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Simple Summary: Although it is known that anti-PD1/L1 monotherapy does not render significant
benefit in patients with EGFR-mutant lung adenocarcinoma, whether the addition of anti-PD1/L1
therapy to chemotherapy can enhance chemotherapy efficacy for TKI-refractory EGFR-mutant lung
adenocarcinoma patients is not clear. To address this question, we retrospectively analyzed a co-
hort of 178 EGFR-mutant lung adenocarcinoma patients who had progressed on EGFR TKIs and
received subsequent non-TKI systemic therapy to determine whether the addition of immunotherapy
to chemotherapy truly improves clinical outcomes. We found that the addition of anti-PD1 im-
munotherapy did not add benefit to the platinum-based chemotherapy at the time of TKI progression
for EGFR-mutant LUAD. Although underpowered, the anti-VEGF therapy demonstrated a trend
towards adding benefit. As ongoing clinical trials with newer agents or combinations demonstrate
preliminary efficacy in TKI-resistant EGFR-mutant LUAD patients, the ideal choice for post-TKI
treatment is still being evaluated.

Abstract: Background: The benefit of chemotherapy combined with immunotherapy in EGFR-mutant
lung adenocarcinoma (LUAD) patients whose tumor developed resistance to EGFR tyrosine kinase
inhibitors (TKIs) is not thoroughly investigated. The goal of this retrospective cohort study is to assess
the clinical efficiency of immunotherapy alone or in combination with chemotherapy in a real-world
setting. Methods: This retrospective cohort study enrolled LUAD patients with EGFR sensitive
mutations whose tumor had acquired resistance to EGFR TKIs and received systemic treatment
with chemotherapy (chemo; n = 84), chemotherapy combined with immunotherapy (chemoIO;
n = 30), chemotherapy plus bevacizumab with or without IO (withBev; n = 42), and IO monotherapy
(IO-mono; n = 22). Clinical progression-free survival (PFS) and overall survival (OS) were evaluated.
Associations of clinical characteristics with outcomes were assessed using univariable and multi-
covariate Cox Proportional Hazards regression models. Results: A total of 178 patients (median
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age = 63.3; 57.9% females) with a median follow-up time of 42.0 (Interquartile range: 22.9–67.8)
months were enrolled. There was no significant difference in PFS between chemoIO vs. chemo
groups (5.3 vs. 4.8 months, p = 0.8). Compared to the chemo group, patients who received withBev
therapy trended towards better PFS (6.1 months vs. 4.8; p = 0.3; HR 0.79; 95% CI: 0.52–1.20), while
patients treated with IO-mono had inferior PFS (2.2 months; p = 0.001; HR 2.22; 95% CI: 1.37–3.59).
Furthermore, PD-L1 level was not associated with PFS benefit in the chemoIO group. Patients with
EGFR-mutant LUAD with high PD-L1 (≥50%) had shorter PFS (5.8 months) than non-EGFR/ALK
LUAD patients who received chemoIO (12.8 months, p = 0.002; HR 0.22; 95% CI: 0.08–0.56) as first-
line treatment. Chemotherapy-based therapy rendered similar benefit to patients with either EGFR
exon19 deletion vs. L858R in the LUAD. Conclusions: This retrospective analysis revealed that
immunotherapy provided limited additional benefit to chemotherapy in TKI-refractory EGFR-mutant
LUAD. Chemotherapy alone or combined with bevacizumab remain good choices for patients with
actionable EGFR mutations.

Keywords: lung adenocarcinoma; EGFR; tyrosine kinase inhibitors; immunotherapy; chemotherapy

1. Introduction

Recent clinical studies have assessed the efficacy of combining immune checkpoint
inhibitor therapy with standard first-line treatment of patients with metastatic non-small
cell lung cancer (NSCLC). Specifically, chemoimmunotherapy has displayed a marked
improvement in clinical outcome in these NSCLC patients. In the Keynote-189 trial, patients
without sensitizing EGFR or ALK mutations were treated with pemetrexed and a platinum-
based drug in combination with pembrolizumab (anti-PD1) or a placebo. This study found
that the addition of anti-PD1 therapy improved both PFS from 4.9 months to 8.8 months
and ORR from 18.9% to 47.7% [1]. Thus, platinum/pemetrexed/pembrolizumab is now
widely used as the first-line therapy for patients with metastatic NSCLC without EGFR
mutation or ALK fusions.

However, for NSCLC patients with EGFR mutations, it is not clear whether the
addition of anti-PD1/L1 to chemotherapy as the initial treatment after TKI will render the
same magnitude of benefit. As a monotherapy, anti-PD1/L1 therapy had limited benefit
in EGFR-mutant NSCLC, with a response rate of less than 10% [2–5]. Even for patients
whose EGFR-mutant lung cancer expressed high PD-L1 (>50%), the response was inferior
to EGFR-wildtype high PD-L1 counterparts [6]. While the first-line treatment of choice
for patients with EGFR-mutant NSCLC is an EGFR TKI, most patients eventually develop
resistance to EGFR TKI therapy, making platinum-based chemotherapy the next line of
therapy. Historically, platinum doublet chemotherapy has provided EGFR-mutant patients
a PFS in the range of 5 months [1,7]. Most recently, one pooled analysis showed that
the addition of anti-PD1/L1 immunotherapy to chemotherapy did not render significant
additional benefit [8,9]. In contrast, Gadgeel et al. reported a median PFS of 8.3 months
in EGFR-mutant NSCLC patients with platinum/pemetrexed/pembrolizumab [10], out-
performing historical controls.

The vasculature architecture in the tumor microenvironment is a barrier constructed
during tumor development that prevents anti-cancer attacks. Vascular endothelial growth
factor (VEGF) is the major regulator in tumor angiogenesis. When combined with chemother-
apy, anti-VEGF antibodies can alleviate hypoxia and acidosis, which contribute to chemother-
apy resistance and improve outcomes of advanced NSCLC patients [11]. To date, two
anti-VEGF monoclonal antibodies, bevacizumab and ramucirumab, have been globally
approved for the treatment of NSCLC.

Furthermore, analysis of the Impower150 trial showed that EGFR-mutant NSCLC
patients treated with a regimen of anti-PD-L1 (atezolizumab), anti-VEGF (bevacizumab),
and carboplatin and paclitaxel had a PFS of over 10.2 months with response rate of 71% [12].
Final analysis from recently updated results of this trial continued to show an increase in
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OS benefit, notably in the patients treated with atezolizumab/bevacizumab/carboplatin/
paclitaxel who had a sensitizing EGFR mutation with previous EGFR TKI failure [13].
Additionally, these patients had reduced risk of brain metastases development. Due to
the limited sample size in this exploratory analysis, Nogami et al. and others have urged
that the current findings be interpreted with caution pending findings from larger future
clinical studies [13,14].

In our study, we sought to investigate whether the addition of anti-PD1/L1 to
chemotherapy is beneficial for TKI-refractory EGFR-mutant NSCLC patients, what the
potential contribution of the addition of anti-VEGF to chemotherapy is, and what the
clinical features to predict clinical outcomes are. We performed a single-center retrospective
analysis evaluating clinical outcomes of a cohort of 178 patients with EGFR-mutant lung
adenocarcinoma (LUAD) post-EGFR TKI systemic therapy in patients who were treated at
MD Anderson Cancer Center.

2. Materials and Methods
2.1. Study Population

The GEMINI-Moonshot Database collects information from lung cancer patients
treated at the MD Anderson Cancer Center (MDACC), including demographics, cancer at
diagnosis, treatment, molecular profiles, and outcomes. We queried GEMINI to identify
patients with metastatic EGFR-mutant NSCLC who had progressed on EGFR TKIs and
received subsequent non-TKI systemic therapy, from March 2014 to March 2021. All avail-
able clinical information was collected from electronic medical records. The data collection
was performed under MDACC IRB-approved protocol PA13-0589. Review and validation
were completed manually by investigators. Inclusion criteria for this retrospective cohort
study include: (1) EGFR actionable mutation; (2) metastatic adenocarcinoma (LUAD);
(3) progressed on EGFR-TKI; (4) more than one cycle of non-TKI systemic therapy after
TKI treatment; (5) adequate clinical outcome data for analysis (Figure S1). Patients who
maintained EGFR-TKI with post-TKI systemic treatment were not included in this study.
This study was approved by the institutional review board at MDACC, and all patients
provided written informed consent.

2.2. PD-L1 Expression and Genomic Profiling

The expression of PD-L1 was determined immunohistochemically using 22C3 phar-
mDx and quantified as tumor proportion score (TPS) at MDACC Molecular Diagnostics
Laboratory. The molecular data were collected through pathology reports. Next-generation
sequencing was used to determine the gene alterations of EGFR and TP53 in tumor tissue
DNA (at MDACC Molecular Diagnostics Laboratory, Houston, TX, US or FoundationOne—
Foundation Medicine Inc., Cambridge, MA, US) or circulating tumor DNA (HP MD Liquid
Biopsy panel—70 or Guardant360 panel—Guardant Health Inc., Redwood City, CA, USA).

2.3. Statistical Analysis

The index year/date was defined as the starting year/date of subsequent non-TKI
systemic treatment after progression on EGFR-TKI. Time-to-event outcomes used in this
study were based on this date. Clinical progression-free survival (PFS) was calculated from
the index date to disease progression by the physician’s judgment, or death, whichever
occurred first. Overall survival (OS) was defined as the time from the index date to death
from any cause. Patients alive or the absence of disease progression at last follow-up
were censored for analyses. PFS and OS were estimated by the Kaplan–Meier method.
Univariate and multicovariate Cox proportional hazards (PH) models were applied to
further evaluate the association of covariates with survival outcomes. The PH assumption
was checked using cox.zph function of the survival package in R. Survival rates at 6 and
12 months were expressed using descriptive statistics as proportions and compared by
chi-squared test. All statistical analyses were performed on RStudio (version 2 September
2021), and p < 0.05 was considered statistically significant.
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3. Results
3.1. Patient Population and Characteristics

We identified 732 NSCLC patients harboring EGFR mutation. Of these, 178 patients
met the inclusion criteria and were eligible for this analysis (Figure S1). The clinical charac-
teristics of study subjects were summarized in Table 1. All 178 patients were progressed on
EGFR-TKI and treated with subsequent systemic non-TKI therapy. After TKI systemic ther-
apy includes chemotherapy (chemo; n = 84), chemotherapy with immunotherapy (chemoIO;
n = 30), chemotherapy plus bevacizumab with IO (chemoBevIO; n = 11) or without IO
(chemoBev; n = 31), and IO monotherapy (IO-mono; n = 22) (Table 1). Immunotherapy
was a new standard of care choice since 2014 and was incorporated with chemotherapy
starting from 2017 (Figure S2). The median age at the time of systemic therapy after TKI was
63.3 (range: 27.4–83.3) years, 103 (57.9%) were female, and 102 (57.3%) were white patients.
The median follow-up time was 42.0 (Interquartile range: 22.9–67.8) months. Total number
of deaths from any cause during this period was 127 (71.3%).

Table 1. Characteristics of EGFR-mutant lung adenocarcinoma patients treated with non-TKI systemic
therapy after TKI (n = 178).

Clinical Characteristic Total (178) Chemo (84) ChemoIO (30) ChemoBev (31) ChemoBevIO
(11) IO-mono (22)

Age at chemo started

≤65 101 (56.7) 43 (51.2) 14 (46.7) 23 (74.2) 9 (81.8) 12 (54.5)

>65 77 (43.3) 41 (48.8) 16 (53.3) 8 (25.8) 2 (18.2) 10 (45.5)

Gender

Male 75 (42.1) 35 (41.7) 11 (36.7) 13 (41.9) 2 (18.2) 14 (63.6)

Female 103 (57.9) 49 (58.3) 19 (63.3) 18 (58.1) 9 (81.8) 8 (36.4)

Race/ethnicity

Asian 42 (23.6) 22 (26.2) 10 (33.3) 7 (22.6) 3 (27.3) 0

Black 17 (9.6) 9 (10.7) 2 (6.7) 2 (6.5) 0 4 (18.2)

Hispanic/Latino 17 (9.6) 8 (9.5) 3 (10) 3 (9.7) 0 3 (13.6)

White 102 (57.3) 45 (53.6) 15(50) 19 (61.3) 8 (72.7) 15 (68.2)

Smoking

Never 120 (67.4) 55 (65.5) 21 (70) 24 (77.4) 8 (72.7) 12 (54.5)

Formal/current 58 (32.6) 29 (34.5) 9 (30) 7 (22.6) 3 (27.3) 10 (45.5)

ECOG

0–1 116 (65.2) 48 (57.1) 19 (63.3) 23 (74.2) 11 15 (68.2)

2–3 32 (18) 18 (21.4) 6 (20) 3 (9.7) 0 5 (22.7)

Unknown 30 (16.9) 18 (21.4) 5(16.7) 5 (16.1) 0 2 (9.1)

Metastasis site

Brain 83 (46.6) 42 (50) 13 (43.3) 16 (51.6) 3 (27.3) 9(40.9)

Bone 109 (61.2) 50 (59.5) 19 (63.3) 19 (61.3) 7 (63.6) 14 (63.6)

Liver 47 (26.4) 19 (22.6) 10 (33.3) 11 (35.5) 0 7 (31.8)

No of prior TKI therapy

1 108 (60.7) 60 (71.4) 9 (30) 23 (74.2) 7 (63.6) 9 (40.9)

>1 70 (39.3) 24 (28.6) 21 (70) 8 (25.8) 4 (36.4) 13 (59.1)
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Table 1. Cont.

Clinical Characteristic Total (178) Chemo (84) ChemoIO (30) ChemoBev (31) ChemoBevIO
(11) IO-mono (22)

Osimertinib first line

Yes 30 (16.9) 5 (6) 8 (26.7) 8 (25.8) 8 (72.7) 1 (4.5)

No 148 (83.1) 79 (94) 22 (73.3) 23 (74.2) 3 (27.3) 21 (95.5)

EGFR

ex19DEL 108 (60.7) 50 (59.5) 17 (56.7) 21 (67.7) 7 (63.6) 13 (59.1)

L858R 52 (29.2) 25 (29.8) 11 (36.7) 7 (22.6) 4 (36.4) 5 (22.7)

others 18 (10.1) 9 (10.7) 2 (6.7) 3 (9.7) 0 4 (18.2)

TP53

Wild type 39 (21.9) 20 (23.8) 5 (16.7) 6 (19.4) 2 (18.2) 6 (27.3)

Mutated 115 (64.6) 50 (59.5) 21 (70) 22 (71) 8 (72.7) 14 (63.6)

Unknown 24 (13.5) 14 (16.7) 4 (13.3) 3 (9.7) 1 (9.1) 2 (9.1)

PD-L1

Negative 30 (16.9) 18 (21.4) 6 (20) 3 (9.7) 2 (18.2) 1 (4.5)

Low 37 (20.8) 10 (11.9) 11(36.7) 8 (25.8) 5 (45.5) 3 (13.6)

High 18 (10.1) 5 (6) 4 (13.3) 3 (9.7) 2 (18.2) 4 (18.2)

Unknown 93 (52.2) 51 (60.7) 9 (30) 17 (54.8) 2 (18.2) 14 (63.6)

Abbreviations: Chemo, chemotherapy; ChemoIO, chemotherapy with immunotherapy; ChemoBev, chemotherapy
plus bevacizumab without immunotherapy; ChemoBevIO, chemotherapy plus bevacizumab with immunotherapy;
IO-mono, IO monotherapy; ex19DEL, exon 19 deletion.

3.2. Limited Benefit from the Addition of Immunotherapy to Chemotherapy

A total of 63 patients were treated with immunotherapy alone or combined with
chemotherapy, including 30 cases with chemoIO, 11 chemoBevIO, and 22 IO-mono. Most
(76%) patients received anti-PD1-antibodies (pembrolizumab n = 39, nivolumab n = 9),
while fewer patients (24%) received anti-PD-L1-antibodies (atezolizumab n = 12, durval-
umab n = 3). The median PFS for chemoIO was 5.3 months (95% CI 4.47–7.97), compared
to mPFS of 4.8 months (95% CI 3.63–6.30) with chemotherapy only, which showed no
significant difference (p = 0.8, Figure 1A). When chemotherapy was used as the comparator,
IO-mono was inferior (HR 2.22, p = 0.001), whereas chemoIO (HR 0.93, p = 0.8) or withBev
(HR 0.79, p = 0.3) showed no statistical significance (Figure 1A). Overall survival (OS)
showed no difference in all treatment groups, but the median OS was 14.9 (chemoIO) vs.
18.7 months (chemo, p = 0.2, Figure 1B), suggesting a trend toward chemoIO group being
inferior to chemotherapy only. The clinical outcomes between chemoBev with IO and
without IO showed no difference, acknowledging the small sample size (Figure S3).

The PFS rate at 6 months after starting post-TKI systemic therapy did not differ
between chemo and chemoIO (39.8% [95% CI: 30.4–52.0%] vs. 43.3% [95% CI: 28.8–65.2%];
p = 0.6) nor at 12 months (11.6% [95% CI: 6.3–21.3%] vs. 13.3% [95% CI: 5.3–33.2%]; p = 0.4)
(Figure 1A). Similarly, the difference of OS rate at 6 months was not statistically significant
between chemo and chemoIO (87.8% [95% CI: 81.0–95.2%] vs. 82.7% [95% CI: 69.9–97.7%];
p = 0.4) nor at 12 months (64.0% [95% CI: 54.3–75.4%] vs. 62.3% [95% CI: 46.2–84.1%];
p = 0.7) (Figure 1B).
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Figure 1. Clinical outcomes in TKI-refractory EGFR-mutant lung adenocarcinoma patients treated
with subsequent regimen, including chemotherapy alone (chemo), chemotherapy combined with
immunotherapy (chemoIO), chemotherapy plus bevacizumab with or without immunotherapy (with-
Bev), and immunotherapy alone (IO). (A) Progression-free survival (PFS); (B) overall survival (OS).

3.3. Inferior Response in High-PD-L1 EGFR-Mutant LUAD Compared to EGFR-Wildtype LUAD

For the 30 patients who received chemoIO (with or without Bev) with available PD-L1
status, we stratified PFS by PD-L1 expression levels: <1% (negative, n = 8), 1–49% (low,
n = 16), ≥50% (high, n = 6). The mPFS was 4.6, 5.4, and 5.8 months respectively
(Figure 2A), with no difference among the groups (p = 0.76). In the same database of
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GEMINI, we also identified patients whose tumor did not have EGFR mutation or ALK
fusion (non-EGFR/ALK) and received first-line chemoIO therapy for their metastatic
LUAD (n = 267); mPFS was 6.5 months in PD-L1 negative group, 8.6 months in PD-L1
low group, and 12.8 months in the high group, respectively (Figure 2B). Although with
small sample size, there was a striking PFS difference between EGFR-mutant vs. non-
EGFR/ALK patients, especially in the high PD-L1 (≥ 50%) groups (5.8 vs. 12.8 months,
p = 0.002, Figure 2C), indicating EGFR is a strong predictor of the lack of benefit in adding
immunotherapy to chemotherapy, even in the high PD-L1 cases. In the negative-to-low
PD-L1 groups, the difference was not as pronounced, although still significant (5.1 vs. 7.3
months, p = 0.014, Figure 2D). The prolongation of mPFS in the non-EGFR/ALK group
could be related to the fact that EGFR-mutant lung cancer patients had prior targeted ther-
apy and therefore, worse performance status and more tumor burden at start of chemoIO
therapy. Similar trend was observed in OS between subgroups, although the differences
were not significant (Figure S4).
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Figure 2. Progression-free survival (PFS) in lung adenocarcinoma patients with EGFR mutant (EGFR-
mut) or EGFR wild type (EGFR-wt) who received chemotherapy-based immunotherapy as first-line.
(A) PFS in EGFR-mutant patients stratified by PD-L1 level; (B) PFS in EGFR-wt patients stratified by
PD-L1 level; (C) PFS in patients with high PD-L1 (TPS = 50–100%) between EGFR-mut and EGFR-wt;
(D) PFS in patients with low or negative (TPS = 0–49%) PD-L1 level between EGFR-mut and EGFR-wt.
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3.4. Chemotherapy-Based Therapy Rendered Similar Benefit Regardless of EGFR or TP53
Mutation Patterns

It is known that EGFR Ex19Del responds to EGFR TKI better than L858R. In a prior
analysis from GEMINI cohort, we have reported PFS with osimertinib to be 16.9 months in
Ex19Del and 13.0 months in L858R, which was significantly different (HR 0.67 p = 0.005) [15].
In FLAURA trial with osimertinib used as the first-line treatment, the difference between
two types of mutations was 7 months, with PFS of 21.4 months in Ex19Del and 14.4 in L858R
group [16]. To understand whether there was a differential outcome with chemotherapy-
based treatments in those two groups, we evaluated PFS and OS in Ex19Del (n = 95, 60.9%),
L858R (n = 47, 30.1%), and other mutation (exon 20ins/G719X/T790M/L861Q) groups. No
difference in PFS and OS was detected: the PFS for Ex19Del was 5.4 months (n = 95), L858R
at 5.0 months (n = 47), and other mutations at 4.6 months (n = 14) (Figure S5A); the OS
for Ex19Del was 19.7 months, L858R at 15.5 months, and other mutations at 18.9 months
(n = 14) (Figure S5B).

Co-occurring mutation of TP53 was evaluated in the cohort with chemotherapy-based
treatment (n = 156). Among this cohort, we found no significant difference in median PFS
between TP53 mutation (n = 101) and TP53 wild type (n = 33), with 5.3 vs. 4.6 months (HR,
0.75; 95% CI, 0.49–1.15; p = 0.2, Figure S5C), and the median OS was 15.7 vs. 21.2 months
(HR, 0.80; 95% CI, 0.50–1.26; p = 0.3; Figure S5D).

3.5. Liver Metastasis and Black Racial/Ethnic Group Predict the Worst Clinical Outcome

Last, we performed multicovariate analysis to identify high-risk patient groups. Co-
variates used for adjustment in the Cox regression model include age, gender, tobacco use,
race, if only one type of TKI used, if the first line was osimertinib, the treatment strategy
of the non-TKI systemic therapy, with or without liver metastases, with or without brain
metastases, with or without bone metastases (Table 2). On multicovariate Cox regression
(Table 2) for PFS among patients with chemotherapy-based treatment (n = 156), the fol-
lowing factors were significantly associated with an increased risk of progression: with
liver metastasis (vs. without; 40 vs. 116; HR, 1.87; 95% CI: 1.17–2.99; p = 0.009), with brain
metastasis (vs. without; 74 vs. 82; HR, 1.55; 95% CI: 1.05–2.3; p = 0.029). Liver metas-
tasis at the time of chemotherapy-based treatment initiation was found in 22.6% (19) of
84 patients in the chemo group, 33.3% (10 out of 30 patients) in the chemoIO group, and
35.5% (11 out of 31 patients) in the chemoBev group (Table 1). Among the total cohort
(n = 178), the first line of TKIs received included erlotinib (123 [69.1%]), osimertinib
(30 [16.9%]), afatinib (13 [7.3%]), and gefitinib (12 [6.7%]). No statistical significance
of clinical outcome on chemotherapy-based treatment was observed between patients
with osimertinib and other generations as first line TKI. Receiving only one line of TKI
therapy (oneTKIprior, n = 99) indicated a significantly decreased risk of progression on
chemotherapy-based treatment vs. more than one prior TKI (n = 57; HR, 0.58;
95% CI: 0.37–0.92; p = 0.02). For OS among patients with chemotherapy-based treatment,
the following factors were significantly associated with an increased all-cause mortality:
age > 65 years old (vs. ≤ 65; 67 vs. 89; HR, 1.67; 95% CI: 1.1–2.55; p = 0.016), Black
racial/ethnic group (vs. Asian group; 13 vs. 42; HR, 2.98; 95% CI: 1.34–6.62; p = 0.007), and
with liver metastasis (vs. without; 40 vs. 116; HR, 1.9; 95% CI: 1.14–3.17; p = 0.014). No
significant deviation of the PH assumption was noted.
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Table 2. Univariate and multicovariate Cox regression for progression-free survival (PFS) and overall
survival (OS) among the chemotherapy-based treatment cohort (n = 156).

Parameters PFS OS

Unadjusted Hazard
Ratio (95% CI)

Adjusted
Hazard Ratio

(95% CI)

Adjusted
p-Value

Unadjusted Hazard
Ratio (95% CI)

Adjusted
Hazard Ratio

(95% CI)

Adjusted
p-Value

Age at chemo started

≤65 1 (Reference) 1 (Reference)

>65 1.08 (0.77–1.51) 1.13 (0.75–1.69) 0.558 1.64 (1.12–2.39) 1.67 (1.1–2.55) 0.016

Gender

Female 1 (Reference) 1 (Reference)

Male 0.90 (0.64–1.27) 1.03 (0.69–1.53) 0.898 0.94 (0.65–1.38) 1.13 (0.79–1.89) 0.358

Tobacco use

Current/former 1 (Reference) 1 (Reference)

Never 0.88 (0.61–1.26) 0.88 (0.59–1.31) 0.525 0.83 (0.56–1.25) 0.90 (0.58–1.39) 0.634

Race

Asian 1 (Reference) 1 (Reference)

White 1.09 (0.73–1.62) 0.85 (0.55–1.32) 0.463 1.35 (0.86–2.11) 1.20 (0.75–1.94) 0.442

Black 1.3 (0.67–2.52) 0.97 (0.47–2.00) 0.924 2.83 (1.36–5.88) 2.98 (1.34–6.62) 0.007

Hispanic/Latino 1.13 (0.61–2.51) 0.93 (0.48–1.78) 0.817 0.79 (0.38–1.62) 0.92 (0.43–1.98) 0.839

OneTKIprior *

No 1 (Reference) 1 (Reference)

Yes 0.73 (0.51–1.03) 0.58 (0.37–0.92) 0.020 0.70 (0.47–1.05) 0.67 (0.40–1.12) 0.128

Osimertinib first line

No 1 (Reference) 1 (Reference)

Yes 0.89 (0.56–1.41) 1.11 (0.62–1.96) 0.729 1.14 (0.66–1.95) 1.16 (0.59–2.26) 0.669

After_TKI

Chemo only 1 (Reference) 1 (Reference)

ChemoIO 0.93 (0.60–1.43) 0.67 (0.40–1.14) 0.141 1.46 (0.87–2.43) 1.10 (0.59–2.05) 0.754

ChemoBev 0.80 (0.50–1.29) 0.78 (0.46–1.31) 0.349 0.97 (0.58–1.63) 1.14 (0.65–1.99) 0.651

ChemoBevIO 0.76 (0.38–1.51) 0.85 (0.36–1.96) 0.696 1.13 (0.48–2.64) 1.57 (0.57–4.3) 0.381

Liver metastasis

No 1 (Reference) 1 (Reference)

Yes 1.87 (1.26–2.78) 1.87 (1.17–2.99) 0.009 2.06 (1.34–3.19) 1.9 (1.14–3.17) 0.014

Brain metastasis

No 1 (Reference) 1 (Reference)

Yes 1.61 (1.14–2.28) 1.55 (1.05–2.30) 0.029 1.32 (0.91–1.93) 1.28 (0.83–1.97) 0.264

Bone metastasis

No 1 (Reference) 1 (Reference)

Yes 1.28 (0.91–1.81) 1.09 (0.74–1.59) 0.667 1.90 (1.26–2.87) 1.47 (0.93–2.31) 0.099

* Whether patient was progressed on one type of EGFR-TKI before starting subsequent systemic non-TKI treat-
ment.
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4. Discussion

This retrospective study evaluated the efficacy of adding anti-PD1/L1 or anti-VEGF
therapy to platinum-based chemotherapy in EGFR-TKI-resistant EGFR-mutant adenocarci-
noma patients in a single center and real-world setting. We found that immunotherapy adds
very limited benefit in terms of PFS and OS to platinum-based doublet. When stratified
by PD-L1 levels, even patients with high PD-L1 expression (TPS 50–100%) did not derive
as much benefit from chemoIO therapy in EGFR-mutant lung cancers, which is especially
disappointing when compared to high PDL1 EGFR-wildtype tumors. This supports the
possibility that EGFR mutation itself is a strong biomarker for not responding to chemoIO
therapy.

The addition of anti-VEGF therapy showed a trend toward potential benefit compared
with chemotherapy only (mPFS, 6.1 vs. 4.8 months, p = 0.3). A similar observation was
also reported by White et al. in a retrospective analysis cohort [7]. VEGF expression can
be upregulated in EGFR-mutant lung cancers, which is the underlying mechanism for
enhancing the sensitivity of EGFR-mutant patients to bevacizumab or ramucirumab [17].
A number of clinical trials have demonstrated the benefit of anti-VEGF/EGFR double
blockade, and ramucirumab–erlotinib combination has been approved by FDA for use for
EGFR-mutant NSCLC. Along with chemotherapy, it is possible that anti-VEGF has a role to
play in EGFR/VEGF signaling suppression.

The intriguing benefit of adding both anti-VEGF and anti-PD1/L1 to chemotherapy
warrants further investigation. Anti-VEGF therapy can modulate the tumor immune
microenvironment, as VEGF is an immune suppressive cytokine pathway. The combi-
nation of anti-VEGF and anti-PD1 therapy has shown promising efficacy both in the
preclinical models and clinical trials [18]. When ramucirumab and pembrolizumab were
combined, the ORR was 30% (95%CI 13.8–50.2) in a cohort of previously treated non-small
cell lung cancer patients, preliminarily suggestive of benefit [19]. Furthermore, evidence
from the use of VEGFR2 spectrum multi-targeting TKI sitravatinib in combination with
nivolumab in the lung cancer patients who developed resistance to anti-PD1 therapy also
indicates immune-modulation effect from VEGF targeting [20]. IMpower150 evaluated
the efficacy of treatment combining IO, anti-VEGF, and chemotherapy in patients with
progressed NSCLC [21]. An improvement in OS was distinguished in patients harboring
EGFR mutations with the chemoBevIO group compared with the chemoBev (HR 0.31,
95% CI: 0.11–0.83). In the current cohort, the sample size of chemoBevIO is too small for
comparison (n = 11).

In our cohort, liver metastasis is an independent risk factor for both PFS and OS with
stronger HR than patients with CNS metastasis. Preclinical models have showed that the
efficacy of immunotherapy was restrained in patients with liver metastasis by eliminating
the amount of macrophage-mediated T cells [22]. Interestingly, in IMpower150 trial, the
addition of atezolizumab and bevacizumab to the platinum–taxanes was beneficial to the
patients with liver metastases [21]. However, immunotherapy alone or in combination
with chemotherapy has shown minimal therapeutic benefit in this subgroup [23,24]. No
clinical improvement was observed in the subgroup with liver metastases in IMpower130,
indicating that the addition of anti-VEGF to the chemoIO may reverse the tissue-specific
immunoregulation by EGFR mutation or liver metastases and is important in these patient
subgroups. Based on the available data, the combined regimen might be the best option
to be considered as the next-line treatment for patients with EGFR-mutation and liver
metastases disease.

The mortality in patients with Black ethnicity is the highest among all racial/ethnic
groups for most cancers [25]. No significant differences were found in clinically actionable
genomic alterations between black and white populations with LUAD [26]. However,
differences in access and quality of care likely contribute to the racial disparities. Although
with limited sample size, black ethnicity (n = 11) is an independent risk factor of overall
survival in the current cohort, although no significant difference was observed for PFS.
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Our study was limited by the nature of a single-center retrospective cohort analysis;
for example, PD-L1 results were only available in a limited number of patients. A larger
multi-institutional collaboration is required to better understand the practice pattern and
expand the sample size to further elucidate key questions raised here, including the benefit
of anti-VEGF therapy, the optimal choice of therapy for patients with liver metastasis,
and the mortality disparity in certain patient ethnic groups. Furthermore, although a Cox
regression model was used to adjust for available characteristics, all possible confounding
factors could not be controlled, such as comorbidities and changes in the standard care over
years, which may impact outcomes. Ongoing trials are investigating immunotherapy with
pemetrexed/platinum +/- bevacizumab on NSCLC patients with EGFR mutations after pro-
gression on EGFR-TKIs (the Keynote789 study [ClinicalTrials.gov number, NCT03515837],
the CheckMate722 study [ClinicalTrials.gov number, NCT02864251], the TH-138 study
[ClinicalTrials.gov number, NCT03786692]). These perspective studies will provide more
data to make this point clearer.

5. Conclusions

We found that the addition of anti-PD1 immunotherapy did not add benefit to
platinum-based chemotherapy at the time of TKI progression for EGFR-mutant LUAD.
Although underpowered, the anti-VEGF therapy demonstrated a trend towards adding
benefit. As clinical trials with newer agents or combinations demonstrate preliminary
efficacy in TKI-resistant EGFR-mutant LUAD patients are ongoing, the ideal choice for
post-TKI treatment is still being evaluated.
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