:2 é
Test for overall effect: Z = 2.49 (P = 0.01) ’ .TKI + RT‘ TKI

Figure 5- Summary of Finding with certainty of evidence through GRADE methodology.



Summary of findings

RT + osimertinib vs osimertinib alone in EGFR-mutated NSCLC with brain metastases under treatmentin all lines setting

Patients or population: EGFR-mutated NSCLC with brain metastases under treatment in all lines setting, candidate for a EGFR TKI treatment.
Setting: outpatients

Intervention: RT + osimertinib

Comparison: osimertinib

Anticipated absolute effect (95%Cl)

Risk with RT + Ne of Certainty of
Risk with third third generation Relative effect partecipants evidence
generation TKI TKI (95%Cly (studies) (GRADE)
Overall survival NA .
followup: 14-40  NA (0_’;6" :-3_587) @ °:fj;‘i’:s“)°“a' G?IO |OO
months (interval) ery low
Progression free NA
survival NA HR0.76 {Tobsenational - O OO
follow up: 14- 40 0.6120.94) studies) Very low®

months (interval)

Cl: Confidence interval; HR: Hazard Ratio
NA: not available

Explanations

a. The certainty of evidence was downgraded for imprecision, due to wide confidence interval.
b. The certainty of evidence was downgraded for performance and detection bias due to study design.
¢. The certainty of evidence was downgraded for heterogeneity among the studies.

HR: hazard ratio; NA: not available; NSCLC: non-small cell lung cancer; RT: radiotherapy; TKI:
tyrosine-kinase inhibitor.

Table 1: Quality assessment of clinical trials performing Newcastle-Ottawa Scale (NOS)

Author Year | Selection Comparability | Outcome | Score
112345 6178
Xie et al. 2019 | * | *|*|* * 5
Zhai et al. 2021 | * [ * | x| x| ** * 7
Gu et al. 2021 | * [ * | * | x| ** * | * 8
Thomasetal. | 2021 | * | * | * | * | ** * * 18
Fan Yuetal. | 2021 | * | * | * | * | ** * * 18
Zhao et al. 2021 | * [ * | x| x| ** * 7
Zhou et al. 2024 | x| K| K| x| *F* * 8
Niu et al. 2024 | * | * | x| x| ** * * 18
Tozukaetal. | 2024 | * | * | * | * | ** * | * 8

Table 2 — Summary of main patient characteristics and primary outcome in the included
studies.



Study | Study | Line N. N. TKI | N.RT + | Media | N. brain | N.brain Median Median
design patien alone TKI n mts <=3 | mts <=3 icPFS OS TKI
ts arm arm follow TKI TKI + TKI alone vs
(SRS/S -up alone RT (%) alone vs RT + TKI
RT+TK | (mont (%) RT + TKI (months,
l, hs) (months, HR 95%
WBRT HR 95% Cl)
+TKI) Cl)
Zhai Retros | All 61 40 21 (2, 15.3 37.5% 38.1% 16.7 vs 26.1vs
et. pectiv 19) 13.5 29.2 (0.89,
2021 | e (1.26, 0.33-2.43)
0.14-
11.24)
Gu et Retros | First | 16 13 3 (NA, 40.0 NA NA (1.93, (0.03, 0-
al. pectiv NA) 0.27- 1169.67)
2021 | e 13.71)
Thom Retros | All 95 52 43 (34, 16.8 46.2% 27.9% 14.8 vs NA
as et pectiv 9) 20.5
al. e (0.82,
2021 0.45-1.48)
Xie et Retros | All 20 11 9(9,0) NA NA NA NA NR vs 16.2
al. pectiv (0.52, 0.30-
2019 | e 0,91)
Fan Yu | Retros | All 205 157 48 (24, 14 39.5% 43.2% 17.7 vs 24.5vs
etal. pectiv 24) 24.1 27.8 (0.88,
2021 e (0.73, 0.05-15.25)
0.13-4.08)
Zhao Retros | First | 80 56 24 (24 15.2 NA NA NA 26.7 vs
etal. pectiv *,0) 38.9(0.21,
2021 e 0.05-0.94)
Zhou Retro | First | 213 117 96 (NA, | 18.6 49% 41.9%
etal. specti NA) and 37.6 Vs 29.7 vs
2024 ve 16.4 36.2 21.8
(0.75,0.5 | (0.96,0.77
7-0.98) -1.20)
Niu et | Retro | First | 86 44 42 (14, | 17.0 36.4% 59.5%
al. specti 14) = 24vs 21 | 43vs. 28
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0.51- 0.17-0.76)
1.96)
Tozu Retro | First | 121 45 76 (32, 26.3 57% 29%
kaet | specti 7) ** NR vs NR vs
al. ve NR (0.36, | 31.2 (0.37,
2024
0.15- 0.16-0.86)
0.86)

HR: hazard ratio; icPFS: intracranial progression-free survival; NA: not available; OS: overall survival;
RT: radiotherapy; SRS: stereotactic radiosurgery; SRT: stereotactic radiotherapy; TKI: tyrosine-kinase
inhibitor; WBRT: whole-brain radiotherapy. * SRS or surgery. ** 14 patients received surgery. *** 1
patient received WBRT+SRS, 3 patients surgery; 2 patients SRS + surgery.



Highlights

The role of combining upfront brain radiotherapy upfront with a third-generation EGFR-TKI is not
well established.

Patients treated with combination therapy had an improvement in intracranial progression free
survival (HR 0.76; 95% CI 0.61-0.94) and overall survival (HR 0.56; 95% CI 0.36-0.87) with an
acceptable safety profile.

This treatment strategy deserves further studies in prospective trials.

Role of osimertinib plus brain radiotherapy versus osimertinib single therapy in EGFR mutated Non-Small-Cell Lung Cancer with brain
metastases: a meta-analysis and systematic review.
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safety. Osimertinib and c cnt brain radi v may be a first-line treatment option for EGFR+ NSCLC with brain metastases
at diagnosis, confirming (he key role of idisciplinary di: i nd case-hy to fully apply a personalised Protocol registrafion number
strategy. CRD42024469153.
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