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Abstract
Introduction: Maintenance is a therapeutic strategy that improves PFS and OS in advanced NSCLC. Racotumomab-alum is an anti-idiotypic vaccine that induces 
immunological response against N-glycolilated gangliosides, expressed in tumor cells. Nimotuzumab is a humanized anti-EGFR monoclonal antibody that has 
shown efficacy in cancer patients. The aim of this study was to evaluate safety and efficacy of racotumomab-alum or nimotuzumab versus docetaxel as switch 
maintenance therapy for advanced NSCLC.

Methods: Phase III, multicentre, open label, randomized trial was designed to enrol 743 stage IIIB-IV NSCLC patients, after first line therapy. Primary endpoint 
was OS. Patients were randomized (2:2:1) to receive racotumomab-alum, nimotuzumab or docetaxel.  Racotumomab-alum treatment were five bi-weekly intradermal 
doses and re-immunizations every 4 weeks. Nimotuzumab arm received six weekly infusions, and bi-weekly maintenance doses. Docetaxel was used at 75 mg/m2 
for 6 cycles if no evidence of progressive disease confirmed after 3 cycles. As switch maintenance therapy, both experimental drugs were classified as non-inferior to 
docetaxel, if 1- year OS rate was 36% using a 15% NI margin. Here we report the final analysis in non-progressor patients (n=238).

Results: 93 patients in each experimental arm and 52 in docetaxel arm with at least 1 year follow up were analyzed (ITT). The median OS and 1-year survival rate 
were 9.8 months (CI 90%: 8.8; 13.7) and 43.5 % with racotumomab, 11.2 months (CI 90%: 8.6 ;14.1) and 47.8 % with nimotuzumab and 8.6 months (CI: 5.9;11.3) 
and 31.0 % with docetaxel, respectively. Progression-free survival was similar in all groups: 4,4 months (CI 90% 4.1;5.6) in racotumomab, 4.6 months (CI 90%: 4.3; 
6.5) with nimotuzumab and 4.0 months (CI 90%: 3.5; 5.9) with racotumomab.  

Conclusions: Racotumomab-alum and Nimotuzumab were non-inferior to docetaxel as switch maintenance therapy. Both experimental treatments were safely 
administered at primary level of health assistance.

Introduction
Maintenance strategies in advanced NSCLC are treatment options 

that prolong progression-free survival and   overall survival. The main 
objective of this approach is to control the disease after the response 
achieved by first-line therapy, to keep the patient with good performance 
status and decrease symptoms.  The election of a maintenance strategy 
depends on tumor histology, residual toxicity after first-line, response 
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to platinum-based chemotherapy, performance status and patient 
choice [1,2]. 

Racotumomab-alum is therapeutic cancer vaccine composed by a 
murine monoclonal antibody and alum hydroxide as adjuvant.  This 
vaccine can induce a specific antibody response against NeuGcGM3, in 
different type of cancer patients [3-8]. In NSCLC patients particularly, 
serum antibodies from vaccinated patients recognized and killed 
NeuGcGM3 expressing cell lines [9]. The expression of NglicolilGM3 
has been reported in over 90 % of NSCLC [10,11]. The efficacy of 
racotumomab-alum versus placebo as switch maintenance therapy was 
reported in a phase II/III randomized controlled trial, with a significant 
benefit in terms of median OS and PFS for advanced NSCLC patients [12]. 

Nimotuzumab is humanized monoclonal antibody that recognizes 
the human epidermal growth factor receptor, blocking the binding of 
its ligands and inducing inhibition of cell proliferation, pro-apoptotic 
signals, ADCC, CDC, and decreasing VEGF production [13]. Clinical 
efficacy of antibody has been evaluated in brain tumours, head and 
neck, pancreatic and oesophageal cancer patients with favourable 
results [14-20]. In NSCLC patients nimotuzumab has been studied 
in Phase I clinical trials combined with first-line therapy, showing a 
favourable safety profile [21-23].

Docetaxel is a recommended switch maintenance therapy in the 
squamous NSCLC subtype. We selected this drug as a comparator 
in our trial using the reference from Fidias trial in which the median 
overall survival of the group treated immediately with docetaxel was 
12.3 months compared with 9.7 months in the control group [24]. 
Our choice of non-inferiority design was based on the expectation 
that the median overall survival of experimental groups would be like 
docetaxel group and with a fewer number of adverse events. As switch 
maintenance therapy racotumomab-alum or nimotuzumab would be 
non-inferior to docetaxel if 1- year OS rate was 36% versus 51% using 
a 15% non- inferiority margin. Confirmation of non-inferiority in our 
study involved the pre-specification of a hazard ratio T/C below 1.5.  
The value of non-inferiority limit was stablished using the fixed value 
approach and is a fraction of a magnitude of the proven effect of the 
difference between docetaxel and placebo.

Patients and Methods:
Patient eligibility

Patients with cytological or histological confirmation of Stage IIIB-
IV NSCLC (7th edition TNM classification), with objective response 
or stable disease after first-line chemotherapy were evaluated to enter 
the trial. The inclusion criteria were: ECOG performance status 0 to 
2, age over 18 years old, written informed consent, life expectancy of 6 
months or more, adequate bone marrow, renal, and hepatic function, a 
time from end of first-line therapy to randomization up to 2 months. 
Patients with brain metastasis, acute infectious diseases, chronic 
or inflammatory uncontrolled diseases, severe allergic reactions 
history, pregnant or breastfeeding were excluded. Unfit patients for 
chemotherapy or previously treated with investigational drugs were 
also ineligible. 

Study design

A Phase III, open label, randomized controlled trial with parallel 
groups was conducted in 24 hospital and 57 policlinic areas across 14 
provinces in Cuba. Eligible patients were randomized 2:2:1 to receive 
racotumomab-alum, nimotuzumab or docetaxel. The randomization 
was performed using dynamic allocation of minimization system and 

balanced according to age, gender, ECOG performance status, response 
to prior therapy, disease stage, histology, and previous treatment. 
Patients allocated in racotumomab-alum group received five bi-weekly 
intradermal immunizations (1mg) and re-immunizations every 4 
weeks. Nimotuzumab arm received 200 mg as a 1-hour intravenous 
infusion weekly for 6 weeks, followed by bi-weekly maintenance 
doses. Both drugs were administered until severe worsening of PS, 
unacceptable toxicity or patient requested discontinuation. Treatment 
was not discontinued at disease progression, even when other therapy 
line was administered concomitantly. Docetaxel was used at 75 mg/m2 
of body surface for six cycles if no progressive disease was documented 
after 3rd cycle.

Patients were evaluated with complete medical history, physical 
examination, laboratory tests, radiologic imaging, and Quality of life 
assessments at baseline. These evaluations were performed every 3 
months during the study period. 

The primary objective of our study was to demonstrate the non-
inferiority in terms of overall survival of racotomomab-alum or 
nimotuzumab versus docetaxel in an intent-to–treat analysis. As 
secondary objectives, we compared safety, quality of life, objective 
response rate and progression-free survival between treatment groups. 

Statistical considerations

Sample size was estimated using East version 4.0 software 
considering a 10% alpha error and 77% of power. Based on results 
expected for Docetaxel treatment (51% of 1-year OS rate) and a non-
inferiority margin of 15%, the trial hypothesized an expected 1-year 
OS around 36% for racotumomab-alum and nimotuzumab arms. 
Under 1:2:2 randomization and adding a 10% of dropout rate, a sample 
size of 233 subjects was estimated, 47 for Docetaxel and 93 for each 
racotumomab-alum and nimotuzumab, respectively. A one-sided 
confidence interval approach was used.

Kaplan-Meier estimates were used to assess the median time-to-
event parameters: overall survival and progression-free survival. Results 
for each treatment arm were compared respect Docetaxel treatment, 
using the log-rank test. For the primary endpoint, non-inferiority of 
racotumomab-alum or nimotuzumab to docetaxel would be confirmed 
if the upper limit of CI of median overall survival HR was lower than 
1.5. All tests of hypotheses were conducted using α= 0.1 level, with a 
90% CI. 

Overall survival was defined as the time from randomization until 
death from any cause and is measured in the intent-to-treat population. 
Objective response was evaluated using Response Evaluation Criteria 
in Solid Tumours version 1.1 [25] at baseline and every 3 months. 
Progression-free survival was calculated from randomization date to 
documented progressive disease or death. Quality of life was evaluated 
using QLQ-LC 30 and QLQ-LC 13 EORTC questionnaires (version 
3). Adverse events were classified using the National Cancer Institute 
Common Terminology Criteria, version 3.

The global characterization adverse events (by patient) among 
groups were assessed by the chi-squared test.

As a measure for Benefit-Risk ratio, a Factor Bayes was estimated for 
each treatment arm. Given p(x | benefit) by the probability distribution 
function for benefit (Overall Survival rate at 1 year) and p(x | risk) by 
the probability distribution function for risk (any Grade 3-4 treatment-
related adverse event) then the 

Bayes Factor (FB) is: 
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representing a summary of the evidence provided by the data in 
favor of benefit (red), as opposed to risk (blue). A value larger than 1 
means a favorable benefit-risk ratio. 

Results
Patients 

Between February 11, 2013, and January 21, 2016, 656 patients 
were screened for enter the trial. Two hundred and thirty-two advanced 
NSCLC patients were randomized, 93 to racotumomab-alum group, 93 
to nimotuzumab group and 52 to docetaxel group. All of them were 
included in the intent-to-treat analysis. Eighteen patients (7.6%) did 
not receive any dose of assigned treatment, mainly due to worsening in 
PS, death, or patient request.   At the data cut-off date December 2nd, 
2016, 192 patients (80.7%) of 238 had died. Main cause of treatment 
discontinuation in all study groups was worsening of performance 
status (Figure 1).

Baseline characteristics and demography are shown in Table 1. 
The three study arms were well balance for demographic and disease 
characteristics. Two patients in docetaxel group did not receive first-
line chemotherapy. Regarding response to first-line therapy, 12 patients 
were included by mistake in these setting of non-progressing patients. 
All of them were included in the ITT analysis.

The median number of doses received in racotumomab arm was 11 
with a range of one to 31. In Nimotuzumab group the median was 16 
with a range of one to 68.  In docetaxel arm the median number was 4 
with a range of one to six (data not shown). 

There was a small number of patients in experimental arms that 
received a second–line therapy at documented progressive disease: 
15 patients in nimotuzumab group (16.1%) and 13 patients in 
racotumomab arm (14%).  There were no patients treated with second-
line therapy in docetaxel arm. The most common regimen used was 
carboplatino/paclitaxel since there was no availability of registered 
drugs as pemetrexed, erlotinib, or checkpoint inhibitors in our country 
(data not shown).

Efficacy

The ITT median overall survival time in the group of patients treated 
with racotumomab was 9.8 months (CI 90%: 8.8; 13.7) compared to 
8,6 months (CI 90%: 5.9;11.3) in those included in docetaxel arm. The 
one-year OS rate was 43.5 % for racotumomab and 31 % for docetaxel 
group. In the group treated with nimotuzumab the median OS was 
11.2 months (CI 90%: 8.6 ;14.1) and the one-year OS rate was 47.8 %. 
Both experimental treatments were non-inferior to docetaxel in the 
ITT analysis for the OS endpoint. The non-inferiority condition was 
confirmed because the upper limit of the CI of the hazard ratio of 

Figure 1: CONSORT diagram.
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ITT population (n=238) Docetaxel
(n=52) 

Nimotuzumab
(n=93) 

Racotumomab
(n=93) 

Age
   ≤ 60 years    19 (36.5) 35 (37.6) 31 (33.3)
   > 60 years 33 (63.5) 58 (62.4) 62 (66.7)
   Mean ± SD 62.13 ± 8.06 62.61 ± 9.16 63.98 ± 9.11 
   Median ± IR 62.00 ± 11 64.00 ± 15 65.00 ± 12
Gender
   Male 37 (71.2) 55 (59.1) 51 (54.8)
   Female 15 (28.8) 38 (40.9) 42 (45.2)
Ethnic origin
   White 32 (61.5) 62 (66.7) 66 (71.0)
   Afro-caribbean 12 (23.1) 13 (14.0) 9 (9.7)
   Other 8 (15.4) 18 (19.4) 18 (19.4)
Disease stage
   IIIB 14 (28.6) 38 (41.8) 32 (35.2)
   IV 35 (71.4) 53 (58.2) 59 (64.8)
   NA 1(1.9) 2(2.2) 2(2.2)
ECOG PS
   0 26 (53.1) 43 (47.8) 45 (49.5)
   1 22 (44.9) 45 (50.0) 45 (49.5)
   2 1 (2.0) 2 (2.2) 1 (1.1)
   NA 3 (5.8) 3 (3.2) 3(3.2)
Smoking status
    Current smoker 17 (33.3) 24 (26.1) 36 (39.6)
   Former smoker 28 (54.9) 58 (63.0) 46 (50.5)
   Never smoker 6 (11.8) 10 (10.9) 9 (9.9)
   NA 1(2.0) 1(1.1) 2(2.2)
Histology
   Squamous cell carcinoma 19 (36.5) 27 (29.3) 28 (30.1)
   Adenocarcinoma 18 (34.6) 33 (35.9) 33 (35.5)
   Large cell carcinoma 10 (19.2) 19 (20.7) 15 (16.1)
   NSCLC NOS 2 (3.8) 11 (12.0) 16 (17.2)
   Other 3 (5.8) 2 (2.2) 1 (1.1)
   NA 0(0) 1(1.1) 0(0)
First-line treatment
   Chemotherapy 50 (96.2) 93 (100.0) 93 (100,0)
   Radiotherapy 16 (30.8) 35 (37.6) 33 (35.5)
Response to first-line
   Complete response 3 (5.8) 6 (6.5) 6 (6.5)
   Partial response 16 (30.8) 34 (36.6) 34 (36.6)
   Stable disease 30 (57.7) 48 (51.6) 47 (50.5)
   Progression disease 2 (3.8) 5 (5.4) 5 (5.4)
   NA 1 (1.9) 0 (0.0) 1 (1.1)

Table 1. Patient demography and baseline characteristics.

 Abbreviation: NOS, not otherwise specified. NA, not available

nimotuzumab arm [90% CI NI HRT/C (0; 1.06)] and racotumomab arm 
[90% CI NI HRT/C (0; 1.08)] was under de non-inferiority margin (HR 
T/C =1.5) (Figure 2).

Progression-free survival analysis is shown in Figure 3. Median PFS 
in racotumomab-alum arm was 4,4 months (CI 90% 4.1;5.6), compared 
with 4.0 months (CI 90%: 3.5; 5.9) in docetaxel arm. Patients treated 
in nimotuzumab group obtained a median PFS of 4.6 months (CI 
90%: 4.3; 6.5). There were no differences between experimental groups 
versus docetaxel regarding this endpoint. Log-rank test P values were: 
0.578 for racotumomab and 0.203 for nimotuzumab comparison versus 
docetaxel, respectively. 

There were no differences observed in terms of objective response 
between treatment arms in the evaluated population. Disease control 

rate at month 3 was: 50 % in nimotuzumab arm, 55.8% in racotumomab 
arm, and 56.4% in docetaxel arm. Similar behaviour was observed in 
the following evaluations. Analysing best overall response across the 
study, similar proportions of patients achieved a disease control rate 
between treatment arms (data not shown).

Quality of life assessment had similar results in the three arms across 
the study. A reduced number of patients had available information 
of these endpoint at baseline and one moment after: 30 patients in 
docetaxel arm, 55 in nimotuzumab arm and 56 in racotumomab 
group.  In transversal analysis at month 3 was detected a significant 
difference in the mean values of global health status, full function, 
cognitive function, and symptoms like pain, dysphonia, chest pain and 
constipation, in nimotuzumab treated patients (data not shown).
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Figure 2: Kaplan-Meier curves of Overall survival on ITT population. A: Racotumomab versus docetaxel. B: Nimotuzumab versus Docetaxel. C: Confidence intervals of hazard ratios and 
non-inferiority margin.
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Figure 3: Kaplan-Meier curves of Progression-free survival on ITT population. A: Racotumomab versus docetaxel. B: Nimotuzumab versus Docetaxel. 

Safety

A summary of safety information is shown in Table 2. Sixty-one 
percentage of patients in docetaxel group, 78.5 % in nimotuzumab 
group and 81.7 % in racotumomab group have presented at least one 
adverse event, regardless causality with study treatment. Grade 3-4 
treatment-related adverse events were registered in 11.5 % of docetaxel 
group, 1.1 % of nimotuzumab group and 1.1 % of racotumomab group, 
detecting a statistically significative relationship between Docetaxel 
treatment respect to Nimotuzumab and Racotumomab, respectively 

(p=0.008). SAE related to the study treatment were reported in 4.4 of 
docetaxel arm and 1.15 % of nimotuzumab arm. In racotumomab arm 
there was no report of treatment-related SAE. 

Most common racotumomab-related adverse events were: 
injection-site reaction (29. 8%), myalgia (19.0 %), fever (5.3 %) and 
arthralgia (5.0 %). In patients treated with nimotuzumab most frequent 
adverse events were: myalgia (21.9 %), fever (6.0 %), headache (5.7 %) 
and nausea (5.2 %). In docetaxel arm most frequent registered adverse 
events were: nausea (14.8 %), diarrhoea (14.8 %), anaemia (9.8 %) and 
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Docetaxel
(n=52)

Nimotuzumab
(n=93)

Racotumomab
(n=93)

Patients with any adverse event 32 (61,5) 73 (78,5) 76 (81,7)
Patients with any treatment-related adverse event 23 (44,2) 57 (61,3) 54 (58,1)
Patients with any Grade 3-4 adverse event 11 (21,2) 21 (22,6) 16 (17,2)
Patients with any Grade 3-4 treatment-related adverse event 6 (11,5) 1 (1,1) 1 (1,1)
Patients with any serious adverse event 6 (11,5) 24 (25,8) 18 (19,4)
Patients with any serious treatment-related adverse event 2 (4,4) 1 (1,15) 0 (0)
Adverse Event 183 (100) 1166 (100) 806 (100)
Treatment-related adverse event 122 (66,7) 402 (34,5) 343 (42,6)
Grade 3-4 adverse event 12 (6,5) 44 (3,8) 14 (1,7)
Grade 3-4 treatment-related adverse event 8 (4,4) 3 (0,26) 1 (0,12)
Serious adverse event 10 (5,5) 33 (2,8) 20 (2,5)
Treatment-related serious adverse event 2 (1,1) 1 (0,1) 0 (0)

Table 2: Adverse Event Summary.

Racotumomab-alum Nimotuzumab Docetaxel
Adverse event All grades Grade 3-4 All grades Grade 3-4 All grades Grade 3-4
Arthralgia 17(5.0) 0(0) 17(4.2) 0(0) 1(0.8) 0(0)
Fever 18(5.3) 0(0) 24(6.0) 0(0) 4(3.3) 0(0)
Myalgia 65(19.0) 0(0) 88(21.9) 3(0.7) 3(2.5) 0(0)
Injection-site reaction 102(29.8) 0(0) 0(0) 0(0) 0(0) 0(0)
Malaise 10(2.9) 0(0) 9(2.2) 0(0) 3(2.5) 0(0)
Mareos 11(3.2) 0(0) 4(1.0) 0(0) 0(0) 0(0)
Nausea 5(1.5) 0(0) 21(5.2) 0(0) 18(14.8) 0(0)
Vomiting 7(2.0) 0(0) 11(2.7) 0(0) 4(3.3) 1(0.8)
Headache 1(0.3) 0(0) 23(5.7) 0(0) 0(0) 0(0)
Weakness in limbs 0(o) 0(0) 14(3.5) 0(0) 0(0) 0(0)
Cramps in limbs 3(0.9) 0(0) 11(2.7) 0(0) 1(0.8) 0(0)
Asthenia 7(2.0) 0(0) 4(1.0) 0(0) 7(5.7) 0(0)
Anorexia 9(2.6) 0(0) 8(2.0) 0(0) 5(4.1) 0(0)
Anemia 2(0.6) 0(0) 8(2.0) 0(0) 12(9.8) 1(0.8)
Diarrhea 0(0) 0(0) 1(0.25) 0(0) 18(14.8) 1(0.8)

Table 3: Most common treatment-related adverse events.

NOTE: Data are number of adverse events (%)

asthenia (5.7 %). Most of the treatment-related adverse events were 
classified as mild or moderate (Table 3). Only 3 SAE were related to 
the study treatment: one patient treated with nimotuzumab with 
hypertension, and in docetaxel group were reported one pain in limbs 
and one anaemia grade 3, classified as treatment-related SAE. 

The benefit/risk ratio between treatment groups was assessed (see 
Figure 4, Supplemental Data 1). The odds for benefit were larger than 
for risk (Bayes Factor) for the three treatments groups, indicating 
a favorable benefit-risk balance. However, for Docetaxel treatment, 
FB=2.6 (<3) suggesting weak evidence for differentiating between 
benefit and risk. In Nimotuzumab and Racotumomab groups FB is 
greater than 15, allow us to think in stronger evidence in the favour 
of benefit. Redefining risk as any serious adverse event, FB=7.75 for 
Docetaxel arm, that is, moderate evidence in favour of benefit. In the 
other arms, FB is greater than 15 too, maintaining the idea of strong 
benefit-risk balance.

Discussion
In our randomized controlled trial advanced NSCLC patients 

treated as switch maintenance with nimotuzumab or racotumomab-
alum achieved a median overall survival like docetaxel group. The 
non-inferiority hypothesis proposed in the protocol was confirmed. 
However, the median survival in our trial is slightly inferior to the OS 
obtained in the reference trial reported by Fidias et al, and in other 
maintenance study with pemetrexed (m OS: 13.4 months) or erlotinib 

(mOS: 12.0 months). In the study reported by Perol, et al of pemetrexed 
versus placebo a 51 % of pemetrexed arm and 67 % of placebo arm 
received anticancer systemic therapy after discontinued study drug 
[26]. In the erlotinib maintenance trial published by Capuzzo, et al 71 
% in erlotinib arm and 72 % in placebo arm received any post-study 
drug at progression [27]. In our trial only 16.1 % and 14 % of patients 
in experimental arms received second-line therapy with no preferred 
drugs for this setting. It could be the main reason for our inferior result.

Progression-free survival was similar between treatment arms: 4.4 
months in racotumomab arm, 4.6 months in nimotuzumab arm and 
4.0 months in docetaxel arm. This median PFS is consistent with the 
reported by Ciuleanu, et al [28] in maintence trial of pemetrexed vs best 
supportive care (mPFS 4.3 m vs 2.6 m), and with 12.3 weeks of median 
PFS in erlotinib maintenance arm reported by Capuzzo. As we expected 
similar efficacy in our experimental arms, a difference in mPFS would 
not be a rational result. 

In terms of quality of life our results showed no difference between 
treatment arms.  This result is consistent with the Fidias trial, and 
with many other unable to demonstrate a difference in quality of life. 
Our main objective in this trial was to demonstrate a non-inferior 
efficacy of racotumomab and nimotuzumab, but we couldn’t obtain an 
achievement in quality of life of included patients. The loss of follow up 
in some cases, the early death in others, and the missing information 
in patients with a good treatment adherence could affect the analysis of 
this endpoint in our study.
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In terms of safety data, we confirmed the favorable toxicity profile 
of racotumomab and nimotuzumab in advanced NSCLC patients. 
Most treatment-related adverse events in experimental arms were 
mild or moderate. There was no death related to racotumomab or 
nimotuzumab. We expected to observe a fewer incidence of treatment 
related adverse event, but we couldn’t confirm that. In our opinion 
in docetaxel arm there was a low detection and registration rate of 
treatment-related adverse event. The frequency of administration of 
patients included in docetaxel arm was minor that the experimental 
groups, so, the probability to detect adverse event in 6 administrations 
was fewer than in 11 doses and 16 that was the median number of doses 
in racotumomab and nimotuzumab arm, respectively.

Conclusion
In conclusion, our study confirms the efficacy of racotumomab and 

nimotuzumab as switch maintenance therapy for advanced NSCLC 
in a non-inferiority approach comparison with docetaxel. Both drugs 
were well tolerated and would be administered in long-term use as a 
maintenance treatment option, with the aim to increase the overall 
survival of treated patients.
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