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Abstract.
BACKGROUND: Patients with non-small cell lung cancer (NSCLC) and stable disease (SD) have an unmet clinical need
to help guide early treatment adjustments.
OBJECTIVE: To evaluate the potential of tumor biomarkers to inform on survival outcomes in NSCLC SD patients.
METHODS: This post hoc analysis included 480 patients from the IMpower150 study with metastatic NSCLC, treated
with chemotherapy, atezolizumab and bevacizumab combinations, who had SD at first CT scan (post-treatment initiation).
Patients were stratified into high- and low-risk groups (overall survival [OS] and progression-free survival [PFS] outcomes)
based on serum tumor biomarker levels.
RESULTS: The CYFRA 21-1 and CA 125 biomarker combination predicted OS and PFS in patients with SD. Risk of
death was ∼4-fold higher for the biomarker-stratified high-risk versus low-risk SD patients (hazard ratio [HR] 3.80; 95%
confidence interval [CI] 3.02–4.78; p < 0.0001). OS in patients with the low- and high-risk SD was comparable to that in
patients with the CT-defined partial response (PR; HR 1.10; 95% CI 0.898–1.34) and progressive disease (PD) (HR 1.05;
95% CI 0.621–1.77), respectively. The findings were similar with PFS, and consistent across treatment arms.
CONCLUSIONS: Biomarker testing shows potential for providing prognostic information to help direct treatment in NSCLC
patients with SD. Prospective clinical studies are warranted.

ClinicalTrials.gov: NCT02366143
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1. Introduction

Non-small cell lung cancer (NSCLC) accounts for approximately 85% of all lung cancers, and
is a major cause of mortality worldwide [1]. The treatment paradigm for NSCLC has evolved
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in recent years due to the availability of biomarkers that enable the selection of individualized
treatment regimens [2]. For example, tyrosine kinase inhibitors (TKIs) of epidermal growth factor
receptor (EGFR), anaplastic lymphoma kinase (ALK), BRAF V600E, c-ros oncogene 1 (ROS1),
neurotrophic tyrosine receptor kinase (NTRK) 1/2/3, RET, MET and KRAS have been shown to
improve survival and are recommended for patients with advanced or metastatic NSCLC with the
respective oncogenic driver alterations [3–6]. Immune-checkpoint inhibitors, either as monother-
apy or in combination with chemotherapy and/or anti-angiogenic monoclonal antibodies, have also
elicited significant improvements in survival rates and are widely available for patients with metastatic
NSCLC [3, 4].

Imaging techniques, such as computed tomography (CT), are the methods of choice for evaluating
tumor burden and monitoring response to treatment in NSCLC. However, advances in lung cancer
treatment, including molecular targeted therapy directed at specific genomic mutations, necessitates a
parallel evolution of the approaches used to assess treatment response [7, 8]. Conventional criteria used
to assess tumor response to therapy, including Response Evaluation Criteria in Solid Tumors (RECIST),
were initially designed to characterize responses to chemotherapy regimens, and may be inadequate
to fully assess responses in patients receiving specific targeted therapies. With the arrival of treatments
such as immunotherapy leading to more complex treatment responses [9], and with greater knowledge
of the molecular determinants of cancer, tumor shrinkage is no longer the only indicator of disease
response [10]. Pseudoprogression, described as an initial increase in tumor size or the appearance of
new lesions, followed by tumor regression, has been described with immune-checkpoint inhibitors
and may be caused by tumor-infiltrating lymphocytes [10, 11]. CT assessment relies solely on tumor
size and does not take into account cellular events such as apoptosis, inhibition of proliferation or
cell cycle arrest, which can limit the utility of imaging alone for directing treatment decisions [11].
Evidence has also shown that measurement of tumor size by CT is subject to considerable inter-
observer variability [12, 13]. In this context, the assessment of tumor biomarkers – with time efficient
and readily available tests that are already routinely used in a variety of tumor types – may be of value
to complement imaging modalities and provide additional information in the clinical evaluation of
tumor response and/or survival benefit [14]. However, their use in lung cancer has not yet been firmly
established.

In addition to roles in diagnosis and treatment response, tumor biomarkers may also have poten-
tial prognostic value. Here, we evaluated the prognostic significance of a number of serum tumor
biomarkers and their combinations in patients with NSCLC, to determine if they could be applied
as early surrogates of overall survival (OS) or progression-free survival (PFS). Based on their use or
prior assessment in lung cancer monitoring, 10 serum tumor biomarkers were selected for evaluation
– Carbohydrate antigen (CA) 125 (CA 125), CA 15-3, CA 19-9, carcinoembryonic antigen (CEA),
cytokeratin 19 fragment 21-1 (CYFRA 21-1), human epididymis protein 4 (HE4), neuron specific
enolase (NSE), squamous cell carcinoma antigen (SCC), progastrin-releasing peptide (ProGRP) and
c-reactive protein (CRP). CA 125, a member of the mucin family glycoproteins, plays a role in tumor
proliferation and has been shown to correlate with poorer prognosis in NSCLC [15–17]. CA 15-3, a
biomarker predominantly used for monitoring of breast cancer, has been reported to be involved in lung
cancer prediction and correlates with lung adenocarcinoma primary tissue and metastasis [18, 19]. CA
19-9 has previously been identified as a prognostic marker in patients with advanced lung adenocar-
cinoma, either independently or in combination with CYFRA 21-1 [20]. CYFRA 21-1 (abundant in
the pulmonary tissue) and CEA (a serum glycoprotein), have been considered potential biomarkers in
differential diagnosis of NSCLC [21], and a meta-analysis found high clinical utility of both markers
for assessing treatment response in NSCLC [22]. HE4, encoded by the WAP 4-disulfilde core domain
2 (WFDC2) gene, is expressed in the respiratory tract and has been associated with worse prognosis
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in adenocarcinomas [23–25]. NSE, SCC and ProGRP, alone and in combination with other biomark-
ers, have been extensively researched in the diagnosis and monitoring of lung cancer [17, 26–28].
Finally, elevated CRP (a non-specific marker of inflammation and immune activation), is associated
with adverse disease outcomes in NSCLC [29–31]

In this analysis, we utilized samples from patients with non-squamous NSCLC from the Phase
III IMpower150 trial (NCT02366143), which evaluated three different treatment regimens [32]. This
study led to the approval of atezolizumab with bevacizumab, paclitaxel, and carboplatin for the first-line
treatment of patients with metastatic non-squamous NSCLC with no EGFR or ALK genomic tumor
aberrations [33]. We evaluated whether any of the selected biomarkers and biomarker combinations
could provide additional information on survival outcomes (OS and PFS) in patients with stable disease
(SD; determined by RECIST v1.1) after two treatment cycles. We focussed on patients with SD due to
their unmet clinical need, as SD in response to immunotherapy is common in patients with NSCLC,
and the prognosis of this patient population varies greatly due to the complexity of SD [9, 34, 35]. The
analysis evaluated potential early surrogates in order to help further risk stratification in patients with
RECIST-determined SD and assist with treatment decision-making.

2. Materials and methods

2.1. Study population

In this retrospective exploratory analysis, stored samples from participants enrolled in the Phase
III IMpower150 study (NCT02366143) were assessed. Full methodological details of this study have
been described previously [32].

IMpower150 included patients with chemotherapy-naı̈ve stage IV or recurrent metastatic non-
squamous NSCLC per RECIST (v1.1) and an Eastern Cooperative Oncology group (ECOG)
Performance Status Scale 0–1. Patients were recruited at 240 sites in 26 countries between March 2015
and December 2016, and randomized 1:1:1 to therapy with atezolizumab + carboplatin + paclitaxel
(ACP), atezolizumab + bevacizumab + carboplatin + paclitaxel (ABCP), or bevacizumab + carboplatin
+ paclitaxel (BCP), every 3 weeks for 4–6 cycles. This was followed by maintenance therapy with
atezolizumab, bevacizumab, or both. Treatment was administered on Day 1 of each cycle, and patients
underwent CT scan based tumor assessments every 6 weeks from Day 1 of Cycle 1 for the first 48
weeks, and every 9 weeks thereafter.

The current biomarker analysis included patients from IMpower150 who had SD after two treatment
cycles (i.e. at the first CT scan, 6 weeks post-treatment initiation), with available CT scan data and
serum samples (serum samples were usually taken pre-dose, and the timepoint was selected to be as
close as possible to that of the CT scan, with maximum of 14 days between CT and serum collection).
Tumor response was determined by CT scan using RECIST v1.1, as assessed by investigators [36]
and categorized as partial response (PR), SD, progressive disease (PD) or ‘other’. As an additional
assessment of tumor response, the sum of the longest diameter of the target lesions (SLD) was measured
at baseline and at the first post-treatment CT scan, and the proportion of patients with an increase or
decrease in SLD was calculated. Serum tumor markers (CA 125, CA 15-3, CA 19-9, CEA, CYFRA
21-1, HE4, NSE, SCC, ProGRP and CRP) were measured on Cycle 1 Day 1 (C1D1), Cycle 2 Day 1
(C2D1) and Cycle 3 Day 1 (C3D1), Cycle 4 Day 1 and Cycle 8 Day 1, with one sample measured per
patient. The current analysis only includes data from C3D1. Patients without CT scan data at 6 weeks
or with progression/death prior to the CT scan at 6 weeks or the corresponding specimen collection
date, were excluded.
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2.2. Efficacy assessments

In order to evaluate whether patients with SD at the first CT scan (6 weeks after treatment initiation)
can be stratified into high- and low-risk groups for death/disease progression based on their serum
tumor biomarker levels, OS and PFS were analyzed separately. The primary endpoint was OS, defined
as the time from treatment start date to any cause of death. The secondary endpoint was PFS, defined
as time from randomization to disease progression on CT or to any cause of death.

For both OS and PFS analyses, only the events occurring after the 6-week CT scan (i.e., after C3D1)
were considered.

2.3. Sample collection and biomarker evaluation

Measurements from a panel of 10 in vitro diagnostics biomarkers were evaluated, including nine
electrochemiluminescence immunoassays ([ECLIA]: CA 125, CA 15-3, CA 19-9, CEA, CYFRA 21-
1, HE4, NSE, SCC, and ProGRP) measured on the cobas® e 411 analyzer, and CRP measured on
the cobas c 501 analyzer, all from Roche Diagnostics Solutions. Serum samples were measured in
singlicates as per manufacturer instructions.

2.4. Statistical analysis

Patient demographics and disease characteristics were summarized using descriptive statistics. Only
patients with tumor response of either PR, SD or PD as determined by CT scan (RECIST) were included
in the analyses.

Biomarker cut-offs were optimized to obtain maximum risk differences (maximum hazard ratio
[HR]) between biomarker (score) low risk SD and biomarker (score) high risk SD patients in terms of
OS or PFS. All quantiles from 0.2 to 0.8 by steps of 0.05 were tested to split the patients into two groups
(0.2 and 0.8 were selected as boundaries to avoid any of the groups being inappropriately small, which
could result in inflated HRs). In practice, patients were sorted based on their biomarker or biomarker
composite score. Iteratively, a log-rank test was performed between the biomarker (score) low and
high groups, starting from 20% of SD patients allocated in the biomarker low group. The proportion
of biomarker low group was then increased by 5% and the log rank test was applied again. This
was repeated until the biomarker low group included 80% of SD patients. The log-rank p-value was
calculated for all possible cut-offs and the quantile with the lowest value was chosen as the optimized
cut-off. Cut-offs were optimized for OS when OS was the endpoint and for PFS when PFS was the
endpoint.

The composite score was derived from a linear combination of biomarkers. The composite score
of biomarkers is equal to the linear predictor extracted from Cox models including two or three
biomarkers.

Alternatively, a simplified statistical approach was performed using the univariate splits of singular
biomarkers to separate into two risk groups: two markers elevated above the derived optimal cut-off (i.e.
high-high, representing the extreme high-risk group), and all others combined (i.e. combined low/low,
low/high, and high/low). Risk predictions for OS and PFS were obtained for serum tumor biomarkers
(individual and combinations of markers), for CT response categories (PR, SD, PD) and SLD categories
(increased or decreased), and were compared using Cox regression models and Kaplan–Meier curves.
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Fig. 1. Study population. a. At 6 weeks post treatment initiation. C1D1, Cycle 1 Day 1; C3D1, Cycle 3 Day 1; CT, computed
tomography; CR, complete response; PD, progressive disease; PR, partial response; NE, non-evaluable; SD, stable disease.

2.5. Ethical considerations

IMpower150 was conducted in accordance with the International Conference on Harmonisation
Good Clinical Practice guidelines and with the principles of the Declaration of Helsinki. All patients
provided written informed consent. An independent data monitoring committee reviewed safety data.
The study protocol was approved by independent ethics committees at each participating site.

3. Results

3.1. Study patients

Of 1202 patients with NSCLC enrolled in the IMpower150 study (intention-to-treat, ITT), 750
patients had complete biomarker and first CT scan data (biomarker-evaluable population; BEP), with
no more than 14 days between CT scan and serum sample collection. These patients were classified
via RECIST v1.1 assessment: 480 patients had SD, 247 had PR, and 17 had PD. The 6 remaining
patients, classed as ‘other’, displayed mixed and other responses on CT and so were not included in
the biomarker analysis (Fig. 1). Patient demographics and characteristics of the BEP are shown in
Table 1. Of the 480 patients with SD, 44 (9.2%) had an increase in SLD at the first post-treatment CT
scan compared with baseline.

3.2. Prognostic value of serum tumor biomarkers

The prognostic value of individual, or combinations of, cancer biomarkers at the first post-treatment
CT scan (6 weeks post treatment initiation) were evaluated for predicting OS and PFS in the group of
480 patients with SD (Table 2). When differentiating low- or high-risk SD using derived biomarker cut-
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Table 1

Patient characteristics and demographics of the BEP by first CT scan resulta

Patients with NSCLC
PR (n = 247) SD (n = 480) PD (n = 17) All (N = 744)

Mean age, years (standard deviation) 62.6 (9.07) 62.6 (9.14) 63.9 (6.43) 62.6 (9.06)
Female/Male, n (%) 102/145 185/295 7/10 294/450

(41.3/58.7) (38.5/61.5) (41.2/58.8) (39.5/ 60.5)
Race, n (%)

White (81.0) 397 (82.7) 17 (100) 614 (82.5)
Black 6 (2.4) 8 (1.7) – 14 (1.9)
Asian 30 (12.1) 64 (13.3) – 94 (12.6)
Multiple 2 (0.8) 1 (0.2) – 3 (0.4)
American Indian or Alaskan Native 2 (0.8) – – 2 (0.3)
Unknown 7 (2.8) 10 (2.1) – 17 (2.3)

ECOG performance status, n (%)
0 128 (52.0) 203 (42.6) 7 (41.2) 338 (45.7)
1 118 (48.0) 273 (57.4) 10 (58.8) 401 (54.3)

Histology, n (%)
Adenocarcinoma 237 (96.0) 451 (94.0) 14 (82.4) 702 (94.4)
Otherb 8 (3.2) 23 (4.8) 2 (11.8) 33 (4.4)
Unknown 2 (0.8) 6 (1.3) 1 (5.9) 9 (1.2)

KRAS mutation status, n (%)
Negative 46 (18.6) 93 (19.4) 1 (5.9) 140 (18.8)
Positive 25 (10.1) 45 (9.4) 3 (17.6) 73 (9.8)
Unknown 176 (71.3) 342 (71.3) 13 (76.5) 531 (71.4)

ALK mutation status, n (%)
Negative 240 (97.2) 460 (95.8) 15 (88.2) 715 (96.1)
Positive 7 (2.8) 16 (3.3) 0 23 (3.1)
Unknown 0 4 (0.8) 2 (11.8) 6 (0.8)

EGFR mutation status, n (%)
Negative 223 (90.3) 412 (85.8) 14 (82.4) 649 (87.2)
Positive 24 (9.7) 58 (12.1) 2 (11.8) 84 (11.3)
Unknown 0 10 (2.1) 1 (5.9) 11 (1.5)

PD-L1 status, n (%)
Negative 94 (38.1) 247 (51.5) 8 (47.1) 349 (46.9)
Positive 153 (61.9) 233 (48.5) 9 (52.9) 395 (53.1)

aAt 6 weeks post treatment initiation. bOther histologies included adenocarcinoma with neuroendocrine features,
adenosquamous carcinoma, bronchioloalveolar carcinoma, large-cell carcinoma, sarcomatoid carcinoma, and undifferen-
tiated carcinoma. ALK, anaplastic lymphoma kinase; BEP, biomarker-evaluable population; CT, computed tomography;
ECOG, Eastern Cooperative Oncology Group; EGFR, epidermal growth factor receptor; KRAS, Kirsten rat sarcoma viral
oncogene homologue; PD, progressive disease; PR, partial response; SD, stable disease.

offs, CYFRA 21-1 and CA 125 displayed the best individual performance for both OS and PFS (Table 2)
using the optimized cut-offs calculated as 4.63 ng/mL and 77.32 U/mL, respectively; expected normal
values for these assays have been reported as ≤ 2.37 ng/mL and < 35 U/mL [37, 38]. Predictive value
was further improved using CYFRA 21-1 and CA 125 combined to derive an optimized biomarker
score (Table 2). The addition of a third biomarker did not significantly improve the prognostic value of
the two markers and therefore, CYFRA 21-1 + CA 125 was determined as the optimal panel. Prognostic
data for this two-marker panel are reported here.
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Table 2

Analysis of OS and PFS outcomes in patients with SD at 6-week CT scan (n = 480)

High- vs low-risk SD

Biomarker Optimized cut-off N Hazard ratio
OS PFS

Single biomarkersa

CA 125 77.32 U/mL 96 vs 384 2.88 2.51
CA 15-3 54.59 U/mL 96 vs 384 2.29 1.93
CA 19-9 33.84 U/mL 96 vs 384 1.46 1.37
CEA 25.70 ng/mL 120 vs 360 1.56 1.54
CYFRA 21-1 4.63 ng/mL 95 vs 385 2.62 2.73
HE4 150.80 pmol/L 96 vs 384 2.01 1.84
NSE 13.78 ng/mL 144 vs 336 1.33 1.13
SCC 1.12 ng/mL 216 vs 264 1.20 1.24
proGRP 34.98 pg/mL 216 vs 264 1.21 1.25
CRP 2.33 mg/L 383 vs 97 1.94 1.37

Combination biomarkersb

CA 125, CYFRA 21-1 – 120 vs 360 3.80 2.99
CA 125, CYFRA 21-1, CRP – 96 vs 384 3.58 3.00

Cut-off values reported for univariate markers and not applicable to multivariate biomarker
score. aPatients with SD stratified as high- or low-risk according to biomarker above or
below optimized cut-off value. bPatients with SD stratified as high- or low-risk according
to combined biomarker score above or below optimized cut-off. OS, overall survival; PFS,
progression-free survival; SD, stable disease.

3.3. Overall survival

Patients with SD at the first 6-week CT scan had a 42% increased risk of death compared with patients
with PR (median OS 18.8 vs 24.8 months; HR 1.424; 95% CI 1.179–1.720; p < 0.0001; Fig. 2a). The
risk of death was considerably higher for patients with PD compared with patients with SD (median
OS 6.1 months; HR 2.680; p < 0.0001 (Fig. 2a). Within patients with SD, the risk of death was similar
between patients with increased versus decreased SLD (HR 1.32; 95% CI 0.93–1.86; p = 0.11).

Using the two-biomarker combination model (cut-off optimized on the biomarker combination), the
risk of death was almost 4-fold higher for the high-risk SD versus low-risk SD patients (median OS
8.7 vs 23.4 months; HR, 3.80, 95% CI 3.02–4.78; p < 0.0001; Fig. 2b). This finding was similar across
the ACP and BCP treatment groups (median OS 8.8 vs 25.6 months and 7.9 vs 18.8 months; both
HR 3.47), with a slightly higher risk observed in the ABCP treatment group (9.5 vs 26.5 months; HR
5.21; Table 3). OS was comparable between patients with SD in the biomarker low-risk group and
those with PR on the first CT scan (median OS 23.4 vs 24.8 months; HR 1.10; 95% CI 0.898–1.34;
p = 0.361); and between patients with SD in the biomarker high-risk group and those with PD on the
first CT scan (8.7 vs 6.1 months; HR 1.05; 95% CI 0.621–1.77; p = 0.856).

A similar pattern of results was observed when using univariate cut-offs for both CYFRA 21-1
and CA 125 to split patients into biomarker-stratified risk groups (Supplementary Figure 1). Patients
with SD at first CT scan and with both markers elevated above the derived cut-offs (high-high) had a
4-fold increased risk of death compared with patients who had only one or neither marker elevated (7.0
vs 20.7 months; HR 3.96; 95% CI 2.89–5.42; p < 0.0001). OS was comparable between SD patients
with both markers elevated (high-high) and patients with PD (7.0 vs 6.1 months; HR 1.31; 95% CI
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Fig. 2. Kaplan-Meier plot of overall survival in (a) Patients with partial response, stable disease, or progressive disease at
first CT scana (b) Cox-proportional hazard model including patients with SD stratified into high- and low-risk groups by
biomarker combination, CYFRA 21-1 + CA 125 (above or below optimized cut-off). a. At 6 weeks post treatment initiation.
OS, overall survival; PD, progressive disease; PR, partial response; SD, stable disease.

Table 3

Hazard ratios for OS and PFS in patients with SD at the 6-week CT scan stratified into high- and low-risk groups by the
CYFRA 21-1 + CA 125 biomarker combination, according to treatment group

Treatment group N OS PFS
High-risk
SD,
Median
(months)

Low-risk
SD,
Median
(months)

HR
(high- vs
low-risk
SDa)

High-risk
SD,
Median
(months)

Low-risk
SD,
Median
(months)

HR
(high- vs
low-risk
SDa)

ACP: atezolizumab+
carboplatin + paclitaxel

174 8.8 25.6 3.47 4.0 6.8 3.79

ABCP: atezolizumab +
bevacizumab + carboplatin +
paclitaxel

153 9.5 26.5 5.21 5.1 10 2.74

BCP: bevacizumab +
carboplatin+ paclitaxel

153 7.9 18.8 3.47 3.8 7.9 2.56

aPatients with SD stratified as high- or low-risk according to biomarker value above or below optimized cut-offs. OS, overall
survival; PFS, progression-free survival; SD, stable disease.

0.74–2.32; p = 0.351). In patients with SD plus only one or neither biomarker elevated, the risk was
slightly elevated compared with those with PR (median OS 20.7 vs 24.8 months; HR 1.29; 95% CI
1.07–1.57; p = 0.009).

Thus, overall, the newly defined two-biomarker combination defined high- and low-risk SD groups
generally compared well with the CT-defined clear-cut response groups, PD and PR.
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Fig. 3. Kaplan-Meier plot of progression-free survival in (a) Patients with partial response or stable disease at first CT
scana (b) Cox-proportional hazard model including patients with SD stratified into high- and low-risk groups by biomarker
combination (above or below optimized cut-off). a. At 6 weeks post treatment initiation. PFS, progression-free survival; PR,
partial response; SD, stable disease.

3.4. Progression-free survival

Patients with SD at the first CT scan had a 40% higher risk of progression or death compared with
patients with PR (median PFS 6.5 vs 8.0 months; HR 1.402; 95% CI 1.189–1.654; p < 0.0001; Fig. 3a).
Within patients with SD, the risk of progression or death was 56% higher in patients with an increased
SLD versus patients with a decreased SLD (HR 1.56; 95% CI 1.13–2.16; p = 0.008).

Using the two-biomarker combination model (CYFRA 21-1 + CA 125), the risk of progression or
death was 3-fold higher in the high-risk versus low-risk SD group (4.1 vs 8.3 months; HR 2.99; 95% CI
2.42–3.68; p < 0.0001; Fig. 3b). CYFRA 21-1 + CA 125 also enabled risk discrimination of PFS within
the individual treatment groups (HR 2.56–3.79; Table 3). PFS was comparable between patients with
low-risk SD and those with PR on the first CT scan (8.3 vs 8.0 months; HR 1.11 95% CI 0.933–1.33;
p = 0.232).

The findings were similar when using the simplified approach to stratify patients with SD (both
markers elevated, high-high vs only one or neither marker elevated; Supplementary Figure 2). Patients
with SD and both markers elevated (high-high) had a greater than 3-fold increased risk of progression
or death compared to SD patients with only one or neither marker elevated (2.6 vs 6.9 months; HR
3.44; 95% CI 2.53–4.66; p < 0.0001). SD patients with one or neither marker elevated had a slightly
higher risk of progression than patients with PR (median PFS 6.9 vs 8.0 months; HR 1.30; 95% CI
1.10–1.54; p = 0.002).

4. Discussion

The data presented here demonstrate that a biomarker score generated using a combination of
two serum tumor biomarkers (CYFRA 21-1 + CA 125) can determine risk for future OS and PFS
in NSCLC patients with SD (per RECIST v1.1) at the first CT scan 6 weeks after treatment with
immune checkpoint inhibitor (atezolizumab), anti-angiogenic agent (bevacizumab) and chemotherapy
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combinations. Our results show that patients in the high-risk SD group, similarly to those with PD at the
initial CT scan, do not show survival benefit, while patients in the low-risk SD group show similar OS
to patients with PR, for each of the three treatment regimens, suggesting these serum tumor biomarker
risk scores are treatment-agnostic. Treatment is often continued in patients with SD despite the fact
that their tumors may not be responding [4]. Although additional immune-related RECIST has been
proposed for the assessment of novel patterns of response to immunotherapies, these complex criteria
are difficult to implement within routine clinical practice [31, 40]. Pseudo-growth/progression can lead
to misclassification of CT response, as can dissociated response (the co-existence of both responding
and non-responding lesions within the same patient) [10]. We also found that categorizing SD patients
by their change in lesion size (either increased or decreased SLD) provided no significant prognostic
value for OS and relatively low prognostic value for PFS. Therefore, different, more widely accessible
methods of assessment of treatment response are needed as an adjunct to complement routine CT
assessment.

Our retrospective exploratory analysis suggests that serum tumor biomarker assessment may have
clinical significance. Patients who are not likely to benefit from their first line of therapy can be
easily identified and thus spared from unnecessary treatment and possible severe adverse events [39].
Therefore, identifying those patients with serum tumor biomarkers could help to minimize side effects
and avoid unnecessary treatment costs. Additional prospective studies might be conducted to confirm
these findings and further evaluate whether SD high-risk patients would benefit from switching to a
different treatment regimen.

Our findings are consistent with another lung cancer multi-marker (LCMM) study, which reported
that when patients with SD were split into high- and low-risk groups using biomarker median value,
CYFRA 21-1 had the highest prognostic value for adenocarcinoma and CA125 for squamous cell car-
cinoma [40]. While addition of CEA improved their prognostic value in the LCMM study, inclusion of
additional tumor biomarkers did not improve the predictive performance of the two-marker model in our
analysis, though it should be noted that our study only tested patients with adenocarcinoma, and most
patients in the LCMM study did not receive any immunotherapy. Another study comparing circulating
tumor DNA (ctDNA) and serum tumor markers in measuring changes in biomarker concentrations
in patients with NSCLC and small-cell lung cancer found both ctDNA and CA 125 showed sub-
stantial agreement with CT scan response, while moderate agreement was reported between CYFRA
21-1 and CT response [41]. Combined, these studies suggest an opportunity to use tumor biomarkers
CYFRA 21-1 and CA 125 for personalizing treatment strategies in patients with NSCLC that may
have indeterminate response by CT scan.

Developments in artificial intelligence and machine learning applications might further improve the
accuracy and ease of implementation of biomarker models. In the future, the combined technologies
of imaging and biomarkers might help guide treatment decisions for patients with SD at the first CT
scan after treatment, by discriminating risk.

The fact that both the Cox model and the simplified cut-off model generated the same conclusion, is a
notable strength of our analysis and findings. Limitations of this study are that the biomarker analysis
was established post hoc, and was not included in the original IMpower150 study design. While
modest, there are differences in the distribution of responses in this biomarker subset compared with
the IMpower150 primary analysis population. The analysis also evaluated biomarkers on-treatment
(i.e., as a post-baseline variable, rather than a baseline factor), thus cannot rule out imbalances that
may develop in prognostic factors and more sophisticated modelling may be needed to account for
potentially confounding factors such as anti-drug antibodies. It should also be noted that the biomarkers
appear to be prognostic regardless of treatment received, and that among high-risk patients the ABCP
arm still outperformed the BCP arm – so their utility for guiding treatment decisions (in this case, with
or without atezolizumab) requires further investigation.
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5. Conclusions

The serum tumor biomarker score shows potential for providing important prognostic information
on patient response to immunotherapy- chemotherapy combination regimens. Serum tumor biomarker
testing is relatively quick and easy to implement, and has been employed in routine clinical practice
for a variety of tumor types, with validated tests routinely available (if not yet indicated for this use)
in most countries. Further prospective clinical studies to support the use of serum tumor biomarkers
as an adjunct to imaging to evaluate NSCLC patient prognosis are warranted.
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