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Abstract.
BACKGROUND: Serum tumor markers (STM) may complement imaging and provide additional clinical information for
patients with non-small cell lung cancer (NSCLC).
OBJECTIVE: To determine whether STMs can predict outcomes in patients with stable disease (SD) after initial treatment.
METHODS: This single-center, prospective, observational trial enrolled 395 patients with stage III/IV treatment-naı̈ve
NSCLC; of which 263 patients were included in this analysis. Computed Tomography (CT) scans were performed and STMs
measured before and after initial treatment (two cycles of chemotherapy and/or an immune checkpoint inhibitor or tyrosine
kinase inhibitor); analyses were based on CT and STM measurements obtained at first CT performed after cycle 2 only PFS
and OS were analyzed by Kaplan-Meier curves and Cox-proportional hazard models.
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RESULTS: When patients with SD (n = 100) were split into high- and low-risk groups based on CYFRA
21-1, CEA and CA 125 measurements using an optimized cut-off, a 4-fold increase risk of progression
or death was estimated for high- vs low-risk SD patients (PFS, HR 4.17; OS, 3.99; both p < 0.0001).
Outcomes were similar between patients with high-risk SD or progressive disease (n = 35) (OS, HR
1.17) and between patients with low-risk SD or partial response (n = 128) (PFS, HR 0.98; OS, 1.14).
CONCLUSIONS: STMs can provide further guidance in patients with indeterminate CT responses by
separating them into high- and low-risk groups for future PFS and OS events.

Keywords: NSCLC, biomarkers, CYFRA 21-1, CA 125, CEA, risk prediction

1. Introduction

Lung cancer is the second most commonly diagnosed cancer and the leading cause of cancer mortality
worldwide, with an estimated 2.2 million new cases and 1.8 million deaths reported in 2020 [1].
Approximately 85% of all cases of lung cancer are non-small cell lung cancer (NSCLC), with the
most common histological subtypes of NSCLC being adenocarcinoma (ADC; ∼40% of all cases)
and squamous cell carcinoma (SCC; 25–30% of all cases) [2]. As lung cancer symptoms often do not
appear until the disease has progressed into the late stages, the majority of cases (∼75%) are diagnosed
at an advanced stage and overall survival (OS) rates are poor [3, 4].

Current treatment options for NSCLC include surgery, radiation therapy, chemotherapy, and immune
checkpoint inhibitors, with adjuvant chemotherapy recommended for patients with stage II and IIIA
NSCLC [5, 6]. Small molecule tyrosine kinase inhibitors (TKIs) have been shown to improve survival
and are recommended for patients with advanced NSCLC who are positive for oncogenic driver
mutations [5]. In patients with locally advanced NSCLC without an oncogenic driver, immunotherapies
are typically recommended after concurrent chemoradiation, with specific guidance being based on
PD-L1 expression levels and response to previous treatments [5].

Imaging modalities, such as computed tomography (CT) or positron emission tomography (PET),
are widely used for clinical staging, monitoring treatment response, and detecting recurrent or
residual disease [7]. Response criteria based on cross-sectional imaging results have been success-
fully used in numerous randomized clinical trials, and CT is currently the method of choice for
assessing treatment response [8]. However, CT-based response criteria were developed in patients
receiving cytotoxic chemotherapy as a means of evaluating treatment efficacy based on the extent
of tumor shrinkage [8]. While there were indications that tumor measurement by CT was sub-
ject to considerable inter-observer variability [9–12], World Health Organization criteria and later
response evaluation criteria in solid tumors (RECIST) were adopted as the gold standard for assess-
ing treatment response in clinical trials [8, 13]. At present, bi- and unidirectional measurements
remain the mainstay of NSCLC response assessment in routine clinical practice [5, 14]. Neverthe-
less, objective tumor response on imaging shows an imperfect correlation with patient outcomes,
and its utility has been challenged in recent studies assessing non-chemotherapeutic treatments
[15–18].

According to RECIST 1.1 criteria, the term stable disease (SD) is assigned to measurable lesions
that have neither sufficient tumor shrinkage to qualify as a partial response (PR; ≥30% decrease in
size), nor sufficient growth to qualify as progressive disease (PD; ≥20% increase in size) [8]. While
SD is generally considered to reflect clinical benefit for patients in these advanced stages, it can also
be thought of as an indeterminate response, encompassing patients whose tumors fall between the
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cutoffs defined for PD or PR [8]. Multiple trials have shown that a substantial proportion of patients
can have SD despite not receiving active therapy, and the identification of patients with SD who are
indeed benefiting from therapy remains a fundamental challenge [13].

With the introduction of targeted therapies and immunotherapies for NSCLC, additional tools are
now needed to better evaluate treatment efficacy [17–21]. One such tool is serum tumor marker (STM)
testing, which can be used to complement radiologic assessments and may provide additional clini-
cal information for patients undergoing treatment. Several studies in patients with lung cancer have
demonstrated that STMs, such as cytokeratin 19 fragment 21-1 (CYFRA 21-1), carcinoembryonic
antigen (CEA), progastrin-releasing peptide (ProGRP) and neuron-specific enolase (NSE) can be used
to determine lung cancer subtype, and have been shown to correlate with tumor stage, prognosis, and
response to therapy [22–26]. Circulating tumor DNA (ctDNA) has also been shown to have a potential
role in monitoring response to treatment [27]; however, it is currently limited by cost and turnaround
time and can only be applied to mutation-positive patients. Despite the emerging evidence supporting
a role for STMs in monitoring treatment response in NSCLC, they have not yet been incorporated into
clinical guidelines.

Here, we present the results of the Lung Cancer Multi-Marker (LCMM) study, which assessed
a number of potential biomarker and biomarker combinations using samples from patients with a
histologically-confirmed diagnosis of NSCLC. While the clinical question of whether a therapy should
be continued is clearly answered when patients show PR or PD in CT scans at staging examinations,
additional information would be helpful in SD patients for better decision making. Therefore, we
focused this analysis on the subgroup of patients identified as having SD at a CT scan performed after
the first two treatment cycles. The aim was to understand how STMs might complement imaging and
whether they can provide additional information on the risk for disease progression or death in patients
with SD after initial treatment.

2. Materials and methods

2.1. Study population

The LCMM prospective, observational study enrolled patients ≥ 18 years of age with previously
untreated stage III or IV NSCLC, an Eastern Cooperative Oncology Group (ECOG) performance score
of 0–2 and a treatment plan for at least four cycles of chemotherapy and/or an immune checkpoint
inhibitor or TKI (as detailed in Table 1) at the Thoraxklinik, University Hospital Heidelberg between
December 2015 and April 2020. Patients with unobtainable blood samples, a history of secondary
malignancy, or who were pregnant or breastfeeding were excluded from the study. The sub-group
analysis reported here was limited to patients with either an ADC or SCC and who had data available
from a CT scan performed after cycle 2 of first-line therapy. The study was approved by the ethics
committee of the University of Heidelberg (MZmo-407/2015) and was performed in accordance with
the Declaration of Helsinki.

2.2. Study objectives

The main objective was to assess the prognostic value of STMs in monitoring treatment success by
testing whether patients with SD on CT after the first two cycles of therapy can be differentiated into
high- and low-risk groups based on STM levels, with separate analyses for progression-free survival
(PFS) and OS.
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Table 1

Patient demographics and treatment schemes

Patients with PR
at first CT after
Cycle 2
(N = 128)

Patients with
SD at first CT
after Cycle 2
(N = 100)

Patients with PD
at first CT after
Cycle 2 (N = 35)

Mean age, years (standard dev.) 66.0 (9.8) 67.3 (8.7) 63.1 (8.4)
Male sex, n (%) 74 (57.8) 69 (69.0) 22 (62.9)
Smoking status, n (%)
Smoker 44 (34.4) 34 (34.0) 19 (54.3)
Ex-smoker 66 (51.6) 58 (58.0) 13 (37.1)
Never smoked 18 (14.1) 8 (8.0) 3 (8.6)
UICC stage, n (%)
III 41 (32.0) 27 (27.0) 3 (8.6)
IV 87 (68.0) 73 (73.0) 32 (91.4)
ECOG PS, n (%)
0 64 (50.0) 50 (50.0) 17 (48.6)
1 64 (50.0) 49 (49.0) 18 (51.4)
2 – 1 (1.0) –
NSCLC histopathology, n (%)
ADC 90 (70.3) 76 (76.0) 27 (77.1)
SCC 38 (29.7) 24 (24.0) 8 (22.9)
Treatment until first CT after Cycle 2, n (%)
Platinum-based combinationa 88 (68.9) 71 (71.0) 27 (80.0)
Platinum-freeb 4 (3.1) 6 (6.0) –
TKI ± radiotherapyc 21 (16.4) 8 (8.0) 1 (2.9)
ICI alone or in combinationd 9 (7.0) 12 (12.0) 5 (14.3)
Investigational treatmente 5 (3.9) 3 (3.0) 1 (2.9)
Median time from therapy initiation to, days:
First CT scan 45.5 43.0 44.0
Biomarker measurement 46.0 44.0 47.0

All values n (%), unless otherwise stated. ADC, adenocarcinoma; CT, computed tomography; ECOG, Eastern Coopera-
tive Oncology Group; ICI, immune checkpoint inhibitor; PR, partial response; SCC, squamous cell carcinoma; SD, stable
disease; TKI, tyrosine kinase inhibitor; UICC, Union for International Cancer Control. aPlatinum-based therapy included
carboplatin and cisplatin. bPlatinum free therapy included etoposide, gemcitabine, nab-paclitaxel, paclitaxel, pemetrexed,
vincristine, vinorelbine, doxorubicin, cyclophosphamide, docetaxel, tomudex, topotecan and trofosfamide. cTKI (EGFR)
included afatinib, erlotinib, gefitinib and osimertinib. TKI (ALK) included alectinib, ceritinib and crizotinib. dICI (PD) were
atezolizumab, nivolumab, pembrolizumab; ICI (CTLA) was ipilimumab. eTreatment type was not captured.

2.3. Efficacy assessments

Following initial treatment, patients were defined as having PR, SD or PD based on results from the
first CT scan performed after treatment cycle 2 (maximum time between administration of the second
cycle and the first CT was 60 days). Tumor response on CT was defined by RECIST v1.1 and evaluated
by medical staff at the Thoraxklinik [11]. PFS was defined as the time from treatment start date to
disease progression date on CT, death from any cause or the last observation. Patients still alive and
without evidence of recurrence were censored. OS was defined as the time from the treatment start
date to the date of the last observation or the date of death from any cause. Patients still alive were
censored.
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2.4. Sample collection and biomarker evaluation

Venous blood samples were collected from each patient at baseline and at each routine visit as appli-
cable. Samples of minimum 5 mL extracted blood serum (S-Monovette Serum-Gel, 7.5 mL, Sarstedt
GmbH, Nürmbrecht, Germany) were centrifuged within 1 hour of venipuncture and the serum was
divided into a minimum of three 500 �L aliquots and stored frozen below –70◦C. Samples were shipped
on dry ice to a certified laboratory conducting quality-controlled measurements. Samples were then
thawed and processed in batches. Measurements were performed using a panel of eight electrochemi-
luminescence immunoassays (ECLIA) for in vitro diagnostics biomarkers (Elecsys® assays: CEA,
ProGRP, NSE, CYFRA 21-1, SCC, cancer antigen 15-3 [CA 15-3], CA 125 and HE4) on a cobas®

e 411 analyzer from Roche Diagnostic Solutions (Mannheim, Germany). The individual biomarkers
with the highest prognostic value were assessed in two and three biomarker combinations to predict
PFS or OS in patients identified as having SD at the first CT scan performed after two treatment cycles
(Supplementary Figure 1 and Supplementary Table 1).

2.5. Statistical analysis

Patient demographics and disease characteristics were summarized using descriptive statistics. Risk
prediction for PFS and OS was compared between subgroups defined by CT response or biomarker
results using Cox regression models and Kaplan–Meier curves. Models were based on CT and
biomarker data obtained at the first CT scan performed after treatment cycle 2 only. Biomarker val-
ues were log2 transformed. Prognostic models were evaluated using hazard ratios (HR) and C-index
values (non-parametric estimator of the proportion of all patient pairs for which model prediction and
observed outcome were concordant).

In biomarker-based risk prediction models, patients were separated into two risk groups based on 1)
the median biomarker value for the analyzed population and 2) the optimized cut-off (all quantiles from
0.2 to 0.8 by steps of 0.05 were tested to split the patients into two groups. The quantiles 0.2 and 0.8
were selected to avoid any of the groups being inappropriately small, which could lead to overfitting.
HR and log-rank p-value for each split were calculated. The quantile with the lowest log-rank p-value
was chosen as the optimized cut-off). Cox proportional hazard models were based on either a single
biomarker or combinations of two or three biomarkers. For the combined population of ADC and SCC,
the models also included the interaction term between histology and each biomarker.

3. Results

3.1. Study patients

Of the 395 patients with NSCLC enrolled, 263 met the eligibility criteria for the current analyses.
Following initial treatment, 100 patients had SD (ADC, n = 76; SCC, n = 24), 128 had PR (ADC, n = 90;
SCC, n = 38) and 35 had PD (ADC, n = 27; SCC, n = 8) (Fig. 1). Patients with PR and PD were included
for comparison in the outcome analyses. Patient demographics and treatment schemes for the PR, SD,
and PD subgroups are summarized in Table 1. Patients received chemotherapy (71.9%, 77.0% and
80.0% for PR, SD and PD, respectively) and/or immune-checkpoint inhibitor therapy (7.0%, 12.0%
and 14.3%, respectively) or TKI (16.4%, 8.0%, 2.9% respectively). The most common treatment
regimen was platinum-based combination chemotherapy (68.9%, 71.0% and 80.0% of patients in the
PR, SD, and PD groups, respectively). The median time from treatment initiation to first CT scan and
to STM measurements were similar across CT-response groups. Overall, the median follow-up time
in this study was 462 days.
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Fig. 1. Study population. ADC, adenocarcinoma; CT, computed tomography; NSCLC, non-small cell lung cancer; PD,
progressive disease; PR, partial response; SCC, squamous cell carcinoma; SD, stable disease.

Fig. 2. Progression-free survival (A) and overall survival (B) in patients with partial response, stable disease, or progressive
disease at the first CT scan after the second cycle stratified by CT scan results. CI, confidence interval; HR, hazard ratio; OS,
overall survival; PD, progressive disease; PFS, progression-free survival; PR, partial response; SD, stable disease

3.2. Prognostic value of the first CT scan after the second treatment cycle

Patients identified as having SD at the first CT scan performed after two treatment cycles had a
similar risk of progression or death compared with patients with PR (median PFS; 6 vs 8 months;
HR 1.33, 95% CI 0.99–1.77, p = 0.055; Fig. 2A). For the endpoint of OS, patients with SD had a
modestly increased risk of death from any cause compared with patients with PR (median OS 15 vs
19 months; HR 1.50, 95% CI 1.09–2.07, p = 0.014; Fig. 2B). As expected, the risk of death from any
cause was considerably higher for patients with PD vs PR (median OS 4 vs 19 months; HR 3.74, 95%
CI 2.43–5.76, p < 0.0001; Fig. 2B).



T. Muley et al. / CYFRA 21-1, CA 125 and CEA provide additional prognostic S169

Fig. 3. Progression-free survival (A) and overall survival (B) in patients with stable disease at the first CT scan after the
second cycle in those with ADC or SCC stratified into high- and low-risk groups by CYFRA 21-1, CA 125, CEA and the
interaction term between histology and each biomarker, above or below median. Results are compared to patients with PR
(A) or PR and PD (B). The C-index was calculated based on a model that included the continuous form of the biomarkers.
HR, hazard ratio; OS, overall survival; PD, progressive disease; PFS, progression-free survival; PR, partial response; SD,
stable disease.

3.3. Prognostic value of serum tumor markers

Prognostic data for the biomarkers CYFRA 21-1, CEA and CA 125 are reported here. Prognostic
data for remaining biomarkers are shown in Supplementary Table 2.

3.3.1. Median biomarker cut-off
Initially, all biomarker data were analyzed by splitting patients with SD into two groups (high risk

vs low risk) using the median value for each biomarker as a cutoff (Supplementary Table 1). For the
endpoint of PFS, CYFRA 21-1 had the highest prognostic value for ADC, with a median PFS of
4 months for the high-risk SD group and 8 months for the low-risk SD group (HR 2.30, 95% CI,
1.40–3.78, p = 0.001 for high vs low-risk SD). CA 125 had the highest prognostic value for SCC, with
a median PFS of 4 months for the high-risk SD group and 9 months for the low-risk SD group (HR
3.47, 95% CI 1.42–8.49, p = 0.006 for high vs low-risk SD) (Supplementary Table 3; Supplementary
Figure 2A, B).

For the combined population of patients with ADC and SCC, a combination of CYFRA 21-1 and
CA 125 and an interaction term between each biomarker and histology had a greater prognostic value
for PFS than either biomarker alone (Supplementary Table 3; Supplementary Figure 2C). The addition
of a third biomarker, CEA, further improved the prognostic performance for the combined population
of patients with ADC and SCC and indicated an almost 2.5-fold increased risk of progression or death
for patients with high vs low-risk SD (median PFS: high-risk SD 4 months, low-risk SD 9 months,
HR 2.41, 95% CI 1.57–3.70, p < 0.0001); Supplementary Table 3; Supplementary Figure 2D). Using
this three-marker model, patients in the low-risk SD group had a similar PFS compared with patients
identified as having PR based on CT scan results after two treatment cycles (median PFS: low-risk SD
9 months, PR 8 months; HR 0.90, p = 0.57; Fig. 3A).

For the OS endpoint, patients in the low-risk SD group had a similar risk of death compared with
patients identified as having PR on a CT scan (median OS: low-risk SD 18 month, PR 19 months; HR
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Fig. 4. Progression-free survival (A) and overall survival (B) in patients with stable disease at the first CT scan after the second
cycle in those with ADC or SCC stratified into high- and low-risk groups by CYFRA 21-1, CA 125, CEA and the interaction
term between histology and each biomarker, above or below optimized cut-off. Results are compared to patients with PR (A)
or PR and PD (B). The C-index was calculated based on a model that included the continuous form of the biomarkers. HR,
hazard ratio; OS, overall survival; PD, progressive disease; PFS, progression-free survival; PR, partial response; SD, stable
disease.

1.04, p = 0.87). Patients with high-risk SD had a 2-fold increased risk of death vs patients with low-
risk SD (median OS: high-risk SD 10 months, low-risk SD 18 months; HR 2.08, 95% CI 1.29–3.33,
p = 0.002), but a 2-fold decreased risk of death vs patients with PD (median OS: high-risk SD 10
months, PD 4 months; HR 0.57) (Fig. 3B).

3.3.2. Optimized biomarker cut-off
Using the optimized biomarker cut-off, a 4-fold increase in PFS or OS was estimated for the high

vs low-risk SD patients (median PFS: high-risk SD 3 months, low-risk SD 8 months; HR 4.17, 95%
CI 2.63–6.62, p < 0.0001; median OS: high-risk SD 5 months, low-risk SD 17 months; HR 3.99, 95%
CI 2.41–6.59, p < 0.0001; Fig. 4). Patients with low-risk SD had similar outcomes to those with PR for
PFS (median PFS: low-risk SD 8 months, PR 8 months; HR 0.98; p = 0.92; Fig. 4A) and OS (median
OS: low-risk SD 17 months, PR 19 months; HR 1.14; Fig. 4B). Patients with high-risk SD had a similar
OS probability to those with PD (median OS: high-risk SD 5 months, PD 4 months; HR 1.17; Fig. 4B).

4. Discussion

CT is currently the method of choice for assessing response to therapy in lung cancer; however, it has
certain limitations, especially in patients receiving targeted therapy or immunotherapy. This analysis
indicates that CT performed after the first two treatment cycles has limited prognostic value. Although
a clear difference in OS was observed for patients with PD vs PR, the ability of CT to discriminate
between PR and SD in terms of PFS and OS was limited.

The limitations associated with CT have led to the development of alternative response criteria in
various patient groups [16–19]. However, these alternative criteria have been designed for use in the
clinical trial setting, where complexity is an acceptable trade-off for greater accuracy in measuring
response, and they may not be suited to clinical practice. Several previous studies have supported the
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use of predictive and prognostic biomarkers to monitor response to various treatment modalities in
NSCLC [25, 26, 28–30]. A recent meta-analysis of studies analyzing the predictive and prognostic
utility of CYFRA 21-1 and CEA concluded that both markers may be used for monitoring treatment
response, and that biomarkers may have a role in prediction of treatment response [29, 31], although
no conclusions could be drawn based on patients’ RECIST category. Despite the growing body of
supporting evidence, the use of serum tumor markers for the monitoring of response to therapy has
not yet been incorporated into current guidelines [5, 14], possibly because it remains unclear how they
should be used in conjunction with imaging. Indeed, tumor markers do not provide any added value
when they align with the CT results. Moreover, if their predictions diverge from the comprehensive
clinical and radiological assessment, they are also unlikely to influence patient management. However,
SD represents a clinical ‘grey zone’, where it is difficult to tell whether a patient is responding or
progressing [8, 13], and adding tumor markers to CT may assist in risk discrimination among these
patients. Tumor markers may also hold potential for guiding treatment decisions especially in scenarios
involving therapy-related side effects such as organ toxicity or autoimmunity. In cases where anti-tumor
treatment is predicted to be successful, these markers could aid in the decision to manage such side
effects symptomatically within the low-risk SD group. Conversely, for the high-risk SD group, where
the predicted benefit of anti-tumor treatment is limited, these markers might prompt consideration
for treatment modification [32]. In addition, an alternative response evaluation would be welcome
in cases where there is pseudoprogression on CT [33] or poor differentiation between tumor and
adjacent atelectasis/retention pneumonia; or when there’s uncertainty about whether new lesions are
new metastases or, for example, new bronchopneumonia [33].

Of the eight serum tumor markers tested, the optimal prognostic biomarker was dependent on the
underlying histology, i.e., CYFRA 21-1 had the highest prognostic value for patients with an ADC
and CA 125 for patients with SCC. The combination of these two markers plus CEA had the greatest
prognostic value in the overall population of patients with SD (ADC and SCC) for PFS. This biomarker
combination also demonstrated high prognostic value for OS, but a slightly higher C-index for OS was
found when replacing CEA with CA 15-3 (i.e. by the combination of CYFRA 21-1, CA 125 and CA
15-3). Future investigations are warranted to assess whether this difference might be cohort-specific.
Nonetheless, it is evident from our findings that three-biomarker combinations including CYFRA 21-1
demonstrate the highest prognostic value in this setting.

The prognostic power of the triple marker model CYFRA 21-1 + CA 125 + CEA further increased
when patients were stratified using an optimized rather than a median biomarker cut-off. Using the
optimized cut-offs, patients in the high-risk SD subgroup had a similar risk for PFS and OS compared
with patients with PD, suggesting that these patients may not derive further benefit from therapy and a
treatment switch could be considered. Conversely, patients in the low-risk SD subgroup had responses
similar to patients with PR, suggesting that the continuation of therapy may be beneficial in these
patients. Similar results were obtained in an analysis of the large IMpower150 study (n = 750), which
demonstrated that a combination of CA 125 and CYFRA 21-1 with or without C-reactive protein
could be used to predict OS and PFS in NSCLC patients with SD following two treatment cycles
with a regimen that included chemotherapy combined with an immune checkpoint inhibitor and/or a
growth factor inhibitor [34]. These results from the LCMM and IMpower150 studies support the use
of a combination of tumor serum biomarkers to further risk stratify patients identified as having SD
after the first two treatment cycles with either chemotherapy or immunotherapy/targeted therapies.

The limitations of the current study are that it only includes data obtained from a single center and
that the model was both trained and tested on the same study population. However, we found that the
survival outcome data in the current study are comparable to other real-world cohorts with similar
treatment patterns, i.e., predominantly first-line platinum-based chemotherapy combinations [35, 36].
Additionally, given this is a data-driven method, the suitability of the cut-off chosen may vary between
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different clinical practices. While the methodology used is prone to overfitting, quantiles of 0.2 and 0.8
were selected to avoid any of the groups being unsuitably small. The limited number of tested samples
may warrant further validation of these results in additional cohorts. Performing alternative analyses
such as receiver operating characteristic curves, or Brier-Score analysis could also be beneficial in
further confirming our findings.

5. Conclusions

The combination of CYFRA 21-1, CA 125 and CEA may provide additional information in patients
with an indeterminate CT response after initial treatment by differentiating those with SD into high-
and low-risk groups for PFS and OS. Biomarkers may have a potential role in prognosis prediction in
patients with NSCLC, although further research will be needed to assess their clinical utility. Validation
of these results based on an external cohort is required as is confirmation that managing patients based
on their biomarker score improves outcomes.
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