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Abstract

Epidermal growth factor (EGF) is an important ligand for the epidermal growth factor receptor (EGFR), the overexpression of

which is directly related to the genesis of some epithelial tumors, including non-small cell lung cancer (NSCLC). Therefore, EGF is
considered both a marker of cancerous disease and a target for its treatment. However, some methodological problems related to
the quantification of this molecule have been affecting its use as a biomarker for disease diagnosis, prognosis, response prediction,
and therapy monitoring. CIMAvax-EGF® is a Cuban vaccine for the treatment of NSCLC, targeting EGF. In the last five years, several
biomarkers have been proposed for the personalized indication of this vaccine, which have shown limitations in predicting and
explaining the response to therapy in some patients. Here we comparatively review these potential predictors of vaccine success
and hypothesize that the performance of pretreatment serum EGF concentration, the efficacy biomarker currently in use, is limited
by variability in serum EGF quantitation due to: the progressive release of EGF by platelets during serum collection, interindividual
differences in platelet count, and different EGF expression caused by the functional single nucleotide polymorphism (SNP) EGF
+61G>A. In addition, we discuss the impacts of standardizing serum collection and normalizing serum EGF concentration, on the
discriminatory capacity (diagnostic accuracy) of several EGF-related biomarkers described in a more recently conducted prospective
exploratory study. The greater discriminatory accuracy of the new variables suggests their better performance in predicting EGF

tumor dependence and the response to anti-EGF/EGFR therapies such as the CIMAvax-EGF® vaccine.
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Introduction

Cancer is a worldwide health concern. According to the Global
Cancer Observatory [1], in 2020 lung cancer (LC) was the leading
cause of death from malignant tumors globally (18%) and the
second in incidence (11.4%), only surpassed by breast cancer

(11.7%). In Cuba, carcinomas of the trachea, bronchi and lung are

among the most frequent malignant tumors, and they accounted
for the highest cancer mortality rate in both genders at the end of
2019 [2]. The early diagnosis of LC continues to be one of the most
important unmet needs [3], which along with the personalization
of therapies allows for a better response and survival of patients

[4]. Therefore, it is considered critical for better management
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of the disease. Currently, approved diagnostic biomarkers lack
the required sensitivity, specificity, and reproducibility, even for
diagnosis in advanced stages [5]. Consequently, and due to the
absence of obvious symptoms, the majority of patients with non-
small cell lung cancer (NSCLC), the main LC histological subtype
[6], are diagnosed in locally advanced or metastatic stages. This
late diagnosis makes unfeasible surgery, which is closely linked to
the concept of cure, and determines an overall survival (0S) rate in
patients at five years between 4%-12%; which could rise to 50%-
80% if the diagnosis occurred early in stage I [4,5,7].

In recent years, low-dose computed tomography (LDCT),
the current standard of LC screening, has substantially reduced
the likelihood of death from LC in high-risk populations [8,9].
Nevertheless, the test has several limitations, such as high cost
and the occurrence of false positives results to be confirmed by
occasionally more invasive procedures. Additionally, it is known
that annual checkups with procedures based on ionizing radiations

can cause cancer in healthy people [10].

The

immunotherapies, which depends on the evaluation of accurate

effective application of targeted therapies and
biomarkers, has also increased OS in patients with LC. The
Cuban vaccine CIMAvax-EGF®, immunotherapy directed at the
epidermal growth factor (EGF), has several potential biomarkers
evaluated for its personalized indication. However, all candidates
have limitations in predicting/explaining response to therapy
in some patients. In this manuscript, we critically review these
potential predictors of vaccine success and hypothesize that the
performance of pretreatment serum absolute EGF concentration,
the current biomarker of vaccine efficacy, is limited by variability in
EGF quantitation due to: the progressive release of EGF by platelets
during serum collection, interindividual differences in platelet
count, and different EGF expression levels caused by the functional
EGF +61G>A single nucleotide polymorphism (SNP). Furthermore,
we discuss the implications of standardizing serum collection [11]
and normalizing the absolute serum EGF concentration [12], on
the ability of alternative EGF-related biomarkers to discriminate/
diagnose NSCLC patients (diagnostic accuracy) and to stratify them
in order to predict response to CIMAvax-EGF® or other EGF/EGFR-

targeted therapies.

Cuban vaccine CIMAvax-EGF®

Active immunotherapy or vaccination [13], aimed at inducing

a cellular and/or humoral response against specific or tumor-
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associated and differentially-expressed antigens, represents a
promissory alternative for cancer treatment, despite its modest
benefits in terms of survival [14]. The EGF shows differentiated
levels in sera from patients with NSCLC and other epithelial
tumors [15-22]; is involved in tissue invasion and metastasis
[23,24]; and its concentration in serum correlates with the stage
of the disease, its clinical course and prognosis [25]. That is why it
represents an attractive target for the rational design of antitumor
vaccines. The Cuban therapeutic vaccine CIMAvax-EGF® is an
EGF-targeted immunotherapy with very low toxicity and proven
efficacy in NSCLC treatment [26,27]. The vaccine is indicated in
advanced disease, as maintenance therapy with drug switching
after first-line treatment, in patients who attained an objective
response or disease stabilization and have acceptable general
conditions to respond satisfactorily to treatment [28]. The vaccine
induces anti-EGF antibodies that recognize the EGF in the tumor
microenvironment and blood circulation, preventing signaling
through the EGFR pathway. In this way, it reduces cell proliferation,
angiogenesis, and metastasis, with arrest or deceleration of tumor
progression [29,30]. The efficacy and safety profile of the vaccine
allows its long-term use, either as monotherapy or in combination
[30,31], with a significant impact on the survival of patients having
EGF-dependent tumors [26,32].

Diagnostic capacity and biomarker value of serum EGF

concentration

The accuracy of serum EGF levels to discriminate between
NSCLC patients and healthy controls (diagnostic value) determines
its performance as a biomarker [33]. However, in NSCLC, the
discriminatory capacity of serum EGF concentrations has been
poorly studied and the results are inconclusive [16,34]. Similarly,
there are conflicting reports on this issue in ovarian and colon
cancers [35-38], and in conditions such as Alzheimer’s disease,
arteriosclerosis, and mood disorders; in which the involvement
of EGF has been reported [39-43]. The main differences between
the studies could be explained by the variability in the estimates
of serum EGF concentrations, due to the lack of harmonization
and even standardization of blood collection and sera separation
procedures. In that sense, it is important to consider that platelets
are the main reservoir and source of serum EGF [44]. Consequently,
there is a correlation between serum EGF concentrations and
platelet count [11,45], which is dependent on serum separation
time [44,46].
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The study by Gonzalez-Pérez, et al. [11] identified one and four hours as the
times relevant for serum separation after phlebotomy. The EGF concentration measured in
serum collected 1h after phlebotomy ([EGF],,) is interpreted as a good estimator of
the actual concentration of free EGF in the bloodstream. On the other hand, the EGF
concentration measured at 4h ([EGF],) is very close to the plateau achieved by the
progressive release of EGF by platelets during their aggregation in the coagulation
process, which is why it is considered the average total pool of EGF in the blood of an
individual. These assumptions are consistent with a previous report by Savage, et al.
[46]. Other factors, including the type of tube for blood collection and its coagulation,
as well as the clotting temperature [47], also affect the kinetics of EGF release by
platelets and the estimated levels of EGF in serum [11,12]. The lack of control over
these factors, which greatly influence the serum concentration of EGF, has
prevented drawing conclusions about its diagnostic capacity in several pathologies
including NSCLC; which has been an obstacle to the broader consolidation of
serum EGF as a biomarker. Thus, reliable assessment of the diagnostic value of
serum concentration of EGF depends on a standardized quantification methodology that

controls for the variety of factors that determine serum EGF values.
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Another source of variability in EGF estimates is the SNP +61G>A located in the promoter
region of the EGF gene [48], which affects EGF expression levels causing natural differences
between individuals [49]. This polymorphism has been associated with cancer risk [48-50],
its severity [51], prognosis [52],and response to therapy [53]. However, to the best of our
knowledge, no previous studies have addressed its impact on the diagnostic capacity of

serum EGF levels in NSCLC and its performance as a biomarker.

Potential predictors of CIMAvax-EGF® success

The application of targeted therapies and immunotherapies requires the assessment
of accurate biomarkers. The search for such biomarkers for the indication of tailored
treatments and better patient management is currently an area of active investigation
in NSCLC. In the last five years, several potential biomarkers have been evaluated for the
personalized indication of the CIMAvax-EGF®vaccine [12,27,54-56]. Table 1 compares them,
taking as reference the absolute serum EGF concentration before treatment, the biomarker

currently approved for the indication of the vaccine [26,27].

Biomarker/ Statistical Biomarker
Study |(Cut-off value)/ significan- assay/ EGF
Reference| Study Type . Cut-off selection Analytical Advantages Disadvantages
subjects MOS ce of the . evaluation
Complexity/
advantage prediction| s ¢ro 1 dability
Rodriguez,| Retrospective, |BM+ Patients| Serum EGF/ Arbitrarily HR*=0.41 | ELISA Quantikine | After 1*--line | The biomarkerisre- | Potential biases due to
etal. [27] exploratory 70 (=870 pg/ established pi= EGF¢ (R&D CRT lated to EGF, the main | the retrospective nature
vaccinated/ mL)/ (median EGF con- 0.0001 Systems target of CIMAvax- of the study
25 non- 6 months centration of study . Inc.,USA)/ Low/ EGF® Non-standardization
vaccinated population after 1%- pb< Relatively cheap of blood collection and
line CRT, n = 188) 0.0001 serum separation

The biomarker does
not take into account
natural interindividual
differences in serum
EGF levels
Dichotomization of
serum EGF values, with
loss of information,
reduction in power, and
uncertainty in defining
the cut-off point
Estimation of survival
advantage by post-hoc
analysis, a procedure
with known limitations
Absence of serum EGF

measurements in naive

patients
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or their normalization,
which produces
biomarkers with
improved diagnostic
accuracy compared to
absolute serum EGF
concentrations
The use of ROC analy-
sis for the evaluation
of the diagnostic
accuracy of
biomarkers and their
comparisons
The use of multiple
criteria to select the
best potential
biomarker to predict
the efficacy of
CIMAvax-EGF ™~

Saavedra, BM+ Patients| CD4+ T cells/ HR*=0.17 The prospectiveness | The biomarkers are not
etal. [55] 13 (>40%)/ p*=0.01 of the study related to EGF, the main
34.1 months Immunocompetence | target of CIMAvax-EGF®
vaccinated/ .
parameters are vaccine.
3 non- relevant to the The bias inherent to
vaccinated FACS individual’s immu- post-hoc analysis
9 CD8+CD28-T | Selected by post-hoc | HR*=0.2 Flow cytometry/ None nity and response to | Dichotomization of the
Prospective, | vaccinated/ cells/ Cox’s regression p*=0.03 High,/Relatively immunotherapy biomarkers, with loss of
exploratory 6 non- (<24%)/ expensive information, reduction
vaccinated | 22.9 months in power, and uncer-
7 CD4+/CD8+/ HR*=0.16 tainty in the definition
vaccinated/ | T cells ratio p*=0.04 of the cut-off point
4 non- (>2)/
vaccinated 36.1 months
Gonzalez- [EGF],,/ AUC = The prospectiveness The biomarkers were
Pérez, et platelets/L/ 0.7389 of the study not evaluated in
al. [12] Patients (>0.63)/ p= The relationship of patients vaccinated
25 ND 0.01308 biomarkers with EGF, with CIMAvax-EGF”,
(treatment- Basal (in the main target of preventing their
naive) treatment- CIMAvax-EGF”~ correlation with
([EGF],,- AUC= natve Standardization of | survival data associated
Healthy [EGF],,)/ 0.8875 patients) sample collection and with the use of this
Controls platelets/L/ p<0.0001 estimation of EGF and immunotherapy
18 (<1.80)/ the use of an VD kit
ND for quantitation The
Selected by ROC UMELISA EGF ]
evaluation of
Prospective, analysis (SUMA platform, ] )
. biomarkers in healthy
exploratory [EGF],,/ (Youden Index maxi- AUC = Cuba)/Low/
1h ized by Se(%) and Cheap controls, thus allow-
. mize e an
Patients platelets/L/ s y % 0 0.7431 ing the identification
18/25 (>1.62)/ p(%)) p=0.0071 of confounding factors
(after 1°- ND After 1-line The evaluation of
line CRT) CRT biomarkers in naive
([EGF]., - patients, contributing
Healthy 4h AUC =
EGF]. )/ UC= to the knowledge of
Controls [ th 0.7059 t biol
18 platelets/L/ ’ umor biology
(<1.84)/ p=0.0349 The combination
ND of variables and/
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Luaces, Patients Multivariate The use of the o
. PCI=0.74 o Potential biases due to
etal. [54] Good predictorsf/ multivariate causal )
. the retrospective nature
responders? =)/ inference approach,
) ) of the study
11 ND p?=0.033 which makes it
. FACS ) Non-standardization of
vaccinated/ possible to analyze blood d d
. ood draw and serum
Retrospective, 5 non- - Flowcytometry/ the role of several tion for EGF
i i separation for mea-
exploratory vaccinated Serum EG High/Relatively After 1*-line | biomarkers jointly, P X
NLR i surements
(data from [27]) None expenstve CRT taking advantage of
Monocytes . The measurement of
Bad the continuous scale ] )
Neutrophils ELISA Quantikine multiple predictors,
responders® p ; of measurements hich could b
ti c which could be a
12 roportion o p*=0.97 EGF*/Low/ to identify a good o .
. CD4+ T cells Relatively cheap . ) limitation for its
vaccinated/ predictive combina- o
. o application in clinical
5 non- tion of vaccination .
] practice
vaccinated success.
Santos Retrospective, |BM+ Patients| Serum EGF/ According to the HR*=0.44 ELISA After 1°-line The biomarker is The retrospective
Morales, exploratory (=870 pg/ phase III trial by p*=0.001 | Quantikine EGF¢/ CRT related to EGF, nature of the study
etal. [56] (data from 83 mL)/ Rodriguez, et al. p*=0.001 Medium/ the main target of | The disadvantages listed
[27,60]) vaccinated/ | 6.1 months [27] Relatively cheap CIMAvax-EGF® in this Table for the
37 non- Rodriguez study
vaccinated The bias caused by
minor differences in the
designs of pooled phase
IT and III trials

Table 1: Comparison of efficacy biomarkers reported for the Cuban anticancer vaccine CIMAvax-EGF®.

BM+ Patients: patients selected by the biomarker; MOS: median overall survival; HR: hazard ratio; CRT: chemoradiotherapy; ND: not determined; ROC: receiver operating

characteristic; Se(%): sensitivity in percentage values; Sp(%): specificity in percentage values; AUC: area under curve; IVD: in vitro diagnosis; NLR: neutrophil-to-lymphocyte ratio;

PCI: predictive causal information or predictive causal inference association, defined as the correlation between the treatment effect and the predictors. @ Post-hoc Kaplan-Meier

survival analysis using standard log-rank test, b post-hoc Cox’s regression for interaction between EGF levels and treatment with CIMAvax-EGF®, € ELISA Quantikine EGF (R&D

Systems Inc., Minneapolis, MN, USA), d patients who benefit from CIMAvax-EGF® of which 50% lived more than 2 years (long term survivors), € Patients who did not benefit from

vaccination, among whom no long-term survivors were observed, fSerum EGF, NLR, monocytes, neutrophils and the proportion of CD4+ T cells, all together.

The predictive value of the serum EGF concentration for CIMAvax-EGF® was first
described by Rodriguez, et al. [27,57]. The authors found a survival advantage in patients
with pretreatment serum EGF concentration 2870 pg/ml, suggesting different levels
of dependence on serum EGF availability among the patients/tumors. However, the
application of this classification threshold does not explain the benefits of vaccination in
some patients, nor some treatment failures [27,57]. Such limitations of the biomarker can
be partly explained by biases due to the retrospective selection of its cut-off point in the
context of nonstandardized measurements [27]. Certainly, it has been acknowledged that
the biomarker’s deficiencies could be related to its identification from serum samples not
optimally separated [26], a very critical issue in precision medicine [58]. The selection
of the biomarker by post-hoc survival analysis, and dichotomization, is according to
Luaces, et al. [54] another source of bias that may affect its efficacy (see Table 1). In fact,
[59].
Nevertheless, possibly the most relevant aspect contributing to the biomarker failure is

post-hoc data analyses are considered a concern in statistical inference

that the serum separation time, although not controlled in [27], was probably around four
hours on average, given the similarity between the median concentration reported and
that corresponding to [EGF],, according to Gonzélez-Pérez, et al. (873 pg/ml and 829
pg/ml, respectively) [12]. The closeness between these medians could partially
explain the limitations in the efficacy of the biomarker, considering that in the
[12], healthy

and treatment-naive patients had the same total EGF stock on average

last-mentioned study performed under standardized conditions,
controls
([EGF],,) (Figure 1A). This result not only compromises the diagnostic capacity of 4h-
concentrations and its performance as a biomarker [33] but also the relevance of the
total stock of EGF in the pathophysiology of NSCLC. Another limiting aspect for the
biomarker is that it does not take into account the interindividual variability in EGF
concentrations, associated with different platelet counts, nor the functional SNP
+61G>A, which undermines the classification of the absolute levels of EGF in serum as

“low” or “high”.
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Figure 1: Serum EGF concentrations measured at 4h as absolute values or normalized by platelet count: patients vs. healthy controls.

Panel A shows the absolute serum EGF concentrations of patients at diagnosis (NSCLC1) and after1st-line chemoradiotherapy

(NSCLC2), compared with those in age- and gender-matched healthy controls (HC1 and HC2, respectively). Panel B compares the

serum EGF concentrations normalized by platelet count. The HC3 group was selected based on the availability of platelet count.

Recently, Santos, et al. [56] analyzed the combined data from
phase II [60] and III [27] clinical trials with the CIMAvax-EGF®
vaccine, to further assess whether pretreatment serum EGF
concentration is a predictive biomarker of a survival benefit in
advanced NSCLC patients treated with the vaccine. As in
Rodriguez’s phase III trial, patients were classified as biomarker
positive (2870 pg/mL) or negative (<870 pg/mL) based on
pretreatment serum EGF concentration, and survival was
analyzed using the Kaplan-Meier and log-rank tests. Median
overall survival for vaccinated patients was 13.03 months
compared with 6.93 months for non-vaccinated (hazard ratio
HR=0.44, p=0.001), results quite similar to those of the Rodriguez
study (14.66 months versus 8.63 months for controls, HR=0.41,
p=0.0001) that included 25 fewer patients with a positive
biomarker (13 vaccinated and 12 in the control arm). Therefore,
with the same limitations as the phase III trial (Table 1) and
limited scope due to bias resulting from minor differences in
phase II and III trial designs, as acknowledged by the author [56],
the analysis of pooled data did not provide stronger evidence in
favor of pretreatment serum EGF concentration as a predictor of

vaccine success.

Also
EGF®

looking for alternative predictors of CIMAvax-

success, Saavedra, et al. studied several

immunocompetence parameters in patients with advanced NSCLC
and evaluated them as potential biomarkers of vaccine efficacy
[55]. Post-hoc Cox regression analysis revealed that patients who
had pre-vaccination frequencies of CD8*CD28" T cells < 24%,
CD4 T cells > 40%, and a CD4/CD8 ratio > 2, achieved at least a
20-month increase in the median OS compared to vaccinated
controls who did not meet these criteria (Table 1). Previous
studies in cancer patients have associated the presence of CD8
*CD28* T cells and CD8*CD28 T cells with prolonged or shorter
progression-free survival, respectively [61]. Recently, Liu, et al.
published a similar result, but limited to specific LC histological
types [62]. The authors showed that high levels of peripheral
CD8*CD28* T cells (considered those above the mean value of the
analyzed cell subgroup) are a factor of favorable response in
patients with advanced lung adenocarcinomas treated with
chemoradiotherapy, while high levels of CD8*CD28" T cells predict
cell

an unfavorable survival in patients with squamous

carcinomas. In Saavedra’s work, although the peripheral

lymphocytes evaluated must be relevant to the individual’s anti-
tumor immunity and their cellular and humoral responses to
CIMAvax-EGF®, their values are only associated with the state of
and the chronic

immunosenescence of the patients,

inflammation characteristic of the oncological disease, never to
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the dependence/independence of the tumor with respect to
EGF. Therefore, patients with positive immunocompetence

biomarkers and non-EGF-dependent tumors might not
benefit- or even receive the most benefit- from the use of
CIMAvax-EGF® or other EGF/EGFR-targeted therapies. On the
other hand, in our opinion, the positivity of the biomarkers
(immunocompetence parameters) before vaccination, instead of
predicting the efficacy of the vaccine, could explain a good
antibody response to vaccination (high antibody titers), whose
magnitude is critical to target inhibition but insufficient for the
success of CIMAvax-EGF®. As Popa and Crombet previously
concluded [63], the magnitude of the anti-EGF antibody response
alone does not determine treatment response or clinical benefit. In
this sense, the quality of the interaction between these antibodies
and circulating EGF, measured as EGFR phosphorylation inhibition,
is predominant and is not associated with antibody titers. Neither
has a correlation been reported between the antibody titers
obtained and the inhibitory effect (response to treatment) for
CIMAvax-EGF® in combination with nivolumab [31]. However,
the weakest aspect of this study is probably that the serum EGF
concentration was not estimated in the patients before treatment,
although it is the proposed predictor of vaccine response and
therefore a factor to control for when other possible
independent predictors of response to CIMAvax-EGF® are
evaluated. The scope of the study is also limited by the known
and dichotomization,

weaknesses of post-hoc analysis

previously acknowledged by Luaces, et al. [54].

In the Luaces, et al. [54] study, an interesting approach aimed
at identifying biomarkers predictive of CIMAvax-EGF® efficacy, the
authors retrospectively evaluated several potential
biomarkers following the causal inference approach described
by Abad, et al. in 2015 [64]. The analysis included the
concentrations of serum EGF from Rodriguez’s

[27],

phase 1II

clinical trial which were further evaluated in 2021 by

Santos Morales, et al. [56]; some peripheral blood
parameters such as monocytes, neutrophils, and
eosinophils, among others; and the immunocompetence

parameters previously studied by Saavedra, et al. in 2016 [55]. The

study evaluated all possible combinations of predictors,
revealing that peripheral blood parameters as the neutrophil-
to-lymphocyte ratio, the monocytes and neutrophils counts,
the percent of CD4" T cells, and the pretreatment serum EGF
of CIMAvax-

EGF® success in patients with advanced NSCLC.

concentration are, together, a good predictor
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Mean predictive causal information, a measure of prediction
accuracy defined as the correlation between treatment effect and
predictors, increased from 0.486 with one predictor to 0.740
with all five predictors selected by the multivariate approach.
Kaplan Meier survival estimation was carried out in good and poor
responder patients. The log-rank-test analysis showed a significant
survival advantage within biomarker-selected vaccinated patients
(good responders), as shown in Table 1. The greatest achievement
of this study is its multivariate approach compared to univariate
techniques for biomarker validation. However, as accepted by the
authors themselves, measuring and collecting data from multiple
predictors increases the costs and burden of clinical investigations
and routine follow-up, which could be a limitation for the clinical
applicability of this approach. The lack of standardization of blood
collection and separation of sera for EGF measurements [26,27]
and possible biases due to the retrospective nature of the study

could also be noted as limitations (Table 1).

Alternative EGF-related biomarkers

In Gonzalez-Pérez’ proposal [12], serum EGF concentrations and
platelet count were considered primary variables. EGF levels were
measured in sera separated at 1h and 4h after phlebotomy ([EGF],,
and [EGF],,), using the UMELISA EGF® kit validated for in vitro
diagnosis (IVD) [65]. In addition to these main variables, five others
were constructed from their combination and/or normalization
by platelet count. The ratio r=[EGF],,/[EGF],, is interpreted as
the fraction that represents the EGF in the bloodstream regarding
its total stock, which also includes the EGF retained in platelets
d=[EGF],,-[EGF],, (not available to circulation). The variables
normalized by platelets: [EGF],, /platelets/L, [EGF],, /platelets/L
and d/platelets/L, are interpreted, respectively, as the average EGF
contributed to circulation per platelet, the average total stock of
EGF per platelet, and the average EGF retained per platelet (that
is, not in circulation). Consistently with the lack of discriminatory
capacity for [EGF],, [12] (Figure 1A), Figure 1B shows that the
variable cannot discriminate patients even when normalized by
platelet count ([EGF],, /platelets/L), although this normalization
corrects for variability in serum EGF concentration due to different
platelet counts. This result suggests, once again, that the total EGF
stock does not reflect the physiology of the tumor, a fact that largely
justifies the limitations and failures in clinical practice of the
serum EGF concentration measured at 4h ([EGF],,), the current
predictor of vaccine success. At the same time, Gonzalez-Pérez’s

approach evidenced the key role of circulating EGF in NSCLC
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disease and the potential of the new EGF-related variables to
targeted to EGF/EGFR,
including the CIMAvax-EGF® vaccine, whose mechanism of
EGFE. This is

understanding is

predict the success of therapies

action directly involves relevant because,

although biological not an absolute
prerequisite for biomarker testing development, knowledge
of the underlying biological pathways provides the rationale
to support them [66]. The study did evidence, in this case, an
increase in free/accessible EGF in the blood circulation of
patients with NSCLC compared to healthy controls. Thereby,
patients have more EGF in circulation ([EGF],), a higher
total stock
(r=[EGF],,/[EGF],,), and consequently, a lower amount of EGF
retained in platelets (d=[EGF], -[EGF],,) (see [12]). Similarly,
the EGF retained per platelet (d/platelets/L) is lower in these
([EGF],,/

after

fraction of circulating EGF regarding its

patients, while the EGF circulating per platelet

platelets/L) is significantly higher, even
chemoradiotherapy, although treatment reduces circulating levels
([EGF],,) to the normal values present in healthy controls [12].
In contrast to the total EGF stock ([EGF], ), the increase of
free EGF circulating in patients’ blood supports its relevant
role in the biology of NSCLC, most likely because it reflects the
increased accessibility of this growth factor to tumor cells.
The study also showed that the normalized variables [EGF],, /
platelets/L and d/platelets/L provide similar selections of patients
for treatment with CIMAvax-EGF® (see [12]), but that these
selections could be different from those obtained using the median
of the absolute concentrations of EGF in serum as a cut-off value,
especially when using 4h measurements ([EGF],, ), which could not
discriminate cases from controls (Figure 1A). Therefore, although
the serum EGF measured at 4h could predict, to some extent, the
overall survival of patients after chemoradiotherapy and
to CIMAvax-EGF®, as

evidenced [27], the normalized variables, discriminatory in this

their responses Rodriguez, et al.

scenario, could be more valuable for these purposes than 4h
concentrations [EGF],,.

The rationality of combining and normalizing serum

EGF concentrations

Despite the advances in metabolomics, the discovery

of  differentially  expressed tumor-associated proteins

capable of reliably discriminating patients from healthy
individuals remains a challenge today [66]. Until now, only a

few proteins have been included in FDA-approved cancer
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diagnostics tests, most of which have low clinical sensitivity and
specificity [3]. Furthermore, there isa growing scientific consensus
on the superiority of marker panels to warrant the specificity
and sensitivity that individual markers lack [67]. Particularly in
multifactorial diseases such as cancer, often the approach
that provides the expected discrimination and confidence is
the combination of multiple “weak” markers in a single “strong”
multivariate model [66]. Another approach with a similar
purpose is the construction of biomarkers that combine different
variables [55,62,68].

In Gonzalez-Pérez’s study, the constructed markers combine
two to three variables (circulating EGF, total EGF, and platelet
count) into potential biomarkers, whose biological rationality
contributes to their better performance in discriminating patients,
compared with absolute serum EGF concentrations. This is most
remarkable in the case of variables normalized by platelet count,
which achieved the best discrimination accuracy in the study
[12]. The constructed biomarkers allow estimating the amount
of EGF retained in platelets (d=[EGF], -[EGF],) or on average
per platelet (([EGF],, -[EGF],,)/platelets/L), as well as how much
EGF is mobilized regarding its total (r=[EGF],,/[EGF],) and per
platelet ([EGF],, /platelets/L). Thus, they reflect the kinetics of
EGF in the individual, especially the normalized ones that could be
useful to stratify NSCLC patients, infer the EGF dependence on the
tumor, and predict the response to EGF/EGFR-targeted therapies,
including CIMAvax-EGF®.

The better performance of the normalized variables isassociated
withthe controltheyachieve overnaturalinterindividual differences
in serum EGF concentrations [48,49]. Normalization of circulating
EGF by platelets takes into account the interindividual variability
due to variations in the platelet count, while the EGF retained per
platelet also ponders the differences in the expressed EGF (total
EGF) due to the +61G>A SNP. As a result, these variables are able
to discriminate patients even after first-line chemoradiotherapy,
although most responded to treatment by modifying their
circulating levels to those typical of healthy individuals [12]. In
patients with NSCLC, the impact of normalization by platelets is
also associated with the apparently aberrant relationship between
serum EGF concentrations and platelet count, as evidenced in
the study by Gonzalez-Pérez, et al. [12]. The correlation

between these variables, previously described in healthy

individuals [11], is lost in naive NSCLC patients probably due to

#EOAOETT( Idania Gonzalez-Pérez, et al. “Implications of the EGF +61G>A SNP and platelet count on the serum EGF profile: A Critical Review of the
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the modification exerted by thrombocytosis, which significantly
[12].  The

normalized

reduces circulating EGF levels per platelet

better discrimination achieved by the variables
by platelets the
EGF and platelets in patients with NSCLC.

proves altered relationship between

Methodological strengths and limitations of the new approach

The study by Gonzilez-Pérez, et al. [12], with a sample
size equal to 25, classifies as a pilot study for biomarker
selection [66]. These exploratory studies are usually based
on small representative samples that include 25 to 200 subjects
[69,70] and very often only 25 [71-76]. The sample size
of the

population in the sample is not a trivial matter. In biomarker

necessary to achieve representativeness patient
discovery, it depends, among other factors, on the scope
envisioned for the study, the variability of the sample, and the
precision of the biomarker test [77]. Despite the small size of
the sample evaluated in the study by Gonzdalez-Pérez, et al.
[12], the the

selection of the subjects must guarantee the representation of

minimum exclusion criteria imposed on
the characteristics of the population in the sample, in terms
of biological variability [78]. The evaluated sample seems to
be representative of the Cuban population with NSCLC when
analyzed by its main demographic and clinicopathological
characteristics. The mean age of the patients was 63 years and
the male gender (80%) predominated, in agreement with other
Cuban reports that show a mean age at diagnosis of lung cancer of
64 years [79] and a higher incidence in men [2,79]. Furthermore,
60% of the patients were diagnosed with stage IV disease, which
is also consistent with the data from the Cuban National Cancer
Registry, that reports a predominance of stage IV at diagnosis
[79]. Moreover, the sample studied compares well with that of
Rodriguez, et al. [27], made up of 400 patients, from 19 clinical
centers and several provinces of the country. The only difference
lies in the predominant stage of the disease at the time of
diagnosis: stage III in the Rodriguez sample (62%) and IV in the

Gonzalez-Pérez study (60%).

The

alternative biomarkers, together with some methodological

aforementioned  biological rationality of the

advantages in their evaluation and selection, determined the

best discrimination achieved. Advantages include
standardization of blood collection and serum separation and
the evaluation of a panel of healthy individuals [11]. This
allowed the identification of the confounding factors that

influence EGF measurements, as well as the choice of healthy

66

controls, matched to patients by gender and age, thus
contributing to the reliability of the data collected and the
results obtained. The prospective character of the exploratory
study and the evaluation of the study variables in treatment-
naive patients that show the biology of the disease in the
untreated tumor [12], as well as the quantification of EGF using an
IVD UMELISA [65], also add soundness and reliability to the new

approach.

Additionally, the the

alternative

diagnostic accuracy of

biomarkers was estimated using univariate
nonparametric analysis of receiver operating characteristic (ROC)
[80], widely considered the most objective and statistically
valid test for this purpose [66,81] and for the comparison of
[82].

Furthermore, since in a ROC curve each point represents, in

biomarkers contrasting their respective ROC curves

percentage values, the sensitivity (Se(%)) and specificity (Sp(%))
at a different cutoff point, it is possible to optimize the cut-off
and Sp(%)
[66,83], in contrast to the selection of thresholds from the

value by maximizing Se(%) simultaneously
dichotomization of variables. Therefore, the inclusion of the

ROC analysis can be considered another methodological

strength of the new approach.

Finally, the use of multiple criteria to select the best
potential predictor of response [70] also represents a strong
methodological advantage of the study by Gonzalez-Pérez, et al.
Only normalized variables discriminate patients before and after
therapy, indicating their more direct relationship with tumor
biology compared to absolute serum EGF levels and,
consequently,

dependence and the response to CIMAvax-EGF®. Of these

their better performance in predicting EGF
variables, d/platelets/L shows the highest partial area under
the ROC curve (pAUC) [66,81]
range--Se(%) and Sp(%) greater than 70--, both at diagnosis

in the clinically relevant

and after chemoradiotherapy. This performance, together with
the robustness (absence of bias) of the variable d/platelets/L
[12]), determined
its selection as the best potential biomarker to predict the efficacy
of CIMAvax-EGF®.

in the presence of thrombocytosis (see

the alternative biomarkers

evaluated in patients vaccinated with CIMAvax-EGF®,

However, proposed were
not
preventing their correlation with survival data associated
with the this Table 1).

Their accuracies in predicting response to CIMAvax-EGF® are

use of immunotherapy (see
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therefore not estimated, but inferred from the respective
diagnostic accuracies and other selection criteria discussed
above. Although of note, the study provided preliminary
evidence of an association between the proposed alternative
and also

their

biomarkers response to
utility

efficacy (unpublished data). Nevertheless, the clinical utility

chemoradiotherapy,

suggesting potential in predicting vaccine
of these alternative biomarkers in predicting response to
therapies targeting the EGF/EGFR system, prognosis, therapy
monitoring, and evaluation of treatment response needs to be
demonstrated in clinical trials in patients treated with these

therapies.

Scope of the new approach

The

response to CIMAvax-EGF® is clinically relevant. Most of

proposal of potential serum predictors of

the efficacy biomarkers introduced into oncology clinical
practice are genetic alterations that require biopsy material for
their evaluation. Unlike clinical pathology techniques for the
analysis of tissue biopsies, the UMELISA EGF® test [65] for the
evaluation of the proposed biomarkers is simple, minimally
invasive, and inexpensive. In our opinion, the new normalized
variables, if clinically validated and based on their positivity as
occurs with other targeted therapies, could support the
indication and use of the CIMAvax-EGF® vaccine in the first line of
NSCLC treatment. This is very significant as well. Immunization
with CIMAvax-EGF® with

chemotherapy and radiotherapy, which are non-specific and

contrasts treatments such as

aggressive and can compromise the immune status of
patients. The use of this vaccine in the first line of treatment
could enhance its effect, which depends on an effective
anti-EGF immune response that could be affected in the second

line setting by prior administration of chemoradiotherapy.

On the other hand, these alternative biomarkers could help
to identify other EGF-dependent tumors, in which CIMAvax-
EGF® or other EGF/EGFR-targeted therapies could be effective.
Further studies should also focus on the value of proposed
biomarkers in predicting response to chemoradiation or other
neoadjuvant therapies in patients with tumors amenable to
surgery. Likewise, the new approach could contribute to the study
of the role of EGF in other pathologies in which this ligand has a
key pathophysiological function. It could also contribute to the
study of other growth factors such as VEGF and TGF beta that

are also stored and released by platelets, with a similar impact
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in clinical practice. However, the greatest impact of the new
variables could be associated with earlier detection of the
malignant process. The simplicity of both, the UMELISA EGF®
test for the quantification of biomarkers and the collection of
blood samples, as well as their low costs, would allow the
search for lung cancer and its detection in populations at risk. In
other words, if clinically validated, the new variables could
complement traditional radiology and other methods in use
for NSCLC diagnosis and detection of disease progression,
including LDCT, which remains the current gold standard for LC

screening.

Conclusion

The
normalization of serum EGF levels, made it possible to elucidate

standardization of sample collection and the
the diagnostic value of the serum EGF concentration in NSCLC,
an issue that is not yet conclusive in ovarian and colon
cancers, among others. The higher discriminatory capacity of
the normalized biomarkers, compared to absolute serum EGF
concentrations, suggests their closer relation to tumor biology

and their better performance as biomarkers of the disease.
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