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Abstract.
BACKGROUND: The value of serum tumor markers (STMs) in the current therapeutic landscape of lung cancer is unclear.
OBJECTIVE: This scoping review gathered evidence of the predictive, prognostic, and monitoring value of STMs for
patients with advanced lung cancer receiving immunotherapy (IT) or targeted therapy (TT).
METHODS: Literature searches were conducted (cut-off: May 2022) using PubMed and Cochrane CENTRAL databases.
Medical professionals advised on the search strategies.
RESULTS: Study heterogeneity limited the evidence and inferences from the 36 publications reviewed. While increased
baseline levels of serum cytokeratin 19 fragment antigen (CYFRA21-1) and carcinoembryonic antigen (CEA) may predict
IT response, results for TT were less clear. For monitoring IT-treated patients, STM panels (including CYFRA21-1, CEA,
and neuron-specific enolase) may surpass the power of single analyses to predict non-response. CYFRA21-1 measurement
could aid in monitoring TT-treated patients, but the value of CEA in this context requires further investigation. Overall,
baseline and dynamic changes in individual or combined STM levels have potential utility to predict treatment outcome and
for monitoring of patients with advanced lung cancer.
CONCLUSIONS: In advanced lung cancer, STMs provide additional relevant clinical information by predicting treatment
outcome, but further standardization and validation is warranted.
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1. Introduction

The past two decades have witnessed outstanding advances in thoracic oncology. The nature of these
advances is three-fold: first, a deeper understanding of the molecular determinants of cancer initiation
and progression; second, advances in the development and clinical use of novel anticancer therapies,
such as targeted treatments and immunotherapies; and third, the application of increasingly sophis-
ticated technologies and diagnostic tools, such as next-generation sequencing, tissue-based scores,
artificial intelligence, and radiomics in lung cancer medicine [1–5].

Immunotherapy and targeted therapy are treatment options for patients with lung cancer, alongside
surgery, radiotherapy, and chemotherapy. Immunotherapy uses monoclonal antibodies to interact with
cytotoxic T cells or ligands on tumor cells to induce tumor cell apoptosis [3]. Immune checkpoint
inhibitors (ICIs) with mechanisms of action against programed death receptor-1 (PD-1; e.g., nivolumab,
pembrolizumab), programed death-ligand 1 (PD-L1; e.g., atezolizumab), and cytotoxic T-lymphocyte-
associated protein 4 (CTLA-4; e.g., ipilimumab) are available options [3, 4]. Treatment with ICIs
alone, or in combination with chemotherapy, is recommended in the first-line setting for patients
with advanced non-small cell lung cancer (NSCLC) whose tumors do not have actionable driver
mutations, such as alterations in the epidermal growth factor receptor (EGFR) or anaplastic lymphoma
kinase (ALK) genes [4]. Patients whose tumors do harbor actionable mutations may benefit from
targeted therapy with tyrosine kinase inhibitors (TKIs), multi-kinase inhibitors, serine/threonine kinase
inhibitors, or other small molecule inhibitors; many such agents are approved for the treatment of
NSCLC [6].

Precision medicine and personalized medicine are rightly advocated as the most promising path
forward in oncology, although their clinical application remains challenging due to a lack of infras-
tructure, in-depth fundamental knowledge, and validated data from clinical trials. There has been a
focus on molecular markers to stratify patients for targeted or immune treatments and international
guidelines recommend that all patients with advanced NSCLC undergo testing for mutations in EGFR,
BRAF, Kirsten rat sarcoma virus (KRAS), ALK rearrangements, and PD-L1 expression [7]. However,
in this quest for precision and personalization, more dated predictive circulating protein biomarkers
have been somewhat neglected, as they have been shown to provide inadequate or insufficient infor-
mation. Several issues are apparent in the existing literature: small, heterogeneous patient populations
that may have concomitant diseases capable of influencing marker levels; use of different methods
to assess serum tumor marker (STM) values; and lack of comparison with other existing predictive
markers [8, 9].

The rapid evolution of therapeutic options brings the need to revisit and critically assess all tools
at our disposal to support and guide clinical decision making. Recent studies suggest that STMs hold
therapeutic promise, though published literature around this topic is scarce [10–13]. The European
Society for Medical Oncology (ESMO) 2017 and 2019 Clinical Practice Guidelines (European and
Pan-Asian adapted) do not recommend routine measurement of STMs for staging and risk assessment
in patients with early or advanced NSCLC, and the ESMO 2021 guidelines state that there are currently
no validated STMs with predictive value for small cell lung cancer (SCLC) [14–16]. These recommen-
dations, however, are based on historical data, including evidence from a decade old review focusing
on measurement of carcinoembryonic antigen (CEA) in patients following surgery, chemotherapy, or
radiotherapy only [17]. The 2022 National Comprehensive Cancer Network and American Society of
Clinical Oncology guidelines contain no information about STMs [7, 18–20]. Nonetheless, STMs have
all the attributes to be considered “companion diagnostics”: STMs reflect tumor size or biochemical
activity [21]; they can be assessed quantitatively, quickly, robustly, and with high levels of quality
control on automated instruments; assessments are cost-efficient; and testing can be performed in a
serial manner before, during, and after therapy to monitor local and systemic tumor control. However,
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Fig. 1. Summary of predictive, prognostic, and monitoring STMs for lung cancer. Biomarkers may have multiple clinical
applications during the course of the disease, depending on the timing of the test and the exact measurements and comparisons
that are to be made. The arrow represents the time from initial histologic diagnosis and staging in arbitrary units. CT: computed
tomography, NSCLC: non-small cell lung cancer, SCLC: small cell lung cancer, STMs: serum tumor markers.

to aid clinical decision making and to interpret individual STM levels and kinetics, several values and
measures need to be developed, including defined criteria for appropriate time points, and relevant
thresholds or individual value changes over time.

Predictive markers are defined as those that are measured at baseline and are indicative of therapeutic
efficacy; they can discriminate between patients who will or will not respond to a specific therapy
[22, 23]. Prognostic markers indicate the likelihood of disease recurrence, progression-free survival
(PFS), or overall survival (OS), and are independent of therapy received as they reflect innate tumor
behavior [23]. In this review, “prognosis” is considered after the initiation of immunotherapy or targeted
treatment. In addition, some biomarkers have monitoring value, in that they can be measured serially to
evaluate disease status or inform on the effect of a medical or biologic agent over time [23]. Importantly,
some biomarkers are both predictive and prognostic, whilst also providing monitoring value (Fig. 1)
[22, 23].

We conducted a literature search to gather current evidence around the predictive, prognostic, and
monitoring value of circulating STMs, including: CEA, cytokeratin 19 fragment antigen (CYFRA21-
1), carbohydrate antigen 19-9 (CA19-9), cancer antigen 125 (CA125), cancer antigen 15-3 (CA15-3),
squamous cell carcinoma antigen (SCCA), neuron-specific enolase (NSE), progastrin-releasing peptide
(ProGRP), human epididymis protein 4 (HE4), and antibodies against tumor protein 53 (as described
in Table 1), for patients with advanced stage lung cancer, including NSCLC and SCLC, receiving
immunotherapy or targeted therapy.

2. Literature search methodology

Using PubMed and Cochrane CENTRAL databases, we conducted literature searches with a cut-off
date of May 9, 2022. A team of medical professionals advised on the design of the search strategies,
and these were adapted for each database. The Boolean operators “AND", “OR", and “NOT” were used
to combine keywords related to the STMs of interest (Table 1), NSCLC, or SCLC, and a set of “Core
terms” that defined the outcomes of interest and treatment, including immunotherapy and targeted
therapy specific for NSCLC and SCLC. Searches were restricted to records of papers published after
2011 and non-human studies were excluded. Full search strategies for both PubMed and Cochrane
CENTRAL are provided in Appendices 1–4.

Search results were imported into a shared spreadsheet and duplicate records removed. Two team
members screened each abstract for eligibility. For records marked for potential inclusion, full texts
were evaluated by the wider review team. Of 362 publications identified, 229 titles and abstracts were
screened and 72 full texts were of potential interest and assessed for eligibility. In total, 36 publications
were included in the review, of which only one concerned SCLC. Overall, 326 publications were
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Table 1

STMs included in the search strategy

STM Biologic function Application in diagnostics

CEA CEA is a glycoprotein produced during
embryonic development that is reported to be
involved in cell adhesion, immunity, and
apoptosis [24, 25]

CEA is overexpressed in many malignant tumors,
including NSCLC, and is readily detectable in serum
[26]

CYFRA21-1 CYFRA21-1 is a fragment of cytokeratin 19, a
structural protein in the cytoskeleton of epithelial
cells, that is soluble in serum [27, 28]

Degradation of cytokeratin 19 occurs at an accelerated
rate in epithelial neoplasms, and elevated circulating
CYFRA21-1 occurs in NSCLC, particularly squamous
cell carcinoma [28]

CA19-9 CA19-9 is a tumor-associated antigen that binds
to the Lewis (a) antigen on a mucin [29, 30]

Elevated levels of CA19-9 have been observed in cases
of gastric, lung, colon, and pancreatic cancer [31]

CA125 CA125 is a glycoprotein encoded by MUC16 that
is expressed on the surface of epithelial cells [32]

CA125 is involved in cancer cell proliferation and
expressed in various gynecologic and non-gynecologic
cancers, including lung cancer [32, 33]

CA15-3 CA15-3 is a mucin encoded by MUC1; under
normal conditions, mucins play a protective role
on the surface of epithelial cells [34]

Elevated levels of circulating CA15-3 have been
identified in colorectal, lung, ovarian, breast, and
pancreatic cancers, using the monoclonal antibodies
DF3 and 115D8 [34]

SCCA SCCA is a subfraction of the glycoprotein TA-4
that acts as an enzyme inhibitor [35, 36]

Alterations in the expression of SCCA have been
identified in squamous cell carcinomas, including
NSCLC [37]

NSE NSE is a cell-specific isoenzyme encoded by
ENO2; under normal pathophysiologic
conditions, NSE is found in the cytoplasm of
neurons and neuroendocrine cells, and is involved
in glycolytic energy metabolism [38]

Elevated levels of circulating NSE have been reported
during malignant proliferation, and NSE has been used
as a marker for SCLC and NSCLC [38, 39]

ProGRP ProGRP is a precursor for GRP, a regulatory
neuropeptide implicated in an array of
physiologic processes [40]

ProGRP may function as an autocrine growth factor in
various types of cancer, including SCLC [40, 41]

HE4 HE4 is a protein encoded by WFDC2 that inhibits
trypsin degradation and belongs to the WFDC
protein family [42, 43]

HE4 has been suggested to be a biomarker for various
cancers including ovarian, endometrial, and lung [42–44]

Anti-p53 p53 is a tumor suppressor involved in the
regulation of cell growth, DNA repair, and
apoptosis [45]

Mutations in TP53 can result in overexpression of p53
and thereby induce circulating p53 antibodies (anti-p53)
in various types of cancer, including NSCLC [45, 46]

Anti-p53: antibodies against tumor protein p53, CA125: cancer antigen 125, CA15-3: cancer antigen 15-3, CA19-9: carbohy-
drate antigen 19-9, CEA: carcinoembryonic antigen, CYFRA21-1: cytokeratin 19 fragment antigen, DNA: deoxyribonucleic
acid, ENO2: enolase 2, GRP: gastrin-releasing peptide, HE4: human epididymal protein 4, MUC1: mucin 1, MUC16: mucin
16, NSCLC: non-small cell lung cancer, NSE: neuron-specific enolase, ProGRP: progastrin-releasing peptide, SCCA: squa-
mous cell carcinoma antigen, SCLC: small cell lung cancer, STMs: serum tumor markers, TP53: tumor protein p53, WFDC:
whey acidic four-disulfide core, WFDC2: whey acidic four-disulfide core domain 2.
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Fig. 2. Flow diagram of search results. NSCLC: non-small cell lung cancer, SCLC: small cell lung cancer, STMs: serum
tumor markers.

excluded due to being duplicates (n = 132) or not fulfilling the inclusion criteria as follows: irrelevant
study design (n = 134), case reports (n = 36), wrong patient population/setting (n = 15), not English
language (n = 7), irrelevant outcome(s) (n = 2) (Fig. 2).

3. Predictive STMs for treatment response (measured at baseline)

A key objective of identifying predictive STMs in patients with lung cancer is to enable appropriate
use of immunotherapy or targeted therapies and to personalize treatment by predicting response prior
to treatment initiation, using baseline samples. Several STMs have demonstrated predictive value for
treatment response in patients with advanced NSCLC receiving immunotherapy or targeted therapy
(Table 2 and Fig. 3A and B).

3.1. Predictive STMs in patients treated with immunotherapy

Increased baseline levels of serum CYFRA21-1 and CEA may predict immunotherapy treatment
response in patients with advanced NSCLC or SCLC. Shirasu et al. [47] described pre-treatment
CYFRA21-1 levels ≥2.2 ng/mL as an independent predictor of prolonged PFS in patients with
advanced NSCLC (n = 50) receiving second- or later-line nivolumab (median PFS 155 vs. 51.5 days for
CYFRA21-1 <2.2 ng/mL) [47]. In contrast, Dall’Olio et al. [48] reported that patients with stage IIIB/IV
NSCLC who received anti PD-1/PD-L1 treatment and had baseline CYFRA21-1 levels >8 ng/mL had
shorter OS than patients with baseline CYFRA21-1 levels ≤8 ng/mL, whilst baseline CEA levels
>8 ng/mL were not correlated with OS [48].
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Table 2

Summary of outcomes for predictive STMs in advanced lung cancer
Reference Study Disease STM Assay PFS OS RR Other
(year) type (stage), histology,

n
(cut off) method (kit/

instrument)
Median PFS (95%
CI), P-value

HR (95% CI),
P-value

Median OS (95%
CI), P-value

HR (95% CI),
P-value

% Responders,
P-value

HR (95% CI),
P-value

parameters

Predictive STMs in patients treated with immunotherapy
Shirasu (2018) Retrospective Advanced NSCLC

(stage IV),
adenocarcinoma,
n = 50

CEA (<5.0 vs.
≥ 5.0 ng/mL)

CLIA (Architect
kit; Abbott)

– Univariate
analysis: 1.05
(0.54–2.03), 0.888

– – – – –

CYFRA21-1 (≥2.2
vs. <2.2 ng/mL)

CLEIA
(Lumipulse Presto
kit; Fujirebio)

155 (65–275) vs.
51.5 (36–70) days
–

Multivariate
analysis: 0.44
(0.23–0.85), 0.015

– – – – –

Dall’Olio (2020) Retrospective Advanced NSCLC
(stage IIIB/IV),
squamous,
non-squamous, test
set, n = 133;
validation set,
n = 74;
chemotherapy
control set, n = 89

CEA (>8.0 ng/mL) CLIA (Access
CEA kit/DXI
instrument;
Beckman Coulter)

– – – Pooled
multivariate
analysis: 1.58
(1.06–2.33), 0.024

– – –

CYFRA21-1 (>8.0
vs. ≤8.0 ng/mL)

TRACE (Kryptor
compact plus;
Thermo Fisher
Scientific)

– – Pooled analysis:
3.0 (1.9–4.1) vs.
17.7 (11.4–24.0)
months, –

Pooled
multivariate
analysis: 1.90
(1.24–2.93), 0.003

– – –

Kataoka (2018) Retrospective Advanced NSCLC
(–), squamous,
non-squamous,
n = 189

CEA (≥13.8 vs.
<13.8 ng/mL)

CLEIA (ND) – Adjusted HR: 1.72
(1.17–2.53), 0.005

– – – – –

CYFRA21-1
(≥5.05 vs.
<5.05 ng/mL)

CLEIA (ND) – Adjusted HR: 1.19
(0.82–1.73), 0.36

– – – – –
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Huang (2020) Retrospective Advanced NSCLC
(stage IIIB/IV),
squamous cell
carcinoma,
adenocarcinoma,
n = 61

CEA (≤5.0 vs.
>5.0 ng/mL)

ND – 0.437
(0.225–0.846),
0.014

– 0.513
(0.240–1.099),
0.086

– – –

Lang (2019) Retrospective Advanced NSCLC
(stage III/IV/CM),
adenocarcinoma,
squamous cell
carcinoma, n = 84

CYFRA21-1
(baseline levels)

ECLIA
(CYFRA21-1
kit/cobas® e 801
instrument; Roche
Diagnostics)

– – – – – – AUC (progression/
death): 71.8%
AUC (death): 68.9%

CA19-9 (baseline
levels)

ECLIA (CA19-9
kit/cobas e 801
instrument; Roche
Diagnostics)

– – – – – – AUC (progression/
death): 67.6%
AUC (death): 64.7%

CEA (baseline
levels)

ECLIA (CEA
kit/cobas e 801
instrument; Roche
Diagnostics)

– – – – – – AUC (progression/
death): 51.1%
AUC (death): 54.6%

NSE (baseline
levels)

ECLIA (NSE
kit/cobas e 801
instrument; Roche
Diagnostics)

– – – – – – AUC (progression/
death): 44.1%
AUC (death): 53.2%

Chai (2020) Retrospective Recurrent/advanced
NSCLC (stage
IIIB/IV),
adenocarcinoma,
squamous cell
carcinoma, large
cell carcinoma,
mixed
adenosquamous,
n = 110

CEA ND – – – Univariate
analysis: 1.00
(1.00–1.00), 0.005

– – –

CYFRA21-1 IRMA (ND) – – – Univariate
analysis: 1.01
(1.00–1.02), 0.021
Multivariate
analysis: 1.04
(1.01–1.06), 0.002

– – –

(Continued)
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Table 2

(Continued)
Reference Study Disease STM Assay PFS OS RR Other
(year) type (stage), histology,

n
(cut off) method (kit/

instrument)
Median PFS (95%
CI), P-value

HR (95% CI),
P-value

Median OS (95%
CI), P-value

HR (95% CI),
P-value

% Responders,
P-value

HR (95% CI),
P-value

parameters

SCLC
Li (2021) Retrospective Advanced SCLC

(stage IIIB/IV), –,
n = 102

NSE (≥24.0 vs.
<24.0 ng/mL at
baseline)

ECLIA (Access
NSE kit/cobas e
601 instrument;
Roche
Diagnostics)

4.7 (–) vs. 8.7 (–)
months, 0.006

Multivariate
analysis: 1.93
(1.18–3.17), 0.009

15.2 (–) vs. 23.8
(–) months, 0.014

Multivariate
analysis: 2.41
(1.14–5.10), 0.021

– – –

NSE (≥24.0 vs.
<24.0 ng/mL at
3 weeks)

ECLIA (Access
NSE kit/cobas e
601 instrument;
Roche
Diagnostics)

4.5 (–) vs. 8.4 (–)
months, 0.0002

– 7.4 (–) vs. 23.3 (–)
months, <0.0001

– – – –

Predictive STMs in patients treated with targeted therapy
Tanaka (2013) Retrospective Advanced NSCLC

(stage IIIB/IV,
post-surgical
relapse),
adenocarcinoma,
squamous, large
cell, with EGFR
mutation, n = 160

CEA (>5.0 vs.
≤5.0 ng/mL)

ECLIA (Architect
i2000SR system;
Abbott)

8.6 (7.6–11.9) vs.
11.2 (7.1–16.6)
months, 0.242

0.99 (0.76–1.17),
0.918

26.0 (20.3–36.5)
vs. 39.0
(26.5–61.3)
months, 0.163

1.13 (0.88–1.46),
0.352

– – –

CYFRA21-1 (>2.0
vs. ≤2.0 ng/mL)

ECLIA (Elecsys®

2010 system;
Roche
Diagnostics)

7.5 (6.2–9.1) vs.
13.3 (10.6–18.2)
months, <0.001

1.27 (1.11–1.40),
0.002

24.8 (20.3–36.5)
vs. 37.8
(26.4–52.7)
months, 0.104

1.10 (0.85–1.41),
0.484

48.1 vs. 42.2, 0.818 – –

Fiala (2014a) Retrospective Advanced NSCLC
(stage IIIB/IV),
adenocarcinoma,
squamous cell
carcinoma, other,
n = 144

CEA (≥3.0 vs.
<3.0 �g/L)

CLIA (DXI 800i
instrument;
Beckman)

1.9 (–) vs. 2.9 (–)
months, 0.046

Univariate
analysis: 1.44
(1.00–2.08), 0.049
Multivariate
analysis: 1.72
(1.16–2.56), 0.007

8.6 (–) vs. 16.1 (–)
months, 0.116

Univariate
analysis: 1.46
(0.91–2.33), 0.119
Multivariate
analysis: 1.38
(0.85–2.24), 0.200

– – –
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CYFRA21-1 (≥2.5
vs. <2.5 �g/L)

IRMA (titration;
Beckman-
Immunotech)

1.9 vs. 3.4 months,
<0.001

Univariate
analysis: 2.06
(1.45–2.95),
<0.001
Multivariate
analysis: 2.17
(1.48–3.19),
<0.001

6.1 (–) vs. 23.8 (–)
months, <0.001

Univariate
analysis: 3.73
(2.30–6.07),
<0.001
Multivariate
analysis: 2.74
(1.63–4.61),
<0.001

– – –

Takeuchi (2017) Retrospective Advanced NSCLC
(stage IIIB/IV),
squamous cell
carcinoma,
non-squamous cell
carcinoma,
adenocarcinoma,
large cell
carcinoma,
non-small cell
carcinoma, n = 95

CEA (>5 vs.
≤5 ng/mL)

ECLIA
(HISCL-5000
system; Sysmex)

124 (–) vs. 97 (–)
days, 0.757

– 542 (–) vs. 357 (–)
days, 0.059

– – – –

CYFRA21-1 (>3.5
vs. ≤3.5 ng/mL)

ECLIA
(Lumipulse Presto
II system;
Fujirebio)

99 (–) vs. 123.5 (–)
days, 0.011

Multivariate
analysis: 2.17
(1.38–3.40),
<0.001

385 (–) vs. 607 (–)
days, 0.001

Multivariate
analysis: 1.07
(0.57–1.99), 0.838

– – –

Zhao (2017) Retrospective Advanced NSCLC
(stage IIIB/IV),
adenocarcinoma,
with EGFR
mutation, n = 177

CEA (>10.0 vs.
≤10.0 ng/mL)

CLIA (ND) 5.3 (3.6–7.0) vs.
7.8 (7.0–8.6)
months, 0.029

1.450
(1.047–2.008),
0.025

11.8 (8.5–15.1) vs.
18.8 (13.4–24.2)
months, <0.0001

2.133
(1.444–3.151),
<0.0001

43.4 vs. 69.2,
0.001

0.322
(0.166–0.625),
0.001

–

CYFRA21-1 (>3.3
vs. ≤3.3 ng/mL)

CLIA (ND) 5.9 (4.5–7.3) vs.
7.8 (6.6–9.0)
months, 0.230

1.217
(0.871–1.702),
0.250

16.5 (12.0–21.0)
vs. 14.5
(10.6–18.4)
months, 0.677

0.864
(0.583–1.282),
0.468

50.0 vs. 61.3,
0.134

0.595
(0.294–1.201),
0.147

–

NSE (>13.7 vs.
≤13.7 ng/mL)

CLIA (ND) 6.9 (4.7–9.1) vs.
6.6 (4.6–8.6)
months, 0.995

0.838
(0.598–1.173),
0.302

14.9 (11.3–18.5)
vs. 14.8
(10.6–19.0)
months, 0.909

0.896
(0.610–1.316),
0.576

56.2 vs. 53.1,
0.674

1.724
(0.861–3.452),
0.124

–

(Continued)
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(Continued)
Reference Study Disease STM Assay PFS OS RR Other
(year) type (stage), histology,

n
(cut off) method (kit/

instrument)
Median PFS (95%
CI), P-value

HR (95% CI),
P-value

Median OS (95%
CI), P-value

HR (95% CI),
P-value

% Responders,
P-value

HR (95% CI),
P-value

parameters

CA19-9 (>35.0 vs.
≤35.0 U/mL)

CLIA (ND) 5.6 (4.2–7.1) vs.
7.7 (6.1–9.3)
months, 0.472

1.108
(0.807–1.521),
0.527

14.4 (9.5–19.3) vs.
14.9 (11.0–18.8)
months, 0.306

1.277
(0.898–1.816),
0.174

50.6 vs. 58.2, 0.317 0.788
(0.416–1.492),
0.464

–

Yanwei (2016) Retrospective Advanced NSCLC
(stage
IIIA/IIIB/IV),
adenocarcinoma,
non-
adenocarcinoma,
with EGFR
mutation, n = 200

CEA (≥5.0 vs.
<5.0 ng/mL)

ECLIA (Architect
i2000SR system;
Abbott)

12.0 vs. 8.3
months, 0.055

– – – – – –

CEA (≥20.0 vs.
<20.0 ng/mL)

ECLIA (Architect
i2000SR system;
Abbott)

12.8 vs. 8.7
months, 0.016

Multivariate
analysis: 1.412
(1.042–1.913),
0.026

– – – – –

CYFRA21-1 (≥3.3
vs. <3.3 ng/mL)

ECLIA (Elecsys
200 system; Roche
Diagnostics)

9.2 vs. 12.5
months, 0.086

– – – – – –

CA125 (≥35.0 vs.
<35.0 U/mL)

ELISA (3rd
generation kit; Can
Ag)

10.0 vs. 12.0
months, 0.154

– – – – – –

Chen (2015) Retrospective Advanced NSCLC
(–), EGFR
mutation, n = 241

CEA (>32.0 vs.
5.0–32.0 vs.
<5.0 ng/mL)

ND 8.8 vs. 11.3 vs.
14.4 months,
<0.001

>32.0 vs.
<5.0 ng/mL: 1.715
(1.178–2.495),
0.005
5.0–32.0 vs.
<5.0 ng/mL: 1.181
(0.804–1.734),
0.40

17.8 (–) vs. 22.0
(–) vs. 27.9 (–)
months, 0.01

>32.0 vs.
<5.0 ng/mL: 1.718
(1.060–2.782),
0.03
5.0–32.0 vs.
<5.0 ng/mL: 1.526
(0.927–2.512),
0.10

– – –

CEA (trend and
normalization of
CEA response “yes
and <5.0” vs. “yes
but >5.0” vs. “no
response”)

ND 14.3 (–) vs. 10.6
(–) vs. 7.1 (–)
months, <0.001

– 29.7 (–) vs. 20.0
(–) vs. 16.2 (–)
months, <0.001

– – – –
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Wu (2019b) Retrospective Advanced NSCLC
(stage IIIB/IV),
adenocarcinoma,
squamous cell
carcinoma, other,
with or without
EGFR mutation,
n = 301

CEA (≥5.0 vs.
<5.0 ng/mL)

ND 9.6 (–) vs. 12.0 (–)
months, 0.013

1.594 (–), – – – – – –

Wei (2016) Retrospective NSCLC with CM
(stage I–IV),
adenocarcinoma,
squamous cell
carcinoma, with
EGFR mutation,
n = 66

CEA (>10.0 vs.
≤10.0 �g/mL)

ND 4.1 (–) vs. 9.3 (–)
months, 0.035

– 8.7 (–) vs. 16.0 (–)
months, 0.031

– – – –

Romero-Ventosa
(2015)

Cohort NSCLC (stage
I–IV),
adenocarcinoma,
squamous cell
carcinoma,
unknown, n = 58

CEA (≥5.0 vs.
<5.0 ng/mL)

ECLIA (CEA
kit/Elecsys 2010
instrument; Roche
Diagnostics)

2.8 (1.2–4.3) vs.
2.8 (1.9–3.7)
months, 0.155

0.58 (0.3–1.2),
0.161

10.2 (5.9–14.5) vs.
4.4 (2.7–6.1)
months, <0.001

0.23 (–), 0.001 – – –

CYFRA21-1 (≥3.3
vs. <3.3 ng/mL)

ECLIA
(CYFRA21-1
kit/Elecsys 2010
instrument; Roche
Diagnostics)

2.8 (2.5–3.0) vs.
3.2 (0.0–7.8)
months, 0.317

1.51 (–), 0.321 6.5 (4.3–8.6) vs.
15.0 (0.0–31.9)
months, 0.056

2.34 (0.95–6.0),
0.064

– – –

SCCA (≥1.5 vs.
<1.5 ng/mL)

TRACE (Kryptor
Brahms-Atom
instrument;
Thermo Fisher
Scientific)

2.7 (2.0–3.3) vs.
2.8 (2.0–3.7)
months, 0.500

1.36 (0.55–3.36),
0.503

6.5 (4.7–8.3) vs.
7.7 (3.7–11.7)
months, 0.184

1.87 (0.73–4.76),
0.192

– – –

Facchinetti (2015) Retrospective Advanced NSCLC
(stage IIIB/IV),
adenocarcinoma,
other, with or
without EGFR
mutation, n = 79

CEA (≥5.0 vs.
<5.0 ng/mL)

CLIA (Access
CEA kit/UniCel
DXI 800
instrument;
Beckman Coulter)

5.4 (1.8–9.0) vs.
1.9 (0.4–3.5)
months, 0.087

– 10.3 (8.4–12.1) vs.
5.1 (0.0–11.0)
months, 0.09

– – – –

(Continued)
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Table 2

(Continued)
Reference Study Disease STM Assay PFS OS RR Other
(year) type (stage), histology,

n
(cut off) method (kit/

instrument)
Median PFS (95%
CI), P-value

HR (95% CI),
P-value

Median OS (95%
CI), P-value

HR (95% CI),
P-value

% Responders,
P-value

HR (95% CI),
P-value

parameters

Ding (2019) Prospective Advanced NSCLC
(–), with EGFR
mutation, n = 28
(CEA levels
available for
n = 22)

CEA (≥3.0 vs.
<3.0 �g/L)

ECLIA (cobas e
602 instrument;
Roche
Diagnostics)

– – – 1.65 (–), 0.4 – – –

CEA (fall at 4
weeks)

ECLIA (cobas e
602 instrument;
Roche
Diagnostics)

– – – 1.8 (–), 0.3 – – –

Han (2017) Prospective Advanced NSCLC
(stage IIIB/IV),
adenocarcinoma,
squamous cell
carcinoma,
adenosquamous
carcinoma, with
EGFR mutation,
n = 100

CEA (>10 [high]
vs. 5–10 [low] vs.
<5.0 ng/mL
[normal])

Sequential CLIA
(Immulite 2000
system; Siemens
Healthineers)

6.4 (–) vs. 4.5 (–)
vs. 3.0 (–) months,
<0.0001

1.25 (1.09–1.39), – 11.9 (–) vs. 9.4 (–)
vs. 7.8 (–) months,
<0.0001

– 65.3 vs. 38.0 vs.
33.3%, high vs.
low: 0.035
high vs. normal:
0.006

– –

Pan (2014) Retrospective Advanced NSCLC,
(–),
adenocarcinoma,
n = 48

CA19-9 (≥35.0 vs.
<35.0 U/mL)

CLEIA (system
not identified;
Shu Kang
Biotechnology)

– – – – – – ORR: 0.032
(0.001–0.763),
0.033

CEA (≥5.0 vs.
<5.0 ng/mL)

CLEIA (system
not identified;
Shu Kang
Biotechnology)

– – – – – – ORR: 0.077
(0.009–0.623),
0.016
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Ramalingam
(2015)

Randomized
controlled trial

Advanced NSCLC
(stage IIIB/IV),
adenocarcinoma,
large cell, other,
n = 138

STM panel
comprising: CEA
(>3.0 ng/mL) and
CYFRA21-1
(<7.0 ng/mL)

ELISA (Architect
system; Abbott)

linifanib 7.5 mg:
10.2 (3.9–NR)
linifanib 12.5 mg:
8.3 (4.8–NR)
months

linifanib 7.5 mg:
0.49 (–), 0.049
linifanib 12.5 mg:
0.38 (–), 0.029

linifanib 7.5 mg:
12.5 (6.2–NR)
linifanib 12.5 mg:
17.4 (12.9–NR)
months

linifanib 7.5 mg:
1.02 (–), 0.758
linifanib 12.5 mg:
0.54 (–), 0.137

– – –

Fiala (2014b) Non-randomized
experimental

Advanced NSCLC
(stage IIIB/IV),
adenocarcinoma,
squamous cell
carcinoma, other,
n = 163

NSE (≥12.5 vs.
<12.5 �g/L)

IRMA (titration;
Beckman-
Immunotech)

1.1 (0.8–1.3) vs.
2.6 (1.8–3.4)
months, 0.002

2.36 (1.34–4.17),
0.003

3.7 (3.2–4.2) vs.
11.6 (7.4–15.9)
months, 0.003

1.90 (0.95–3.80),
0.071

– – –

Suh (2016) Retrospective Advanced NSCLC
(stage IIIB/IV),
adenocarcinoma,
other, with EGFR
mutation, n = 151

NSE (≥16.3 vs.
<16.3 ng/mL)

ECLIA (cobas e
170 instrument;
Roche
Diagnostics)

10.5 (8.8–12.3) vs.
15.4 (10.2–20.5)
months, 0.034

1.656
(1.083–2.534),
0.020

17.0 (11.8–25.9)
vs. 29.1
(21.8–36.4)
months, <0.001

2.671
(1.612–4.427),
<0.001

– – –

Inomata (2015) Retrospective Advanced NSCLC
(stage IIIB/IV),
adenocarcinoma,
other, with EGFR
mutation, n = 41

Serum ProGRP
(≥30.0 vs.
<30.0 pg/mL)

CLEIA (ND) No difference – No difference – – – –

Plasma NSE
(≥13.0 vs.
<13.0 ng/mL)

RIA before
December 2013
and ECLIA from
December 2013
(ND)

P = 0.013 4.69 (1.27–19.12),
0.021

P = 0.014 10.31 (2.26–59.2),
0.0024

– – –

AUC: area under curve, CA125: cancer antigen 125, CA19-9: carbohydrate antigen 19-9, CEA: carcinoembryonic antigen, CI: confidence interval, CLEIA: chemiluminescent
enzyme immunoassay, CLIA: chemiluminescent immunoassay, CM: cerebral metastases, CYFRA21-1: cytokeratin 19 fragment antigen, ECLIA: electrochemiluminescence
immunoassay, EGFR: epidermal growth factor receptor, ELISA: enzyme-linked immunosorbent assay, HR: hazard ratio, IRMA: immunoradiometric assay, ND: not disclosed,
NSCLC: non-small cell lung cancer, NR: not reached, NSE: neuron-specific enolase, ORR: objective response rate, OS: overall survival, PD-1: programmed death receptor-1,
PD-L1: programmed death-ligand 1, PFS: progression-free survival, ProGRP: progastrin-releasing peptide, RIA: radioimmunoassay, RR: response rate, SCCA: squamous
cell carcinoma antigen, SCLC: small cell lung cancer, STMs: serum tumor markers, TKI: tyrosine kinase inhibitor, TRACE: time-resolved amplified cryptate emission.
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In a retrospective study, Kataoka et al. [49] found that high CEA expression (≥13.8 ng/mL) was
independently associated with poorer PFS in patients who received nivolumab as a second- or later-line
treatment for advanced NSCLC (n = 189) [49]. Similarly, in patients treated with anti-PD-1/anti-PD-
L1/anti-CTLA-4 therapies (n = 61), Huang et al. [50] reported that elevated pre-treatment CEA levels
≥5 ng/mL were associated with significantly shorter PFS [50]. Thus, measurement of pre-treatment
serum CYFRA21-1 or CEA levels may aid prediction of response to immunotherapy; however, the
appropriate cut-off must be examined further.

Lang et al. [51] examined the predictive performance of a panel of STMs, including CEA, CA19-9,
CYFRA21-1, and NSE in patients with advanced NSCLC treated with ICI monotherapy (n = 84) [51].
Using receiver operating characteristic curve analyses, baseline levels of CYFRA21-1 were found to
have the best predictive power for disease progression or death, followed by CA19-9, CEA, and NSE
[51]. Chai et al. [52] developed an OS probability nomogram to evaluate individual risk for patients
prior to PD-1 inhibitor treatment (n = 110). The study reported that several of the parameters examined,
including baseline CEA and CYFRA21-1 levels, were positively correlated with the individual’s risk
score, such that higher baseline levels were associated with a higher risk score and hence a shortened
OS [52]; however, this study has several limitations. Given the small sample size and, most strikingly,
the absence of a comparison against data from patients receiving standard or no therapy, the predictive
role of the analyzed biomarkers emerging from this study can only be speculated.

In patients with advanced SCLC receiving first-line PD-1/PD-L1 inhibitors plus chemotherapy
(n = 102), Li et al. [53] noted that increased serum NSE levels at baseline and at 3 weeks post-treatment
were correlated with poorer clinical outcomes [53]. Further investigation into the value of baseline
serum NSE levels for predicting therapy response in a larger population of patients with advanced
SCLC appears warranted.

3.2. Predictive STMs in patients treated with targeted therapy

Several studies have reported an association between high pre-treatment CYFRA21-1 levels and
shorter PFS in patients with advanced NSCLC treated with TKI therapy. Tanaka et al. [54] found that
high CYFRA21-1 levels (>2 ng/mL) were associated with significantly shorter PFS in patients with
EGFR-mutated NSCLC (n = 160) receiving EGFR-TKIs [54]. Fiala et al. [55] also reported shorter PFS
in patients with advanced NSCLC treated with erlotinib (n = 144) who had high vs. low pre-treatment
CYFRA21-1 levels (≥2.5 vs. <2.5 �g/L) [55]. Takeuchi et al. [11] noted that patients with advanced
NSCLC treated with EGFR-TKIs (n = 95) and presenting elevated baseline serum CYFRA21-1 levels
had shorter PFS than those with normal baseline serum CYFRA21-1, regardless of EGFR status [11].
Conversely, Zhao et al. [8] and Yanwei et al. [9] found no significant association between PFS and
baseline serum CYFRA21-1 levels in patients with advanced NSCLC treated with EGFR-TKIs (n = 177
and n = 200, respectively) [8, 9]. Yanwei et al. [9] also reported no significant difference in PFS between
patients with normal and high serum CA125 levels [9]. Discrepancies between the results of these two
studies and most other studies regarding CYFRA21-1 may be due to differences in ethnicity of the
patient population, as both studies were conducted in China, or might indicate that the cut-off value
chosen (3.3 ng/mL) was not sufficiently discriminatory.

High pre-treatment levels of CEA have also been found to be an independent predictor of outcomes
in patients with advanced NSCLC treated with EGFR-TKIs, although the results are again conflicting,
possibly due to differences in trial design, patient characteristics, or the differing cut-off thresholds used.
Fiala et al. [55] observed significantly shorter PFS in patients with a high vs. low pre-treatment CEA
level (≥3 vs. <3 �g/L; n = 144) [55]. Zhao et al. [8] reported that baseline CEA expression ≤10 ng/mL
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predicted favorable outcomes in patients with advanced NSCLC and EGFR mutations (n = 177) [8].
Chen et al. [56] investigated the predictive value of CEA in patients with advanced EGFR-positive
NSCLC treated with first-line EGFR-TKIs (n = 241) and found that patients with elevated baseline

Fig. 3. (Continued)
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Fig. 3. (Continued)
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Fig. 3. Summary of STM results across reviewed literature by A) predictive value of STMs in patients treated with
immunotherapy; B) predictive value of STMs in patients treated with targeted therapy; C) prognostic/monitoring value
of STMs in patients treated with immunotherapy; D) prognostic/monitoring value of STMs in patients treated with targeted
therapy. a: Patients in the test set were treated with second-line nivolumab or atezolizumab; patients in the validation set
were treated with first-line pembrolizumab. b: Correlation is based on a positive predictive value of non-response rather
than on outcome. An elevation of CYFRA21-1, CEA, or NSE (≥50% compared to baseline) gave a positive predictive
value of 90.3% (95% CI: 40.7–59.3) of non-response. c: Treatment modalities included: targeted treatment, immunother-
apy, chemo-immunotherapy, chemotherapy, chemo-radiotherapy, radiotherapy, surgery + adjuvant chemotherapy. CA125:
cancer antigen 125, CA15-3: cancer antigen 15-3, CA19-9: carbohydrate antigen 19-9, CEA: carcinoembryonic antigen,
CYFRA21-1: cytokeratin 19 fragment antigen, EGFR-TKI: epidermal growth factor receptor-tyrosine kinase inhibitor, HE4:
human epididymal protein 4, IT: immunotherapy, NSE: neuron-specific enolase, PD-L1: programmed death-ligand 1, Pro-
GRP: progastrin-releasing peptide, SCCA: squamous cell carcinoma antigen, STMs: serum tumor markers, TT: targeted
therapy.

CEA levels had reduced PFS [56]. Wu et al. [57] also reported a significant association between higher
pre-treatment CEA levels (≥5 �g/mL) and shorter PFS in patients with EGFR mutations treated with
first-line EGFR-TKI therapy [57]. In a subset of patients with EGFR-positive NSCLC with brain
metastases (n = 66) who had undergone whole-brain radiation therapy prior to EGFR-TKI treatment,
Wei et al. [58] noted that pre-treatment CEA levels ≤10 �g/mL were associated with significantly
longer PFS and OS compared with CEA >10 �g/mL [58]. Conversely, Romero-Ventosa et al. [59]
reported that patients (n = 58) with CEA levels ≥5 ng/mL prior to treatment with the EGFR-TKI
erlotinib had significantly longer OS compared with patients who had lower CEA levels, but changes in
PFS were not significant [59]. The authors concluded that pre-treatment CEA levels may provide similar
predictive information to EGFR mutation status. The study also reported no significant correlation
between pre-treatment CYFRA 21-1 or SCCA levels and PFS or OS.

Facchinetti et al. [60] examined the correlation between survival and baseline CEA levels (≥5
vs. <5 ng/mL) in patients with EGFR mutations or wild-type/unknown EGFR status and found no
significant relationship between OS and CEA levels in the total patient population (n = 79) [60]. Sim-
ilarly, Yanwei et al. [9] found that in patients with advanced EGFR-mutated NSCLC who received
EGFR-TKI treatment (n = 200), patients with higher baseline CEA levels (≥20 ng/mL) had signifi-
cantly prolonged PFS as compared to those with lower CEA levels [9]; however, PFS did not differ
significantly between the patients when using a cut-off of 5 ng/mL. This may be due to an inappropriate
threshold being used. Ding et al. [61] reported that for patients with advanced EGFR-positive NSCLC
(n = 22) treated with gefitinib or erlotinib, high baseline CEA levels (>3 �g/L) did not predict higher
metastatic disease burden or reduced survival times [61]. In addition, no correlation between an early
decrease (within 4 weeks of beginning of treatment) in CEA levels and treatment response or sur-
vival was observed. Han et al. [62] examined whether CEA levels could predict acquired EGFR-TKI
resistance in patients enrolled for palliative care with EGFR-TKI therapy (n = 100). Whilst the study
found that pre-treatment CEA levels did not predict acquired EGFR-TKI resistance, patients with high
pre-treatment CEA levels (>10 ng/mL) benefited more from treatment in terms of PFS and OS than
patients with low (5–10 ng/mL) or normal (<5 ng/mL) CEA levels [62].

In a retrospective cohort study, Pan et al. [63] analyzed the correlation between pre-treatment STM
levels and response to EGFR-TKIs in patients with stage IIIB/IV lung adenocarcinoma (n = 48). Patients
with elevated pre-treatment levels of serum CEA (≥5 ng/mL) and CA19-9 (≥35 U/mL) had a greater
disease control rate (DCR; defined as a partial or complete response or stable disease ≥6 weeks)
and prolonged survival time, but pre-treatment serum CA15-3 and CA125 levels were not related
to outcomes [63]. Furthermore, in a randomized controlled trial, Ramalingam et al. [64] evaluated a



S252 M. van den Heuvel et al. / Tumor biomarkers in lung cancer

panel comprising CEA and CYFRA21-1 for its predictive response to treatment with linifanib (a multi-
targeted receptor TKI), in combination with carboplatin and paclitaxel as first-line therapy for patients
with advanced, non-squamous NSCLC (n = 138) [64]. A high CEA (>3 ng/mL) and low CYFRA21-1
(<7 ng/mL) signature at baseline was associated with significantly improved PFS in both treatment
arms (linifanib 7.5 and 12.5 mg) [64]. Conversely, Takeuchi et al. [11] reported no association between
elevated pre-treatment CEA levels (>5 ng/mL) and either PFS or OS in patients with advanced NSCLC
who were treated with first- and second-generation TKIs (n = 95) [11].

An association has also been reported between baseline plasma NSE levels and response to treatment
in patients receiving targeted therapy. Fiala et al. [65] reported significantly shorter PFS in patients with
high (≥12.5 �g/L) vs. low (<12.5 �g/L) pre-treatment NSE levels receiving EGFR-TKIs (erlotinib or
gefitinib; n = 163) [65]. Suh et al. [66] also found that increased baseline NSE levels were associated
with significantly shorter PFS following treatment with erlotinib or gefitinib (n = 151) [66]. However,
Zhao et al. [8] found no significant difference in PFS between patients with low (≤13.7 ng/mL) or
elevated (>13.7 ng/mL) serum NSE levels (n = 177) [8]. The predictive value of CA19-9 was also
evaluated in this study (cut-off: 35 U/mL), but no significant difference in PFS was observed between
low and high expression of this marker [8]. In gefitinib-treated patients with EGFR-mutated NSCLC
and available baseline data (n = 22), Inomata et al. [67] found that higher pre-treatment NSE levels
were significantly associated with shorter PFS and OS; however, there was no association between
pre-treatment serum ProGRP level (n = 31) and PFS or OS in this setting [67].

4. Monitoring STMs (measured serially)

4.1. Monitoring STMs in patients treated with immunotherapy

Several studies have investigated the value of dynamic changes in STMs for monitoring immunother-
apy treatment response, to allow for cost-effective and timely changes in treatment, if required (Table 3;
Fig. 3C).

Wen et al. [68] reported that patients (n = 90) with decreased CEA levels 6 weeks after anti-PD-
1-based immunotherapy relative to baseline had significantly improved disease remission rates and
significantly prolonged PFS [68]. In a small observational study (n = 10), Zhuo et al. [69] found that an
increase in CEA, CA125, or CA19-9 of >50% from baseline was associated with disease progression
after treatment with atezolizumab, although inferences from this study must be made cautiously due to
the very small number of patients enrolled [69]. Clevers et al. [70] reported that CEA or CA125 levels
elevated from baseline could be predictive of tumor progression in patients receiving PD-L1 inhibitors,
with positive predictive values of 80% (n = 73) and 75.9% (n = 53), respectively [70]. Dall’Olio et
al. [48] reported that a 20% decrease from baseline in CEA or CYFRA21-1 levels after the third
anti-PD-1/PD-L1 treatment cycle was associated with a significant increase in DCR and OS [48].

To support the predictive validation and clinical interpretation of longitudinal STMs, Moritz et al.
[71] developed a biomarker response characteristic plot and demonstrated an association between
CEA and CYFRA21-1 levels and clinical outcome (“non-response”, defined as progressive disease
based on radiologic observations after 6 months of nivolumab treatment) in a cohort of patients with
metastatic NSCLC (n = 216) [71]. Based on these plots, CEA and CYFRA21-1 tests were designed
for the detection of treatment failure, with a specificity of 96% and sensitivity of 34% and 35%,
respectively.

The value of serially assessing a panel of STMs has also been examined. Muller et al. [72] showed that
“non-response” (defined as disease control for <6 months, determined by radiologic assessment) could
be demonstrated using a panel of STMs comprising CEA, NSE, SCCA, CYFRA21-1, and CA125 in
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Table 3

Summary of outcomes for monitoring STMs in advanced lung cancer
Reference Study Disease STM Assay PFS OS RR Other
(year) type (stage), histology,

n
(cut off) method

(kit/instrument)
Median PFS (95%
CI), P-value

HR (95% CI),
P-value

Median OS (95%
CI), P-value

HR (95% CI),
P-value

% Responders,
P-value

HR (95% CI),
P-value

parameters

Monitoring STMs in patients treated with immunotherapy
Wen (2022) Retrospective Advanced NSCLC

(stage IIIB/IV),
adenocarcinoma,
squamous, n = 90

CEA (increase or
decrease, 6 weeks
post treatment)

ND – Multivariate
analysis: 1.81
(1.091–3.003),
0.022

– – – – –

Zhuo (2018) Observational Advanced NSCLC
(stage IIIB/IV),
adenocarcinoma,
squamous, n = 10

CEA, CA125, or
CA19-9 (at least
two >50% increase
over baseline)

Microparticle
CLIA (Architect
i2000SR system;
Abbott)

– – – – – – –

Clevers (2021) Retrospective,
observational

Advanced NSCLC
(stage IIIB/IV),
adenocarcinoma,
squamous, other,
n = 136a

CEA (increase or
decrease vs.
baseline)

ECLIA (cobas
3000 analyzer
series; Roche
Diagnostics)

– – – – – – AUC for disease
progression (95%
CI): 0.6487
(0.525–0.771)

CA125 (increase
or decrease vs.
baseline)

ECLIA (cobas
3000 analyzer
series; Roche
Diagnostics)

– – – – – – AUC for disease
progression (95%
CI): 0.5871
(0.424–0.751)

Dall’Olio (2020) Retrospective Advanced NSCLC
(stage IIIB/IV),
squamous,
non-squamous, test
set, n = 133;
validation set,
n = 74;
chemotherapy
control set, n = 89

CEA (≥20%
decrease vs. no
decrease)

CLIA (Access
CEA kit/DXI
instrument;
Beckman Coulter)

– – NR (NR–NR) vs.
4.0 (2.1–5.9)
months, –

0.12 (0.04–0.33),
<0.001

– – DCR (95% CI),
P-value: 12.28
(2.57–58.59),
0.002

CYFRA21-1
(≥20% decrease
vs. no decrease)

TRACE (Kryptor
compact plus;
Thermo Fisher
Scientific)

– – NR (NR–NR) vs.
4.0 (2.0–5.0)
months, –

0.19 (0.07–0.55),
0.002

– – DCR (95% CI),
P-value: 7.50
(1.73–33.03),
0.008
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Moritz (2018) Diagnostic test
accuracy

Metastatic NSCLC
(–), –, n = 216

CEA, CYFRA21-1 ECLIA (cobas
6000 analyzer
series; Roche
Diagnostics)

– – – – Increases of >50%
in CYFRA21-1
levels were
associated almost
exclusively with
non-response;
CEA increases
were associated
with an increased
percentage of
non-responding
patients

– –

Muller (2021) Prospective,
observational

NSCLC (–),
adenocarcinoma,
squamous cell,
other, n = 376

CEA (6 �g/L)
6 weeks after
treatment initiation

ECLIA (cobas
6000 analyzer
series; Roche
Diagnostics)

– – – – – – Specificity (95%
CI): 98.3%
(90.9–100)

CYFRA21-1
(4 �g/L) 6 weeks
after treatment
initiation

ECLIA (cobas
6000 analyzer
series; Roche
Diagnostics)

– – – – – – Specificity (95%
CI): 91.8%
(81.9–97.3)

NSE (20 �g/L)
6 weeks after
treatment initiation

ECLIA (cobas
6000 analyzer
series; Roche
Diagnostics)

– – – – – – Specificity (95%
CI): 96.5%
(87.9–99.6)

SCCA (3.5 �g/L)
6 weeks after
treatment initiation

TRACE (Kryptor
system; Thermo
Fisher Scientific)

– – – – – – Specificity (95%
CI):
96.5% (88.1–99.6)

CA125 (65 U/mL)
6 weeks after
treatment initiation

ECLIA (cobas
6000 analyzer
series; Roche
Diagnostics)

– – – – – – Specificity (95%
CI):
86.0% (74.2–93.7)

(Continued)
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Table 3

(Continued)
Reference Study Disease STM Assay PFS OS RR Other
(year) type (stage), histology,

n
(cut off) method

(kit/instrument)
Median PFS (95%
CI), P-value

HR (95% CI),
P-value

Median OS (95%
CI), P-value

HR (95% CI),
P-value

% Responders,
P-value

HR (95% CI),
P-value

parameters

Dal Bello (2019) Non-randomized
experimental

Advanced NSCLC
(stage IIIB/IV),
adenocarcinoma,
squamous cell,
other, n = 70

CEA (≥20 vs.
<20% reduction
from baseline)

Microparticle
CLIA (Architect
system; Abbott)

7.1 (–) vs. 1.9 (–)
months, 0.028

– 15.0 (12.7–17.3)
vs. 9.9 (8.5–11.3)
monthsb, 0.026

– 43.5 vs. 56.5, 0.021 – –

CYFRA21-1 (≥20
vs. <20% reduction
from baseline)

IRMA
(Cytokeratin 19
Fragment Kit;
Beckman Coulter)

7.9 (–) vs. 1.9 (–)
months, <0.001

0.35 (0.20–0.60),
<0.001

14.6 (12.4–16.8)
vs. 10.0 (8.4–11.6)
monthsb, 0.019

0.55 (0.28–1.07),
0.079

62.5 vs. 37.5,
<0.001

– –

NSE (≥20 vs.
<20% reduction
from baseline)

IRMA (NSE Kit;
Beckman Coulter)

4.7 (–) vs. 1.9 (–)
months, 0.300

– 12.4 (9.8–15.0) vs.
11.6 (9.9–13.4)
monthsb, 0.950

– 47.6 vs. 52.4, 0.21 – –

Lang (2019) Retrospective Advanced NSCLC
(stage IV; stage III
if otherwise
untreatable/CM),
adenocarcinoma,
squamous cell
carcinoma, n = 84

STM panel
comprising: CEA,
CA19-9,
CYFRA21-1, NSE
(STM panel
decrease vs.
increase <two-fold
vs. increase
≥two-fold from
baseline)

ECLIA (individual
kits/cobas e 801
instrument; Roche
Diagnostics)

11 (7–19) vs. 6
(3–8) vs. 2 (1–2)
months, <0.001

Multivariate
analysis: Increase
<two-fold: 1.826
(–), 0.076
Increase
≥two-fold: 9.075
(–), <0.001

NR (NR) vs. 14
(12–26) vs. 4 (3–7)
months, <0.001

Multivariate
analysis: Increase
<two-fold: 1.576
(–), 0.305
Increase
≥two-fold: 21.123
(–), <0.001

– – –

Lang (2020) Retrospective Advanced NSCLC
(stage III/IV),
adenocarcinoma,
squamous cell
carcinoma, n = 80

CEA,
CYFRA21-1,
CA19-9, and NSE
(increase from
baseline to
re-staging)

ECLIA (individual
kits/cobas e 801
instrument; Roche
Diagnostics)

3.5 (2–6) months,
<0.001

– NR (7–NR)
months, 0.055

– – – –
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CEA,
CYFRA21-1,
CA19-9, and NSE
(decrease from
baseline to
re-staging)

ECLIA (individual
kits/cobas e 801
instrument; Roche
Diagnostics)

16 (7–NR) months,
<0.001

– NR (NR–NR)
months, 0.055

– – – –

CEA,
CYFRA21-1,
CA19-9, and NSE
(increase from
baseline to
re-staging)

ECLIA (individual
kits/cobas e 801
instrument; Roche
Diagnostics)

5 (3–6) months,
0.042

– NR (10–NR)
months, 0.363

– – – –

CEA,
CYFRA21-1,
CA19-9, and NSE
(decrease from
baseline to
re-staging)

ECLIA (individual
kits/cobas e 801
instrument; Roche
Diagnostics)

9 (5–12) months,
0.042

– 15 (10–NR)
months, 0.363

– – – –

Zhang (2020) Observational Advanced NSCLC
(stage IIIB/IV),
adenocarcinoma,
squamous cell,
other, n = 308

CEA, CA125,
CYFRA21-1,
SCCA
(improvement in
≥2 vs. <2 out of 4
STMs)

ECLIA (CEA,
CA125, and
CYFRA21-1 kits;
Roche
Diagnostics) and
microparticle
CLIA (SCCA;
Architect SCC kit;
Abbott);
instruments ND

12.5 (–) vs. 5.4 (–)
months, <0.001

Original: 0.45
(0.34–0.59) –
Weighted: 0.48
(0.36–0.62),
<0.001

25.6 (–) vs. 11.7
(–) months, <0.001

Original: 0.45
(0.33–0.62) –
Weighted: 0.45
(0.32–0.61),
<0.001

– – Original ORR
(95% CI), P-value:
0.35 (0.25–0.45)
vs. 0.08
(0.04–0.12),
<0.001
Weighted ORR
(95% CI), P-value:
0.36 (0.25–0.45)
vs. 0.07
(0.04–0.12),
<0.001

Chen (2021) Retrospective Advanced or
relapsed NSCLC
(stage IIIB/IV),
adenocarcinoma,
squamous,
non-squamous,
other, n = 151

CEA (decrease vs.
increase at 6 weeks
post-treatment)

ND 10.5 (8.6–12.4) vs.
6.6 (5.4–7.8)
months, <0.001

0.477
(0.320–0.710),
<0.0001

16.5 (15.6–17.4)
vs. 13.5
(12.6–14.4)
months, 0.001

0.543
(0.339–0.871),
0.011

– – –

(Continued)
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Table 3

(Continued)
Reference Study Disease STM Assay PFS OS RR Other
(year) type (stage), histology,

n
(cut off) method

(kit/instrument)
Median PFS (95%
CI), P-value

HR (95% CI),
P-value

Median OS (95%
CI), P-value

HR (95% CI),
P-value

% Responders,
P-value

HR (95% CI),
P-value

parameters

CEA (decrease vs.
increase at
12 weeks
post-treatment)

ND 11.2 (10.2–12.2)
vs. 6.0 (4.6–7.4)
months, <0.001

0.406
(0.270–0.609),
<0.0001

16.2 (15.1–17.3)
vs. 13.8
(12.5–15.1)
months, 0.065

0.620
(0.390–0.986),
0.043

ORR: 2.469
(1.134–5.375),
0.023

– –

NSE (decrease vs.
increase at 6 weeks
post-treatment)

ND – – 15.8 (14.6–17.0)
vs. 13.6
(12.7–14.5)
months, 0.006

0.619
(0.386–0.994),
0.047

– – –

NSE (decrease vs.
increase at
12 weeks
post-treatment)

ND – – 15.3 (13.5–17.1)
vs. 15.3
(12.9–17.7)
months, 0.020

0.578
(0.353–0.947),
0.029

– – –

Monitoring STMs in patients treated with targeted therapy
Arrieta (2021) Retrospective Advanced NSCLC

(stage III/IV),
adenocarcinoma,
other, n = 748

CEA (10%
decrease from
baseline absent vs.
10% decrease from
baseline present)

Sequential CLIA
(Immulite 2000
system; Siemens
Healthineers)

7.7 (4.6–16.7) vs.
5.9 (2.9–9.2)
months, –

Adjusted: 0.71
(0.574–0.885),
0.002

– 0.75
(0.613–0.919),
0.006

– – –

CEA (20%
decrease from
baseline absent vs.
20% decrease from
baseline present)

Sequential CLIA
(Immulite 2000
system; Siemens
Healthineers)

11.9 (5.1–23.6) vs.
7.3 (2.9–11.9)
months, –

Adjusted: 0.67
(0.503–0.887),
0.005

– 0.77 (0.585–1.011)
–

– – –

Facchinetti (2015) Retrospective Advanced NSCLC
(stage IIIB/IV),
adenocarcinoma,
other, with or
without EGFR
mutation, n = 79

CEA (≥20%
reduction vs. <20%
reduction)

CLIA (Access
CEA kit/UniCel
DXI 800
instrument;
Beckman Coulter)

8.0 (–) vs. 2.1 (–)
months, 0.002

Multivariate
analysis: 0.4
(0.2–0.7), 0.003

15.5 (–) vs. 7.7 (–)
months, 0.0019

Multivariate
analysis: 0.8
(0.4–1.4), 0.380

87 vs. 13, <0.001 – –
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de Kock (2021) Non-randomized
experimental

NSCLC, n = 39;
SCLC, n = 1 (stage
IB–IVB),
adenocarcinoma,
squamous cell, not
otherwise
specified,
unknown, n = 40

CA125 ECLIA (Elecsys
CA125 II kit;
Roche
Diagnostics)

– – – – – – Median percentage
change (Q1, Q3):
PR: –63 (–83, –30)
PD: 90 (54, 102)
PR vs. PD:
P = 0.042

CYFRA21-1 ECLIA (Elecsys
CYFRA21-1 kit;
Roche
Diagnostics)

– – – – – – Median percentage
change (Q1, Q3):
PR: –67 (–76, –59)
PD: –6 (–10, 19)
PR vs. PD:
P = 0.020

CEA ECLIA (Elecsys
CEA kit; Roche
Diagnostics)

– – – – – – NS

CA15-3 ECLIA (Elecsys
CA15-3 II kit;
Roche
Diagnostics)

– – – – – – NS

HE4 ECLIA (Elecsys
HE4 kit; Roche
Diagnostics)

– – – – – – NS

NSE ECLIA (Elecsys
NSE kit; Roche
Diagnostics)

– – – – – – NS

(Continued)
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Table 3

(Continued)
Reference Study Disease STM Assay PFS OS RR Other
(year) type (stage), histology,

n
(cut off) method

(kit/instrument)
Median PFS (95%
CI), P-value

HR (95% CI),
P-value

Median OS (95%
CI), P-value

HR (95% CI),
P-value

% Responders,
P-value

HR (95% CI),
P-value

parameters

ProGRP ECLIA (Elecsys
proGRP kit; Roche
Diagnostics)

– – – – – – NS

SCCA ECLIA (Elecsys
SCCA kit; Roche
Diagnostics)

– – – – – – NS

Noonan (2018) Retrospective Advanced NSCLC
(stage IV),
adenocarcinoma
with EGFR or
KRAS mutation or
ALK or ROS1
rearrangement,
n = 142

CEA, CA125,
CA27-29, CA19-9

ND – – – – – – Of the patients
with systemic
disease
progression, 53%
with elevated CEA
at baseline also
had elevated tumor
markers at
progression. Of the
patients with CNS
only progression,
22% with elevated
tumor markers at
baseline had an
increase (≥10%
from nadir) at CNS
progression

a: n = 136 patients recruited in total, n = 73 patients with CEA levels measured, and n = 53 patients with CA125 levels measured. b: Mean OS is presented rather than median OS
as median OS was not reached. ALK: anaplastic lymphoma kinase, AUC: area under curve, CA125: cancer antigen 125, CA15-3: cancer antigen 15-3, CA19-9: carbohydrate
antigen 19-9, CA27-29: cancer antigen 27–29, CEA: carcinoembryonic antigen, CI: confidence interval, CLIA: chemiluminescent immunoassay, CM: cerebral metastases,
CNS: central nervous system, CYFRA21-1: cytokeratin 19 fragment antigen, DCR: disease control rate, ECLIA: electrochemiluminescence immunoassay, EGFR: epidermal
growth factor receptor, HE4: human epididymal protein 4, HR: hazard ratio, IRMA: immunoradiometric assay, KRAS: Kirsten rat sarcoma virus; ND: not disclosed, NR: not
reached, NS: not significant, NSCLC: non-small cell lung cancer, NSE: neuron-specific enolase, ORR: objective response rate, OS: overall survival, PD: progressive disease,
PFS: progression-free survival, PR: partial response, ProGRP: progastrin-releasing peptide, Q1: first quartile, Q3: third quartile, ROS1: proto-oncogene 1, receptor tyrosine
kinase, RR: response rate, SCCA: squamous cell carcinoma antigen, SCLC: small cell lung cancer, STMs: serum tumor markers, TRACE: time-resolved amplified cryptate
emission.
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patients with NSCLC treated with nivolumab or pembrolizumab (n = 376) [72]. By comparing baseline
STM values with follow-up values measured 6 weeks after initiation of immunotherapy, specificities
of 86% for CA125, 92% for CYFRA21-1, and >96% for CEA, NSE, and SCCA were calculated
in the validation cohort. Moreover, combined measurement of CYFRA21-1, CEA, and NSE could
predict non-response in 32.2% of patients with a specificity of 95.2% [72]. The authors concluded that
these serum marker tests can accurately detect a lack of response to treatment and may have value in
supporting a decision to discontinue treatment.

Serial measurement of a panel of STMs could also have value in monitoring for response instead of
non-response to immunotherapy; however, while this may instill confidence relating to continuation of
treatment, it will likely have less impact on clinical care than monitoring for non-response. In a small
cohort of patients with advanced NSCLC (n = 70), Dal Bello et al. [12] reported that a decrease in CEA
of ≥20% below the baseline measurement after four cycles of nivolumab was significantly associated
with favorable DCR, PFS, and OS [12]. In addition, a decrease in CYFRA21-1 of ≥20% below baseline
was significantly predictive of DCR and PFS [12]. The authors concluded that a reduction in NSE was
not significant for monitoring the efficacy of nivolumab; however, it must be noted that only 20% of
patients had NSE pre-treatment levels above the upper limit of normal (ULN), compared with 57%
who had pre-treatment CEA levels and 64% with pre-treatment CYFRA21-1 levels above the ULN,
thereby restricting the inferences that can be drawn from these data [12]. In a retrospective cohort
study that evaluated the monitoring and prognostic value of serum CEA, CA19-9, CYFRA21-1, and
NSE levels in patients treated with ICIs (n = 84), Lang et al. [51] reported that a model based on
a leading STM from a panel of several markers surpassed the power of single analyses for STM
dynamics [51]. Specifically, a decrease in the leading STM change at the first restaging was predictive
of prolonged PFS and OS [51]. In a subsequent report in patients with advanced NSCLC receiving
chemo-immunotherapy (n = 80; first-line or later), Lang et al. [10] found that a decrease in the leading
serum marker level at first restaging under chemotherapy-ICI combination therapy was associated with
significantly longer PFS [10]. Decreased STM levels were also associated with significantly longer
PFS in patients receiving subsequent mono-ICI maintenance therapy, demonstrating that change in
leading STM levels can provide additional value to radiologic monitoring. Conversely, Zhang et al.
[13] found that a ≥20% decrease in levels of fewer than two of the four STMs measured (CEA,
CA125, CYFRA21-1, and SCCA) after 6 weeks of treatment was associated with a significantly lower
objective response rate, and shorter median PFS and OS in a cohort of Chinese patients with advanced
NSCLC (n = 308) [13]. However, baseline elevations of the STMs varied considerably (55%, 52%,
60%, and 30% of patients, respectively, had levels of CEA, CA125, CYFRA21-1, and SCCA above
the ULN), potentially confounding the data. Chen et al. [73] reported that, in patients receiving PD-
1 inhibitor-based combination therapy (n = 151) with a median follow-up duration of 20.4 months,
decreased post-treatment levels of CEA were independent predictors of treatment response (6 weeks
post-treatment, odds ratio [OR]: 4.209; 12 weeks post-treatment, OR: 7.267) [73]. Taken together, the
findings from these studies suggest that a panel of STMs including CYFRA21-1, CEA, NSE, CA125,
CA19-9, and SCCA could aid treatment monitoring in patients with advanced lung cancer receiving
immunotherapy.

4.2. Monitoring STMs in patients treated with targeted therapy

The monitoring value of STMs has also been investigated in patients with advanced NSCLC receiv-
ing targeted therapies (Table 3; Fig. 3D). Arrieta et al. [74] reported that prolonged PFS and OS
correlated with a decrease in CEA levels from baseline throughout first-line chemotherapy or TKI
therapy (n = 721) [74]. Facchinetti et al. [60] reported that, in patients with tumors harboring EGFR
mutations or with wild-type/unknown EGFR status, those showing a ≥20% reduction compared with
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baseline CEA levels 4 weeks post TKI-treatment had significantly prolonged OS and PFS compared
with patients who had a smaller reduction in CEA [60]. The effect on OS was maintained in a subset
of patients with wild-type/unknown EGFR status but not in patients with EGFR mutation-positive
tumors. These findings suggest that serum CEA measurement could provide a non-invasive method
for monitoring in advanced NSCLC, but further investigation and validation, particularly surrounding
the relationship with EGFR mutation status, will be necessary to confirm this.

de Kock et al. [75] evaluated the value of CA125, CEA, CA15-3, CYFRA21-1, HE4, NSE, ProGRP,
and SCCA in patients with NSCLC (n = 39) and SCLC (n = 1) who received immunotherapy (40%),
targeted therapy (23%), chemotherapy (5%), or a combination of these [75]. The STMs with a baseline
concentration exceeding specified cut-off values were monitored. Of these, the median percent changes
in CA125 and CYFRA21-1 levels were significantly lower (CA125: n = 20, P = 0.042; CYFRA21-1:
n = 25, P = 0.020) in patients with partial response compared with levels in patients who had progressive
disease at the first computed tomography scan. No significant change was observed for the other STMs
evaluated. Thus, measurement of CYFRA21-1 and possibly CA125 levels could aid monitoring therapy
response and early detection of disease progression in patients with lung cancer.

Noonan et al. 2018 measured CEA, CA125, CA19-9, and cancer antigen 27–29 (CA27-29) levels
during TKI treatment in patients whose tumors harbored EGFR (n = 50) or KRAS (n = 28) mutations,
or ALK (n = 60) or ROS1 (n = 4) rearrangements, and reported that a biomarker increase of ≥10%
from nadir (the lowest level reached after starting treatment before disease progression) was observed
in 53% of patients with systemic progression and 22% of patients with central nervous system-only
progression [76]. CEA was elevated in 82% of patients diagnosed with NSCLC at stage IV but was
only elevated in 50–52% of patients diagnosed at earlier stages, highlighting the stage dependency of
CEA.

5. Discussion

This scoping review gathered current evidence around the predictive and monitoring value of existing
circulating STMs for patients with advanced NSCLC or SCLC receiving immunotherapy or targeted
therapy. The search retrieved 362 publications, of which 36 relevant articles were included in this review.
Of the 36 included, 29 described retrospective studies, two were observational studies, three were non-
randomized experimental studies, one was a randomized controlled study, and one was a diagnostic test
accuracy study. Only one SCLC study was identified by the search and included in this review (Li et al.
[53]), highlighting a clear knowledge gap for this indication. The majority of studies assessed individual
biomarkers, and the STMs most often examined were CEA, CYFRA21-1, and NSE. Measuring a panel
of STMs also appears to be a promising approach, based on both the published articles found in our
literature search and data presented at recent international congresses [77–81]. Overall, we observed
that i) STMs may add value for predicting treatment response in patients with advanced lung cancer
receiving immunotherapy (Fig. 3A), and ii) STMs may be useful as a monitoring tool for patients
with advanced lung cancer receiving either targeted therapy or immunotherapy (Fig. 3C and D). The
predictive value of STMs for patients treated with targeted therapy (Fig. 3B) is less clear, with several
studies reporting conflicting results, possibly due to differences in the timing of baseline measurements,
patient ethnicity, and the STM level cut-off thresholds used [8, 9, 11]. Another explanation might be
that for targeted treatments, the mechanism of treatment resistance and the onset thereof has more of
an influence on PFS and OS than STM levels prior to treatment.

It is important to note that many of the studies evaluated did not discriminate between predictive
STMs (those measured at baseline and being indicative of therapeutic effect) and prognostic STMs
(those indicative of patient outcome, independent of therapeutic agent received). Instead, these studies



S262 M. van den Heuvel et al. / Tumor biomarkers in lung cancer

only showed a relationship between baseline STM measurements and patient outcome. Moreover,
separating prognostic significance and the prediction of treatment effects remains difficult, particularly
in studies lacking a control arm, or when there is no direct mechanistic connection between a given
STM and a therapeutic agent. In light of this, we must consider whether high STM levels at baseline
could be indicative of a more advanced or aggressive disease at treatment initiation (compared with
lower STM levels), rather than specifically being predictive of an unfavorable response to treatment.

Whilst the predictive benefit of STMs is unclear, particularly for patients receiving targeted treat-
ments, one could compare them to other indicators of therapeutic response such as PD-L1 staining [82],
tumor mutational burden [83], and EGFR-mutation status [84]. These indicators are not overly precise
or specific, nor do they have widely accepted cut-off thresholds, yet they are still useful for guiding
therapeutic decision making. Provided STMs give clear predictive information on the effectiveness or
non-effectiveness of immunotherapies and targeted therapies for a proportion of patients (e.g., for 30%
of patients with 95% specificity), they could have real clinical value, particularly as more treatment
options become available and predictive STMs become better characterized and validated.

When serial STM measurements were used to monitor response to treatment for both immunotherapy
and targeted therapy, all studies evaluated presented a negative correlation between STM concentration
change and clinical outcome (Fig. 3C and D), meaning that increases in STM levels after the start of
treatment were associated with worse clinical outcomes and vice versa. Since all studies showed this
relationship, this demonstrates the potential utility of STMs as a tool to monitor targeted treatment
and immunotherapy in patients with advanced lung cancer. As cancer treatment becomes ever more
personalized, based on the precise genetic alterations detected in each tumor, continued research into
the most appropriate STM for use during therapeutic monitoring will also be necessary. Increasing
coordination between drug and diagnostics development arms is likely to be paramount in the future, to
develop both a mutational test and a specific monitoring assay to correlate with each precisely targeted
treatment agent.

Based on this review, there is currently no consensus on i) the optimal STM sampling time points
for baseline and serial measurements, ii) the cut-off thresholds and change in STMs that can be used
to predict or monitor response/non-response, iii) the relevant clinical events to predict or monitor
therapeutic efficacy, and iv) the required sensitivity, specificity, or positive/negative predictive values
to enable clinical application. An additional relevant consideration concerns the unmet clinical need and
for what clinical purpose the STM can be of most value. For monitoring, this could be accurate detection
of response or non-response to treatment to support either continuation or discontinuation of treatment.
For instance, monitoring STMs may provide clinical utility in patients treated with immunotherapy
where radiologic follow-up may be difficult to interpret due to phenomena like pseudo-progression or
the absence of target lesions.

Measurement of STMs has several advantages, including low costs, general availability, low risk
to the patient, and short turn-around times. STM monitoring may qualify as informative companion
diagnostics during treatment and over the course of the disease. A major challenge and complication,
however, is that STM tests are not well harmonized, with various methodologies and systems used
across the studies evaluated herein, and it is important to note that results obtained for one measurement
system might differ from another [85]. For the time being, therapeutic decisions should not and cannot
be based on STM measurements alone but must always be considered in the context of other factors,
including a patient’s tolerance to treatment and imaging results. Stepwise diagnostic pathways, incor-
porating STMs with other clinical and radiologic measures should be the focus of future development,
with the ultimate aim of i) improving patient guidance; ii) limiting the harm caused by treatment side
effects; and iii) reducing economic burden of lung cancer treatment.

Our review emphasizes that evidence for the clinical application of STMs is not sufficient for high-
grade clinical guideline recommendations and further research is needed; however, given the current



M. van den Heuvel et al. / Tumor biomarkers in lung cancer S263

therapeutic landscape, using STMs for monitoring purposes seems most promising, with the majority of
evidence concerning CEA and CYFRA21-1. There is a clinical need for better monitoring of response
to immunotherapies on a biochemical level. STMs that correlate with tumor mass or tumor cell activity
may be accurate and cost-efficient tools for at least a portion of patients and therefore could be of added
value, particularly when combined with other molecular or radiologic exams. Inclusion of such STMs,
particularly in prospective immunotherapy studies, is therefore recommended. In clinical practice,
there is currently little need for predictive STMs as treatment options for advanced lung cancer are
limited and therapeutic decisions are based on histopathologic and molecular tumor characteristics,
radiologic staging, and patient performance status. Given their inherent limitations, STMs alone are
unlikely to change current predictive practices; however, there may be a place for them in combination
with other biomarkers in future predictive models.

In conclusion, we found that baseline and dynamic changes in STM levels may be of added value in
the context of prediction of treatment outcome and monitoring of patients with advanced lung cancer
during and after treatment with targeted or immunotherapies. However, further research into the utility
of STMs in routine clinical care of patients with advanced lung cancer is warranted.
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