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Abstract. The optimal positioning and usage of serum tumor markers (STMs) in advanced non-small cell lung cancer
(NSCLC) care is still unclear. This review aimed to provide an overview of the potential use and value of STMs in routine
advanced NSCLC care for the prediction of prognosis and treatment response. Radiological imaging and clinical symptoms
have shown not to capture a patient’s entire disease status in daily clinical practice. Since STM measurements allow for a
rapid, minimally invasive, and safe evaluation of the patient’s tumor status in real time, STMs can be used as companion
decision-making support tools before start and during treatment. To overcome the limited sensitivity and specificity associated
with the use of STMs, tests should only be applied in specific subgroups of patients and different test characteristics should
be defined per clinical context in order to answer different clinical questions. The same approach can similarly be relevant
when developing clinical applications for other (circulating) biomarkers. Future research should focus on the approaches
described in this review to achieve STM test implementation in advanced NSCLC care.
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1. Introduction

Lung cancer is the leading cause of cancer-related deaths worldwide, since more than 50% of patients
are diagnosed at advanced disease stage where curative treatment is no option for most patients [1–4].
Lung cancer has historically been divided into non-small cell lung carcinoma (NSCLC) and small
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cell lung carcinoma (SCLC), accounting for approximately 85% and 15% of all established lung
cancer cases, respectively [3]. For advanced stage NSCLC patients, treatment has revolutionized and
significantly improved overall survival in the last decade with the introduction of small molecule
inhibitors (SMIs) and immune checkpoint inhibitors (ICIs) [5, 6]. Other new treatment modali-
ties (e.g., antibody-drug conjugates (ADCs), cytokine therapy, chimeric antigen receptor (CAR)-T
cell therapy, etc.), are emerging, augmenting the treatment landscape for this subgroup of patients
[7].

The arrival of these novel treatment options enables personalized medicine, but also increases the
need for treatment guidance for the clinician in order to make the most optimal treatment decisions.
To aid the decision-making process, there is a clinical need for tools that enable the prediction of
prognosis and treatment response. The prediction of prognosis can be defined as prediction of the
probable or expected development of a disease, including whether and how quickly symptoms will
improve, worsen, or remain stable over time, regardless of treatment [8] (Fig. 1). Estimating prognosis
can be useful for the selection of patients for a certain treatment [8]. Prediction of treatment response
on the other hand, will give information about the effect of a therapeutic intervention [8]. From a
clinical point of view, the main interest is to predict which patients will not respond to treatment
or who will develop treatment resistance during course of treatment since this requires change in
therapeutic strategy. Treatment response prediction can be subdivided into primary treatment response
and secondary treatment resistance [9]. In case of primary non-response, patients do not respond to
the initially given treatment. In secondary treatment resistance, patients relapse after a period of initial
response to treatment due to the development of tumor evasion mechanisms [9]. For both scenarios,
early identification of resistance is crucial to adjust treatment, avoid the loss of valuable time and
occurrence of undesirable adverse events, and reduce unnecessary treatment costs. The definition of
early primary treatment response prediction refers to prediction before the first moment of radiological
response assessment (T1), which is often after six weeks of treatment [10]. Early identification of
secondary treatment resistance on the other hand, refers to identification of treatment resistance before
clinical and/or radiological progression is observed after an initial clinical and/or radiological response
(Fig. 1). Which biomarker is most suitable to predict prognosis and to identify this primary and/or
secondary progression, however, is still an open question.

Serum tumor markers (STMs) are circulating protein-based molecules that are produced by tumor
cells or other cells of the body in response to cancer or certain benign diseases [11, 12]. Their serum

Fig. 1. Timeline illustrating the definitions of prediction of (a) prognosis, (b) early primary treatment response, and (c)
secondary treatment resistance.
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level alterations have shown to reflect tumor mass, making them valuable in predicting prognosis and
evaluating response to treatment during follow-up. Results have shown that CA 125 antigen (CA-125),
carcinoembryonic antigen (CEA), Cytokeratin 19 fragment (Cyfra 21.1), and Squamous Cell Carci-
noma antigen (SCC-Ag) are associated with NSCLC disease [13, 14]. However, the optimal positioning
and usage in daily clinical practice is still unclear since studies often investigated small and heteroge-
nous patient populations, included patients with comorbidities that can influence the STM levels, and
used different non-harmonized measurement systems and reference values for STM concentrations
(unpublished data,15). Furthermore, there is a lack of comparison with other existing prognostic and
predictive biomarkers to assess the added value of STM level measurements (unpublished data).

This review aims to highlight the unmet needs in current practice in prediction of (a) prognosis, (b)
early treatment response, and (c) secondary treatment resistance in advanced NSCLC patients from a
clinician’s perspective. Moreover, we will address STM implementation requirements and challenges.
Finally, we will discuss the value of STMs as decision-making support tools in advanced NSCLC
patients as available in daily clinical practice.

2. Unmet needs in current practice in prediction of prognosis and response to treatment

2.1. Prediction of prognosis

Currently, prognosis prediction in NSCLC patients is predominantly based upon TNM stage, histol-
ogy, gender, age, and performance status [16]. These characteristics, however, have not shown to be
ultimate in predicting the outcome for the individual patient due to tumor heterogeneity and immune
response heterogeneity of the host [17]. As a consequence, patients may not receive proper treat-
ment and be under- or overtreated for their disease. Undertreatment, which is defined by insufficient
treatment of the disease, may result in an increased risk of mortality, deterioration in quality of life,
and increased health care costs [18]. Overtreatment on the other hand, which is defined by excessive
dosing or too frequent treatment, may additionally cause an increased risk in treatment-related toxi-
cities [19]. Therefore, there is an urgent need to identify biological variables that directly reflect the
disease process during course of disease and that can be easily implemented in routine care. The clear
advantage of the implementation of such variables would be the facilitation of shared decision-making,
patient education and counselling, and the improvement of personalized treatment within subgroups
of advanced NSCLC patients.

2.2. Prediction of early treatment response

Regardless of the type of treatment, the gold standard for response assessment in advanced NSCLC
patients is based on tumor dynamics observed with radiological imaging using the Response Evaluation
Criteria in Solid Tumors (RECIST) (version 1.1) [20]. However, these dynamics are reliant on human
measurement, which is rather subjective, and can only be observed with a delay of several weeks after
initiation of systemic treatment [21]. Furthermore, treatment-specific limitations of early radiological
response assessment have also been identified. In patients treated with SMIs, a decrease in tumor density
has also shown to reflect response to treatment, even in the absence of a decrease in size of the target
lesions [22]. For patients treated with ICIs, inappropriate discontinuation of treatment can be the result
of (a) a response after an initial increase in the total tumor burden, also called pseudoprogression, or (b)
a response in the presence of new lesions, also called mixed response [20]. These limitations highlight
that radiological imaging does not suffice to guide early clinical decision-making and its standalone
use in daily clinical practice may result in relatively late and potential inappropriate (dis)continuation
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of treatment. Therefore, there is a need for a predictive biomarker with rapid kinetics that directly
reflects a tumor’s clinical and biological behaviour to be able to determine response early after start of
treatment.

2.3. Prediction of secondary treatment resistance

In the follow-up of advanced NSCLC treatment, radiological imaging also plays a prominent role in
response assessment. However, repeated radiological assessment is time-consuming, costly, and results
in a significant increase in radiation exposure for the patient [20, 22]. In literature, a probability of 30%
was reported of misclassifying the presence of tumor progression, resulting in ineffective treatment
continuation in almost one-third of patients [23]. RECIST 1.1-specific limitations additionally include
(a) the issue of non-measurable disease (e.g. due to pleural effusion or bone metastases), (b) the lack of
visualization of extra-thoracic disease activity when performing a thoracic CT-scan, and (c) unreliable
response assessment at short follow-up intervals (from three to four weeks) [10]. In daily clinical
practice, approximately one-third of all advanced NSCLC patients are not evaluable for RECIST 1.1
assessment during follow-up of treatment and can therefore not be monitored accurately (unpublished
data of the authors). Furthermore, radiological assessment may not correspond to the clinical benefit
experienced by the patient (e.g. patients radiologically categorized as stable disease according to
RECIST 1.1, but having progressive symptoms [24–26]). These drawbacks highlight the need for a
predictive monitoring biomarker that is able to predict development of progressive disease during
treatment, in order to enable an early treatment switch.

3. Requirements and challenges to implement STMs as biomarker tests

The biomarker development process is a multiphase process that can be schematically subdivided into
pre-analytical validation, analytical validation, clinical validation, demonstration of clinical utility, and
regulatory approval [27]. For predictive biomarkers, clinical validity refers to the ability of a predictive
assay to reliably divide the patient population into distinct groups with different expected outcomes
to a specific treatment. The validation criteria are determined by the question that the biomarker must
address and mainly comprise (pre)analytical stability and accuracy, predetermined clinical sensitiv-
ity/specificity criteria, reproducibility, and cut-off point on the receiver operating characteristics (ROC)
curve of the assay. The optimal cut-off point of the assay is the point on the ROC curve corresponding
to a positive (PPV) and negative predictive value (NPV) best suited to the clinical context. This cut-off
point should be externally validated in an independent dataset reflecting the intended target population
before obtaining regulatory approval. For the individual patient, PPVs and NPVs are the most valuable
test characteristics, since these statistics consider the prevalence of a condition and therefore allow the
clinician to estimate how likely it is an individual patient has this specific condition investigated by the
biomarker [27, 28]. For prognostic biomarkers, it is necessary to evaluate the effect of an interaction
between the biomarker and treatment, and use of the biomarker should subsequently result in a sig-
nificant difference in survival between distinct groups with different expected outcomes to a specific
treatment [27]. The clinical utility corresponds to the question whether the results of the biomarker
support specific decisions or actions that result in improvement of patient overall survival. This step
is carried out under the rationale that the methods used for biomarker assessment are predetermined
and that the clinical validation results confirm the prognostic and predictive ability of the marker [27].

An ideal tumor marker should have the following characteristics: (a) it should be highly specific
to a given tumor type, (b) it should be highly sensitive to avoid false positive results, (c) it should
provide a lead-time over clinical diagnosis, (d) its levels should correlate with tumor burden, (e) it
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Fig. 2. Early assessment of secondary progression.

should have a short half-life, (f) the test should be relatively simple and cheap, and (g) specimens
should be easily obtained [29]. STMs in advanced NSCLC have shown to approximately meet most
of the above-mentioned criteria, since their serum levels may precede tumor dynamics observed by
radiological imaging, their concentration tends to reflect the extent of tumor mass or the presence of
occult metastatic disease, most of them have a half-life between hours and days, they are easy and
inexpensive to analyse, and they can be easily obtained by peripheral blood draw (Fig. 2) [30–33].
However, STMs are not specific for NSCLC disease and may also be elevated in patients with benign
comorbidities and in case of treatment-related toxicities [34–36]. Furthermore, limiting sensitivity
is a challenge, since STMs have shown to be mainly elevated in a subgroup of patients based on
histological type (e.g. adenocarcinoma), tumor extension (e.g. advanced stage disease), and tumor
mutational status (e.g. EGFR mutations), reaching exclusively higher sensitivity rates in these specific
subgroup populations of advanced NSCLC patients [37]. Due to the limited sensitivity and specificity,
the lack of prospective validation in large patient cohorts, and the lack of comparison with other existing
prognostic and predictive biomarkers, current guidelines do not offer any consensus recommendations
for the use of STMs in prognosis prediction and therapeutic monitoring of lung cancer [13, 38].

4. STMs as decision support tools for advanced NSCLC in daily clinical practice

In order to solve the unmet needs in prediction of prognosis and response to treatment, different
test-specific characteristics are requested dependent on which clinical question has to be answered.
Here, we describe several clinical scenarios to illustrate which test characteristics are needed and which
approaches can be used to obtain these test characteristics.

4.1. Prediction of prognosis

Prognostic biomarkers inform the clinician about an increased likelihood of a certain clinical out-
come, allowing for the selection of therapy or intensity of monitoring during treatment [8]. To be used
as prognostic biomarkers, STMs should be able to differentiate patients based on survival outcome.
Additionally, STMs can be used as therapeutic prognostic classifiers if they are able to identify a subset
of patients who have a good prognosis when undergoing a certain treatment [39]. In patients diagnosed
with stage III disease for example, higher STM levels may identify patients with a significant worse
prognosis [40]. These patients could potentially benefit from stage IV treatment (e.g., with SMIs or
ICIs) (Fig. 3A). The same approach could be applied for patients achieving radiological complete
remission, partial response, or stable disease during treatment (Fig. 3B). Identifying which patients
could benefit from additional treatment (e.g., dual ICI therapy, radiotherapy, chemotherapy) due to the
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Fig. 3. Flowcharts showing two potential scenarios for the treatment management of (A) stage III and (B) stage IV advanced
NSCLC patients. Abbreviations: NSCLC, non-small cell lung cancer; STMs, serum tumor markers; OS, overall survival;
SOC, standard of care.

presence of micrometastases, should lead to a significantly improved survival rate in each subgroup
of patients. To reduce overtreatment on the other hand, STM levels may show which patients treated
with ICIs achieving a radiologically assessed partial response have approximately the same prognosis
as patients with a complete remission. In these patients, treatment could potentially be discontinued
earlier than per protocol [41].

4.2. Prediction of early treatment response

For the prediction of early treatment non-response, a high specificity is required to prevent inappro-
priate discontinuation of treatment in patients who potentially benefit from treatment [15]. Furthermore,
the biomarker should be of added value next to currently used standard tests (e.g. radiological response
and clinical assessment) [15]. Recently, Schuurbiers et al. showed that in advanced NSCLC patients
treated with first-line ICIs, the CT-scan yields a specificity and sensitivity of approximately 96% and
33%, respectively, for prediction of non-response [42]. Previous results obtained by Muller et al. and
Van Delft et al. showed that it is possible to obtain a high specificity with a developed STM test
that predicts early non-response to ICI treatment [15, 43]. However, sensitivity rates per STM ranged
between 5-32%. The combinatorial use of multiple STMs, yielded a sensitivity range between 30–38%
[15]. This approach would therefore be preferred compared to the use of single STMs and could com-
plement the radiological assessment. Indeed, STMs have shown to be able to distinguish radiological
pseudoprogression from true progression in patients treated with ICIs, resulting in a high specificity
of identifying non-responders [44–46]. Combining STM models with RECIST will be the next step
towards improving early assessment of the disease status.

The prevalence of response directly influences the certainty with which a clinician can inform
patients about their chance of responding to treatment. In subgroups with higher response rates (e.g. in
patients treated with targeted therapy like ALK, ROS, EGFR, RET, NTRK, BRAF or MET), the PPV is
relatively higher when compared to patient subgroups with lower response rates (e.g. in patients treated
with ICIs) when applying a test with the same sensitivity and specificity (Example 1) [47, 48]. In these
subgroups, applying a STM test allows the clinician to inform patients more accurately about their
chance of response to treatment when compared to patient subgroups with lower response rates. On the
other hand, the probability of identifying response in these patients based on radiological assessment is
already relatively high. Applying a STM test as a companion biomarker next to radiological assessment
in patient subgroups with low prevalence of response rates could therefore be of added value to increase
the overall detection rate of response.
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Example 1:
In case of ALK-positive advanced NSCLC patients, the response rate to first-line alectinib treatment

is approximately 83% [47]. Applying a STM test with a sensitivity of 30% and specificity of 95%,
would result in a PPV and NPV of 96% and 22%, respectively (Table 1).

Table 1

Response to
treatment

No response
to treatment

Total number
of patients

+ 25 1 26
– 58 16 74
Total number of patients 83 17

In case of advanced NSCLC patients treated with second-line nivolumab, the response rate is approx-
imately 19% [48]. Applying a STM test with a sensitivity of 30% and specificity of 95%, would result
in a PPV and NPV of 60% and 86%, respectively (Table 2).

Table 2

Response to
treatment

No response
to treatment

Total number
of patients

+ 6 4 10
– 13 77 90
Total number of patients 19 81

4.3. Prediction of secondary treatment resistance

The same criteria for determining specificity and sensitivity minimum cut-off values as described for
early treatment response can also be applied in the case of secondary treatment resistance prediction.
In the case of secondary treatment resistance however, a lower sensitivity of the STM test could be
accepted since repeated measurements will take place. Repeated measurements provide a predictive
advantage over single observations as they capture changes in individual patients over time and are
less sensitive to measurement errors, thereby increasing the sensitivity rate of a test [49]. Since STMs
also reflect extra-thoracic disease activity, we expect that sensitivity of STMs will be higher when
compared to CT-imaging during follow-up of treatment. Sensitivity can on the other hand be reduced
in the prediction of secondary treatment resistance due to elevated STM levels in patients experiencing
treatment-related adverse events or (benign) comorbidities (Fig. 4). A simultaneous increase in STM
levels and decrease in total size of the determined target lesions should therefore be interpreted with
caution, and always correlated to the clinical symptoms experienced by the patient.

The applicability of STMs for multiple treatment modalities makes them suitable biomarkers to
be continuously used for response monitoring during course of subsequent lines of treatment. This
can provide both patient and doctor an overview of the disease control, independent of the treatment
modality and prevent the necessity to apply a specific follow-up biomarker for each line of treatment
(Fig. 5). However, depending on the context and the clinical question asked, different criteria should
be applied when using the STM tests.
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Fig. 4. Serum tumor marker dynamics in immunotherapy-related pneumonitis.

Fig. 5. Monitoring of multiple treatment modalities.

5. Conclusion

There is no consensus in current clinical practice on the optimal positioning and usage of STMs. In
this review, we attempted to provide an overview of the potential use and value of STMs in advanced
NSCLC patients. From a clinician’s point of view, radiological imaging and clinical symptoms are
often not sufficient to capture a patient’s disease status and therefore additional tools are necessary.
STM measurements allow for a rapid, minimally invasive, and safe evaluation of the patient’s tumor
status in real time. From a patient’s point of view, the use of STMs can help giving patients a more
tangible way of having insight into their disease process next to radiological imaging. This could help
them understand why (dis-)continuation and/or change of treatment is necessary from a doctor’s point
of view, thereby facilitating shared decision-making, patient education and counselling. Based on the
unmet needs in current practice in prediction of (a) prognosis, (b) early treatment response, and (c)
secondary treatment resistance, considering the requirements and challenges to implement STMs in
routine care and the value of STMs as decision-making support tools, we believe that the limitations
identified during STM biomarker development can be overcome by applying different, specific test
characteristics per clinical context. Also, the presented clinical applications can similarly be relevant
when developing clinical applications for any other (circulating) biomarker (e.g. cell-free tumor DNA
(ctDNA), circulating tumor cells (CTCs)). Future research should apply the approaches described in
this review to achieve STM test implementation in advanced NSCLC care.
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