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Abstract 

Inhibition of EGFR signalling has shown to be relevant for 

the treatment of some patients with NSCLC. CIMAvax-

EGF is a therapeutic vaccine that induces an antibody 

response against circulating serum EGF. In a randomized 

Phase III trial, CIMAvax-EGF improved the overall 

survival of advanced NSCLC patients as compared to best 

supportive care, when administered as switch maintenance. 

Exploratory results suggested serum EGF concentration 

could function as prognostic and predictive biomarker. In 

this study, we aimed to further assess whether pre-treatment 

serum EGF level is a predictive biomarker of survival 

benefit in advanced NSCLC patients treated with 

CIMAvax-EGF.  

 

A pooled analysis of 2 blinded, randomized, controlled 

clinical trials of CIMAvax-EGF for NSCLC was done. 

Patients were assigned to one of two groups: biomarker 

positive (≥870 pg/mL) or biomarker negative (<870 pg/mL) 

based on pre-treatment serum EGF concentrations. Patients 

from each group received CIMAvax-EGF or best 

supportive care. The primary outcome was overall survival. 

In a pooled cohort of 229 patients, 120 were considered 

biomarker positive (BM+) and 109 considered biomarker 
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negative (BM-). In the BM + population, HR for overall 

survival (CIMAvax-EGF vs BSC) was 0.44, p=0.001.A 

significant biomarker/treatment interaction was found 

(p=0.001). We conclude that a high pre-treatment serum 

EGF level is a predictive biomarker of survival benefit in 

advanced NSCLC patients treated with CIMAvax-EGF. 

 

Keywords: Epidermal Growth Factor; NSCLC; 

CIMAvax-EGF; Predictive biomarker 

 

1. Introduction 

Lung cancer is one of the most commonly diagnosed 

cancers worldwide, and its incidence continues to grow [1]. 

In 2018, an estimated 2.1 million new cases of lung cancer 

were diagnosed globally, accounting for approximately 

11.6% of the global cancer burden [1]. Non-small cell lung 

cancer (NSCLC) accounts for approximately 85% of all 

lung cancers. Unfortunately, at initial diagnosis most of 

patients have regional metastasis or distant spread of 

disease, which confers a poor prognosis. The introduction 

of novel approaches to cancer therapy such as targeted 

therapy and immunotherapy has contributed to the 

reduction of mortality among lung-cancer patients. 

However, it is still the first cause of death among cancer 

patients with an estimated of 1.76 million lung cancer 

deaths occurred in 2018 [1]. With the initiation of 

proteomic and genomic techniques, we can base the 

diagnosis of cancer on a combination of methods, including 

a classification based on molecular features [2]. Genetic or 

protein profile of multiple biomarkers, accounting for 

cancer heterogeneity, are measured in tissue, cells, and 

body fluids [2].  

 

The introduction of biomarkers in cancer treatment has 

allowed guiding treatment decisions beyond the old “one 

size fits all”- paradigm. Particularly, in the case of lung 

cancer treatment, the use of biomarkers is decisive to 

identify subpopulation of patients who are more likely to 

response to a given therapy [3]. CIMAvax-EGF is a 

therapeutic vaccine that exerts its anti-cancer activity by 

targeting the immune system. It induces an active immune 

response of the patient against circulating EGF that results 

in the depletion of circulating EGF in sera [4]. This, in turn, 

significantly decreases the probability that the remaining 

EGF binds to its receptor (EGFR) on the surface of cancer 

cells. EGF withdrawal results in the loss of a key pro-

proliferation and pro-survival signal for the neoplastic cells 

[5]. 

 

Two randomized controlled trials confirmed the efficacy of 

CIMAvax-EGF in advanced NSCLC after initial platinum 

based chemotherapy [6, 7]. However, a recent report 

indicate the existence of heterogeneity in the response to 

the vaccine [8]. According to this, Sanchez et al. 

differentiated patients with short and long-term survival 

among those treated with CIMAvax-EGF [8]. Early 

attempts to identify potential biomarkers of CIMAvax-EGF 

efficacy found a relationship between the ability of the 

vaccine to produce an antibody response against EGF and 

survival. Patients with higher anti-EGF antibody titers 

(good antibody responders) lived longer than patients with 

poor antibody response [5, 6, 9]. Another finding was that 

patients achieving serum EGF concentration below a 

defined cut-off (168 pg/mL) after CIMAvax-EGF, lived 

longer than patients with higher EGF after vaccination [6]. 

These findings confirmed the mechanism of action of the 

vaccine and supported further clinical trials, yet this 

approach did not allow predicting which patients will 

benefit from CIMAvax-EGF. Rodriguez et al, found that 

pre-treatment serum EGF concentration [EGF] could be a 

prognostic and predictive biomarker in a phase III 

randomized clinical trial [7]. A separate analysis suggested 
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that immunocompetence is also relevant to achieve a better 

response to CIMAvax-EGF treatment. The evidences 

emerging from this phase III trial suggest potential 

biomarkers (CD4 T cells and CD4/CD8 ratio) of CIMAvax-

EGF efficacy [10]. However, due to its exploratory nature, 

this finding requires further confirmation. 

 

This analysis of pooled data is aimed to further assess the 

prognostic and predictive value of EGF concentration for 

advanced NSCLC patients receiving CIMAvax-EGF as 

switch maintenance.  

 

2. Materials and Methods 

Individual patients data from trials IICRDEC056 and 

IICRDEC081 conducted in Cuba between 2002 and 2012 

were pooled and analysed. Details of these trials have been 

published previously [6, 7]. Advanced NSCLC patients 

treated with platinum-based chemotherapy were randomly 

allocated to receive treatment with CIMAvax-EGF or best 

supportive care. Patients from phase II study received four 

doses of 1.2 mg of intramuscular CIMAvax-EGF at 1, 7, 14 

and 28 days as induction doses, followed by monthly 

administration of the same dose. The dose used in the phase 

III trial was 2.4 mg administered intramuscularly every 2 

weeks as induction, followed by a 2.4 mg maintenance 

treatment monthly. Treatment continued until unacceptable 

toxicity, or any study discontinuation criteria arose. Most 

patients did not receive further chemotherapy at progression 

(in consonance with the national treatment guideline), as 

the recommended second-line drugs pemetrexed, docetaxel, 

and erlotinib were not widely available in the country at the 

time of trial execution [7]. Overall survival (OS) was the 

primary endpoint. Primary study definition of OS was the 

period between the date of randomization to the date of 

death due to any cause or date of last follow up. 

Nineteen Cuban sites participated in both trials [7, 11]. 

Local institutional review boards approved both trials at 

each study centre. The trials followed the principles of the 

Declaration of Helsinki and the Good Clinical Practice 

Guidelines of the International Conference on 

Harmonisation. All patients provided written informed 

consent. 

 

2.1 Biomarker definition 

Serum EGF concentration [EGF] was measured 6-8 weeks 

after completing chemotherapy using a commercial ELISA 

(Quantikine EGF, RD Systems Inc, Minneapolis, MN, 

USA). Subjects were classified according to their baseline 

EGF concentration as previously reported by Rodriguez et 

al. Patients with [EGF]≥870 pg/mL were considered 

biomarker positive (BM+) and patients with [EGF]<870 

pg/mL were considered biomarker negative (BM-).  

 

2.2 Statistical analysis  

Evaluation of prognostic and predictive association of pre-

treatment [EGF] with OS included all trial-participants with 

available data (biomarker evaluable population-BEP). The 

analysis of the prognostic value of [EGF] was done in the 

BSC arm. To examine the predictive effect of basal [EGF], 

median OS differences of both treatment arms were 

measured according the EGF level before starting 

treatment. Survival analysis were done using the Kaplan-

Meier estimation and the log-rank test. Hazard ratios (HR) 

for OS between treatment arms, with a confidence interval 

of 95%, in both subgroups of patients were assessed. 

Survival rates at 12, 24, 36, 48 and 60 months were 

calculated for each group. To determine the predictive 

value of [EGF], the interaction between the treatment arm 

and EGF level was evaluated by a cox regression model.  
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3. Results  

Of the 485 patients in the pooled database of both 

randomized clinical trials, 229 (47.2%) underwent serum 

[EGF] testing, conforming the biomarker evaluable 

population (BEP). Figure1 shows the distribution of 

patients used in the pooled analysis. A hundred and twenty 

patients (120, 52.4 %) of the 229 included in the study had 

high serum [EGF]. In this biomarker positive population 

(n=120), 83 patients (69.2%) received CIMAvax-EGF and 

37 (31.8 %) received BSC. On the other hand, in the 

biomarker negative population (low [EGF]) (n=109), 77 

patients (70.6%) received CIMAvax-EGF and 32 (29.4%) 

received BSC (Figure 1). 

  

 

 

Figure 1: Consort diagram. BEP: Biomarker evaluable population; EGF: Epidermal Growth Factor, BSC: best supportive care. 

 

Demographic and tumor characteristics were balanced 

between the two groups of patients. Median age was 59 

years in the group of patients with high serum [EGF] and 

60 years in the group of patients with low serum EGF level. 

Patients in both groups were predominantly in the stage 

IIIB of its disease (70 %), while the rest, were at stage IV. 

Most patients had ECOG PS 1 or 2 (Table 1).
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 Characteristic High EGF concentration Low EGF concentration 

EDIT
a
(n=83) BSC

a
 (n=37) EDIT

a
(n=77) BSC

a
(32) 

Median Age, (range) 59 (21-79) 58 (30-77) 59 (41-80) 60 (45-72) 

Female 35 (42.2%) 11 (29.7%) 22 (28.6%) 7 (21.9%) 

ECOG  

  PS 0 

  PS 1 

  PS 2 

  PS 3  

 

2 (2.8%) 

35 (48.6%) 

32 (44.4%) 

 3 (4.2%)  

 

1 (2.9%) 

17 (48.6%) 

16 (45.7%) 

 1 (2.9%) 

 

4 (5.3%) 

36 (48.8%) 

31 (41.3%) 

 4 (5.3%) 

  

0 (0%) 

14 (45.2%) 

12 (38.7%) 

 5 (16.1%) 

Tobacco use history  

   Current smoker 

   Former smoker 

   Never smoked 

  

13 (15.7%) 

31 (37.3%) 

11 (13.3%) 

  

13 (35.1%) 

 9 (24.3%) 

 5 (13.5%) 

  

16 (20.8%) 

40 (31.9%) 

 7 (9.1%) 

  

 7 (21.9%) 

18 (56.3%) 

 3 (9.4%) 

Stage 

   IIIB 

   IV 

  

50 (60.2%) 

24 (28.9%)  

  

22 (62.9%) 

13 (37.1%) 

  

49 (63.6%) 

25 (32.5%) 

  

24 (77.4%) 

 7 (22.6%) 

Histology 

   ADC 

   Squamous 

 

28 (33.7%) 

48 (55.4%) 

 

15 (45.5%) 

22 (54.5%) 

 

23 (29.9%) 

43 (55.8%)  

  

 8 (26.7%) 

18 (54.5%) 

Response to Chemotherapy 

   Complete Response 

   Partial Response 

   Stable Disease 

   Progressive Disease 

  

 12 (15.4%) 

25 (32.1%) 

37 (47.4%) 

 4 (5.1%)  

  

 2 (5.7%) 

10 (28.6%) 

20 (57.1%) 

 3 (8.6%) 

  

 6 (8.3%) 

33 (45.8%) 

28 (38.9%) 

 5 (6.9%)  

  

 1 (3.1%) 

16 (50%) 

15 (46.9%) 

 0 (0%) 

a-Proportion of patients in each group were calculated of the absolute number of patients with the specified characteristic 

examined. EGF, epidermal growth factor; ECOG PS, Eastern Cooperative Oncology Group Performance Status.  

 

Table 1: Patient demographics and tumour characteristics of patients with high and low serum EGF concentration according 

treatment arm. 

 

The correlation between baseline serum [EGF] after initial 

chemotherapy and OS was evaluated in the group of 

patients who received BSC. At database close, 62 patients 

(89.9%) have died, 26 patients from the low [EGF] group 

and 36 from the high [EGF] arm. The median OS was 

significantly higher in the low [EGF] arm (14.0 months 

[95% CI 0.0- 28.8]) compared to the high [EGF] arm 

(median OS was 6.9 months [95% CI 4.67- 9.19]. An 

estimated HR of 0.38 was achieved, with a one-side p value 

of 0.002. Overall survival curve is depicted in Figure 2. 
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Figure 2: Kaplan Meier estimate of overall survival of control patients receiving best supportive care, according [EGF] in 

serum. 

 

In the biomarker positive group, patients treated with 

CIMAvax-EGF survived roughly 6 months more than 

patients treated with BSC (median OS 13.03 months in the 

experimental group vs 6.93 months in the BSC arm, 

p=0.001). This difference reached statistical significance 

(HR: 0.44, [95%CI, and 0.29-0.67]) (Figure 3). 

Additionally, we observed a higher survival rate at all-time 

intervals in the CIMAvax-EGF group. Remarkably, at 60 

months follow up 20% of patients survived in the 

CIMAvax-EGF group compared with a 2.7% reported for 

the control group (Table 2). On the other hand, in the 

biomarker negative group there were no differences 

between the treatment and control arm. The biomarker 

interaction test between EGF and treatment group in overall 

survival was statistically significant (p=0.001). 
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Figure 3: Kaplan Meier estimates of OS in the subgroup of patients with high serum EGF concentration group according to 

treatment arm. OS, overall survival; BSC, best supportive care. 

 

Treatment arm Baseline 12 m 24 m 36 m 48 m 60 m 

CIMAvax EGF 100% 53.00% 36.10% 25.20% 21.30% 20.00% 

BSC 100% 27.00% 5.40% 5.40% 2.70% 2.70% 

 

Table 2: Overall Survival rate (%) at baseline, 12 months, 24 months, 36 months, 48 months and 60 months in advanced 

NSCLC patients with high baseline serum EGF concentration according to treatment arm. 

 

4. Discussion 

The binding of the ligand to the wildtype EGFR is 

necessary to induce the activation of the EGFR signalling 

pathway, which ultimately leads to tumour growth and 

metastasis. EGF is one of the most important ligands of 

EGFR, and seems to be particularly relevant in NSCLC [12, 

13]. The mechanism of action of CIMAvax-EGF is based 

on its capability to induce an active humoral immunity 

against circulating EGF. Anti-EGF antibodies reduce its 

concentration and inhibit EGFR’s phosphorylation and 

activation. This study represents the largest analysis to date 

of the prognostic and predictive value of serum [EGF] in a 
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population of patients with advanced NSCLC. Pooling data 

from 2 controlled trials, allowed us to better assess the 

prognostic and predictive capability of the [EGF] for 

CIMAvax-EGF efficacy.  

 

Our data set confirmed that serum EGF level measured 

after platinum-based chemotherapy, exhibited prognostic 

value in advanced NSCLC patients. The existence of high 

levels of EGF warrants the required ligand binding to the 

receptor and thus allows tumors-associated processes, such 

as proliferation, invasion and metastasis. This may explain 

why patients with high serum EGF concentration had a 

worse outcome than subjects with low [EGF] [14-16].  

 

In parallel, a significantly better survival for CIMAvax-

EGF group was confirmed in patients with high [EGF]. 

Anti-EGF neutralizing antibodies result in the loss of a key 

signal for the neoplastic cells, which, in turn explains the 

survival advantage reported in our study for the BM+ group 

treated with CIMAvax-EGF [4-6, 9, 10, 17-20]. The HR for 

survival benefit (CIMAvax-EGF vs BSC) in the pooled 

population with high [EGF] was 0.44, similar to the one 

found in the Phase III trial for the same group (HR=0.41). 

This result shows the consistency of the biomarker-

treatment effect beyond a single clinical trial. In the pooled 

analysis, the HR for the BM+ patients was much better as 

compared to the HR for unselected patients in the Phase III 

trial (HR 0.77).These results confirm the initial findings 

reported by Rodriguez et al and support the use of high 

serum EGF as a predictive biomarker of CIMAvax-EGF 

[7].  

 

Researchers have proposed other potential biomarkers to 

predict the efficacy of CIMAvax-EGF. Saavedra et al. 

reported an association between baseline biomarkers of 

immunocompetence and survival benefit in patients treated 

with CIMAvax-EGF. Vaccinated patients with high 

baseline values of CD4 T cells and CD4/CD8 ratio, as well 

as low pre-vaccination proportion of CD8 + CD28− T cells, 

had larger survival as compared with controls [17]. This 

attractive approach, which remarks the relevance of a 

competent immune system to benefit from CIMAvax-EGF, 

is under confirmatory studies. More complexes mathematic 

models, identifying potentials predictors of CIMAvax-EGF 

efficacy are warranted. 

 

Apart from the predictive biomarkers, other surrogate 

markers (antibody response, EGF depletion and response 

immunodominance) have been characterized [5]. Surrogate 

markers can better assist in CIMAVax-EGF maintenance, 

once patients are selected for this active immunotherapy 

approach. Potential limitations of the study include minor 

differences in both trials design. CIMAvax-EGF scheme of 

administration and patient population were slightly different 

in both studies [6, 7]. Another limitation of the study is its 

retrospective nature. A confirmatory, prospective study of 

the [EGF] predictive value was initiated, but it was 

prematurely stopped, due to the approval of CIMAvax-EGF 

as switch maintenance for advanced NSCLC patients.  

 

Currently, targeted therapy and immunotherapy can be used 

for some patients bearing NSCLC [21]. Patients with 

metastatic lung cancer who are eligible for targeted therapy 

or immunotherapy are now surviving longer [22]. The 

proportion of patients surviving 5 years or more under 

CIMAvax-EGF treatment was high and compares 

favourably with existent data for immunotherapy agents 

and targeted therapy. Garon et al. reported a 5-year OS of 

23.2% in treatment-naïve patients with advanced non-small 

cell lung cancer treated with pembrolizumab [22]. The 

proportion reached 29.6% in the subgroup of patients with 

PD-L1 expression of 50% or greater [22] In the case of 
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patients with driver mutation, particularly with EGFR 

driver mutation, a 3 years survival rate of 54% was reported 

after initial treatment with osimertinib [23].  

 

Several studies evaluating the combination of CIMAvax-

EGF with targeted therapy or other immunotherapeutic 

agents are ongoing [18, 24]. [EGF] was introduced as 

predictive biomarker of CIMAvax-EGF efficacy in Cuba in 

2018. A phase IV clinical trial with this product is ongoing 

to assess safety and effectiveness of the vaccine in a larger 

population. A biomarker analysis coming from this study is 

warranted.  

 

In summary, pre-treatment level of serum EGF is a worse 

prognostic biomarker for advanced NSCLC patients. 

Additionally, this biomarker can identify those patients that 

can benefit largely from an EGF depleting immunotherapy. 
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