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Background. Nimotuzumab exerts its antitumor effect (mainly antiproliferative, proapoptotic, and antiangiogenic) by blocking the
epidermal growth factor receptor overexpressing between 30 and 95% in pancreatic tumors cells. Methods. A prospective,
nonrandomized, uncontrolled, open-label, and multicenter clinical trial was conducted to evaluate the safety and effectiveness
of nimotuzumab combined with gemcitabine as first-line treatment in unresectable locally advanced or metastatic pancreatic
tumors in a real-world condition. Adverse events, their intensity, severity, and causality were determined using the Common
Terminology Criteria for Adverse Events (CTCAE, version 4.0). Median overall survival, median progression-free survival, and
1- and 2-year survival rates were determined by using the Kaplan-Meier. Results. 69 patients were included. The proportion of
related serious adverse events was 1.2%. The most frequent adverse events were nausea (10%), anemia (8%), and abdominal
pain (8%). Objective response was achieved in 18.5% of the patients and disease control in 43.1%. Patients with locally
advanced disease achieved a median overall survival of 16.36 months (95% CI; 14.35-18.38); 1- and 2-year survival rates of
72.2 and 29.2 months, respectively; a median progression-free survival of 9.6 months (95% CI; 4.91-14.20); and a 1-year
progression-free survival rate of 39%. Patients with metastatic disease achieved a median survival of 6.23 months (95% CI;
4.32-8.13); 1- and 2-year survival rates of 18.1 and 3.0 months, respectively; a median progression-free survival of 7.6 months
(95% CI; 6.08-9.90); and 1- and 2-year PFS rates of 20.5 and 5.1 months, respectively. Conclusions. Nimotuzumab combined
with gemcitabine represents a safe and effective first-line treatment option for patients with advanced pancreatic
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adenocarcinoma in real-world conditions. Survival benefits were increased in those patients who received 8 or more doses of
nimotuzumab. This trial is registered with RPCEC00000245 in the Cuban Registry of Clinical Trials, part of the World Health
Organization’s International Clinical Trials Registry Platform (ICTRP).

1. Introduction

In 2020, pancreatic cancer (of 36 most common types of
cancer) was ranked the 14th place worldwide in terms of
incidence and the 7th place with respect the mortality [1].
Most patients with pancreatic cancer present advanced dis-
ease at diagnosis, and despite radical resection, the 5-year
survival rate is only 10–25%. More than 80% of patients
diagnosed with PC are not suitable for surgical treatment
owing to local or distant metastasis [2].

The most used cytotoxic drug for the treatment of pan-
creatic adenocarcinoma has been gemcitabine, as monother-
apy or combined with other treatments. The combination of
gemcitabine plus nab-paclitaxel results more effective for
locally advanced diseases than the rest of the combinations.
The selection of the most appropriate regimen for each
patient continues to depend on clinicopathologic stratifica-
tion, and the development of appropriate biomarkers
remains as a challenge [3]. There is not enough evidence to
support which is the most appropriate regimen as a second
line of chemotherapy after failure of the first line [4, 5]. In
metastatic cancer, the preferred regimen is also the FOLFIR-
ONOX regimen (5-fluorouracil, irinotecan, and oxaliplatin),
although it results in a higher incidence of adverse events
than gemcitabine alone [6]. The benefit of neoadjuvant ther-
apy includes the elimination of micrometastasis and the
reduction of the primary tumor, both factors associated with
a decrease in the incidence of tumor recurrence [7]. How-
ever, phase III clinical trials are required to increase the
quality of the evidence regarding its use [5].

The molecular characterization, the epigenomic, and the
genomic profile of pancreatic adenocarcinoma have allowed
a better understanding of the disease and have opened the
doors to the study of other therapeutic approaches. The
deeply immunosuppressive tumor microenvironment of
pancreatic ductal adenocarcinoma, the dense stroma, the
presence of inhibitory cytokines, few inhibitory T cells, and
the low mutational tumor burden have played an important
role in the failure of immunotherapy for the treatment of
cancer of the pancreas [8]. Nevertheless, there are currently
more than 150 clinical trials with multiple cytotoxic agents
combined with new therapeutic agents that focus on the
immune system, different therapeutic targets, the pancreatic
stroma, and the tumor microenvironment, as adjuvant or
neoadjuvant therapy for the treatment of pancreatic adeno-
carcinoma [5, 8]. Despite all efforts, survival at 5 years to
date has only undergone modest changes and does not
exceed 8% [5, 7], hence the importance of continuing to
study new therapeutic alternatives.

The epidermal growth factor receptor (EGFR) is overex-
pressed in pancreatic tumor cells where it is believed to pro-
mote cell survival, proliferation, tissue invasion, and
metastasis formation while inhibiting apoptosis [9]. In addi-
tion, overactivation of EGFR signalling contributes to down-

regulation of tumor cell immunogenicity through a decrease
of HLA-I-dependent antigen presentation and upregulation
of suppressive signals mediated by programmed death ligand
1 (PD-L1) and inhibitory cytokines, or by reprograming met-
abolic pathways after aerobic glycolysis upregulation [10].

Nimotuzumab is a humanized monoclonal antibody that
mainly exerts its mechanism of action by competitively inhibit-
ing the binding of the EGF ligand to the extracellular domain of
the EGFR. The binding to EGFR leads to a further inhibition of
the homodimerization or heterodimerization of this receptor
and subsequent autophosphorylation of its tyrosine residues.
The consequent inhibition of different canonical and nonca-
nonical ligand-induced signal-transduction pathways results
in suppression of tumor growth, inhibition of the mitogenic
stimulation of malignant cells, and, therefore, their persistent
proliferation and invasiveness. The processes of angiogenesis
and metastasis are also inhibited, and apoptosis is activated.
Nimotuzumab also elicits other immune responses such as the
activation of natural killer (NK) cells and tumor cell lysis
through antibody-dependent cellular cytotoxicity (ADCC).
Furthermore, nimotuzumab activates adaptive immunity
through tumor antigen- (TA-) specific CD8+ T cells and
increases the expression of the human leukocyte antigen
(HLA) class I-dependent antigen presentation molecule
(known as signal 1) that allows induced T cells to recognize
and kill EGFR+ tumor cells, reversing one EGFR-mediated
mechanism of immune escape that can benefit tumors [10].

Nimotuzumab has been evaluated in clinical trials for the
treatment of different types of cancer, obtaining evidence of
benefits in terms of therapeutic effect and a broad safety pro-
file [11–14].

Gao et al. found that nimotuzumab combined with
gemcitabine-based chemoradiation promotes the enhance-
ment of the cell cycle arrest, growth suppression, and apo-
ptosis of EGFR-overexpressed pancreatic cancer cell lines
PANC-1 [15]. In a clinical setting, a phase II study proved
the safety and activity of nimotuzumab-200mg as second-
line monotherapy in patients with locally advanced or
metastatic pancreatic cancer [16]. Another two clinical trials
evaluated the synergistic effect of nimotuzumab-400mg
combined with gemcitabine-based regimen as first-line
treatment in the same indication, a Germany phase II study
[17] and a Chinese phase III study [18].

The present study was carried out to evaluate the safety
and effect of nimotuzumab combined with gemcitabine in
unresectable locally advanced or metastatic pancreatic
tumors in a Cuban real-world conditions.

2. Materials and Methods

2.1. Study Design. A prospective, uncontrolled, nonrandom-
ized, open, and multicenter study was conducted, to evaluate
the safety and effectiveness of nimotuzumab, in combination
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with gemcitabine, in first-line treatment or recurrent
patients with locally advanced and unresectable or metasta-
tic pancreatic tumor in the real-world conditions. All
included patients received a nimotuzumab fixed dose of
400mg intravenously as a 30-minute infusion, once a week.
The appearance of unacceptable toxicity were considered
cause of definitive interruption, as well as the patient’s
refusal or death, and also, the discontinuation of nimotuzu-
mab treatment for more than three weeks. Patients also
received gemcitabine 1000mg/m2 intravenously, 30min
infusion weekly, on days 1, 8, and 15, for 3 weeks followed
by a 1-week rest. The treatment cycle was repeated until
appearance of progression. Then, subsequent treatment
options could include capecitabine or continuous infusion
5-FU.

2.2. Ethical Considerations. The study was conducted in
agreement with the general principles adopted by the inter-
national community regarding biomedical research in
human subjects, with current state regulations according to
the requirements of the Cuban national regulatory agency,
as well as in the Guide to Good Clinical Practices of the
International Harmonization Conference (ICH E6). Besides,
it was approved by the Cuban Minister of Public Health, the
Institutional Ethics Committees of each hospital, and
CECMED. The informed written consent was obtained from
the patients before their inclusion in the investigation.

2.3. Eligible Patients. The main inclusion criteria are as fol-
lows: patients aged ≥ 18years who meet the diagnostic cri-
teria and expressed written willingness to participate in the
study by signing the informed consent, life expectancy equal
to or greater than 3 months, clinical status according to
ECOG criteria ≤ 2, and patients fit for chemotherapy and
with normal renal and hepatic function according to labora-
tory parameters.

The main exclusion criteria are as follows: prior antican-
cer chemotherapy including adjuvant gemcitabine for pan-
creatic cancer, any investigational agent received
concurrently or within the last 30 days, major surgery within
the previous 3 weeks, previous or concurrent malignancy
other than pancreatic cancer, uncontrolled ascites, or other
clinically significant comorbidities.

2.4. Methods. The safety and effectiveness analyses were per-
formed with all included patients who received at least one
dose of nimotuzumab. The main variable was the proportion
of patients with serious adverse events related to the admin-
istration of nimotuzumab (very probable, probable, and pos-
sible), and the corresponding 95% confidence interval was
calculated. The frequency of patients with each adverse event
was calculated, and the frequency distributions of each type
of reported event. Severity and causality were determined by
using the Common Terminology Criteria for Adverse Events
(CTCAE, version 4.0).

The effectiveness analysis was performed independently
for each stratum: locally advanced, metastatic, or recurrent
patients, and overall survival (OS) and progression-free sur-
vival (PFS) were determined. The clinical response was eval-

uated as defined by the Response Evaluation Criteria in Solid
Tumors (RECIST) version 1.0.

2.5. Statistical Analysis. Descriptive methods were used for
patient’s demographic and clinic characteristics, treatment
exposure, and safety analysis. For the analysis of overall sur-
vival, median values and 95% confidence interval (CI) were
estimated. OS and PFS were determined by the Kaplan-
Meier methodology, and 1- and 2-year survival rates were
estimated. For the clinical response, a point estimate and a
95% CI were performed for the proportion of patients with
complete response (CR) and objective response (CR+PR).
Statistical analysis was performed with SPSS program (ver-
sion 21.0).

3. Results

Between June 2017 and May 2020, 177 patients were evalu-
ated. Of these, 69 were included in the study (Figure 1).

The largest number included were patients with metasta-
tic disease. The data on the baseline characteristics of all the
patients analyzed are summarized in Table 1.

3.1. Safety. Most of the study patients received 8 or more
doses of nimotuzumab and at least 2 cycles of chemother-
apy. Adverse events were reported in 49 patients (73.11%).
A total of 319 adverse events of 83 different types were
recorded. Treatment-related adverse events were recorded
in 8.1% of patients. Severe AEs related to the treatment were
registered in 1.5% of the patients, of these only four AEs
(1.2%) related to the monoclonal (Table 2).

5.9% of the patients had treatment-related adverse
events, and the proportion of patients with at least one seri-
ous adverse event related to the treatment was 1.5%. Most of
the related AEs were mild and moderate and progressed
towards recovery or improvement. No patient died from
any adverse event associated with the use of the monoclonal
antibody. The most frequent AEs were nausea (10%), ane-
mia (8%), abdominal pain (8%), weakness (5%), and vomit-
ing (5%). The frequency of related AE was 8.1%, and the
proportion of serious AE related (very probable, probable,
or possible) with the use of nimotuzumab was 1.2%.
Table 3 shows the treatment-related adverse events appears
with nimotuzumab.

3.2. Survival Analysis. In the front-line setting, median over-
all survival of 9.0months (95% CI; 8.36-15.11) was reached,
and 1- and 2-year survival rates reached values of 38.8 and
7.6, respectively, while the overall mPFS was 8:03 ± 0:99
(6.08-9.90) months.

In patients with locally advanced disease, a global
median OS of 16.36 months (95% CI; 14.35-18.38) was
reached, and 1- and 2-year survival rates reached values of
72.2 and 29.2, respectively. In patients with metastatic dis-
ease, a global median OS of 6.23 months (95% CI; 4.32-
8.13) was reached, and 1- and 2-year survival rates reached
values of 18.1 and 3.0, respectively (Figure 2).

Figure 3 shows the results of overall survival for patients
who received 8 or more doses of nimotuzumab. In 20
patients with locally advanced disease, the mOS increased

3BioMed Research International



177 patients assessed for elegibility

23 locally advanced
disease

69 patients recruited

20 received 8 or more
doses of nimotuzumab

26 received 8 or more
doses of nimotuzumab

4 recurrent
disease

42 metastatic
disease

4 received 8 or more
doses of nimotuzumab

108 not included
(did not meet inclusion criteria)

Figure 1: Distribution of patients evaluated in the study.

Table 1: Distribution of patients according to demographic and clinical variables.

Demographic and clinical characteristics Locally advanced (N = 23) Metastatic (N = 42) Recurrent (N = 4)

Age (years)

Mean ± SD 61:2 ± 10:2 60:1 ± 10:9 60 ± 8:9
Median ± QR 59 ± 15 59 ± 19 59 ± 17
Min–Max 41-82 38-83 52-70

Weight (kg)

Mean ± SD 58:4 ± 11:3 58:9 ± 11:9 70:7 ± 12:8
Median ± QR 58 ± 13 57:5 ± 17:5 71 ± 24:7
Min–Max 42-86 29-85 56-85

Sex (no., %)
Female 8 (34.8) 15 (35.7) 1 (25.0)

Male 15 (65.2) 27 (64.3) 3 (75.0)

Skin color (no., %)

White 14 (60.9) 30 (71.4) 1 (25.0)

Black 4 (17.4) 9 (21.4) 1 (25.0)

Mixed 5 (21.7) 3 (7.1) 2 (50.0)

ECOG (no., %)

0 10 (43.5) 11 (26.2) —

1 10 (43.5) 22 (52.4) 4 (100)

2 3 (13.0) 9 (21.4) —

Tumor location (no., %)

Head 15 (65.2) 19 (45.2) 3 (75)

Body 2 (8.7) 4 (9.5) —

Tail — 7 (16.7) —

Mixed 6 (26) 12 (28.6) 1 (25)

SD: standard deviation; QR: quartile range.

Table 2: General information on adverse events.

Categories by patient1 and adverse events (AEs) Locally advanced (%) Metastatic (%) Recurrent (%) Total (%)

Patients with an adverse event 18 (78.3) 27 (67.5) 4 (100) 49 (73.1)

Patients with TRAE 1 (4.35) 2 (5.0) 1 (25) 4 (5.9)

Patients with grade 3-4 TRAE — 1 (2.5) — 1 (1.5)

Adverse events 125 (39.2) 160 (50.2) 34 (10.7) 319 (100)

Treatment-related AE 11 (8.8) 14 (8.7) 1 (2.9) 26 (8.1)

Grade 3-4 treatment-related AE — 4 (2.5) — 4 (1.2)
1Subject can be included in more than one category. TRAE: treatment-related adverse events.
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to 17.4 months (IC95% 15.56-19.17), and 1- and 2-year sur-
vival rates reached values of 78.7 and 31.9, respectively. In 26
patients with metastatic disease, the mOS increased to 8.4
months (IC95% 6.31-11.42), and 1- and 2-year survival rates
reached values of 23.0 and 4.6, respectively.

In patients with locally advanced disease, a median PFS
of 9.6 months (95% CI; 4.91-14.20) was reached, and the
PFS rate at one year was 39%. No patient achieved the 2-
year PFS rate. In 20 patients with locally advanced disease
who received 8 or more doses of nimotuzumab, the mOS
increased to 17.4 months (IC95% 15.56-19.17), and 1- and
2-year survival rates reached values of 78.7 and 31.9, respec-
tively (Figure 4).

In patients with metastatic disease, a median PFS of 7.6
months was reached (95% CI; 6.08-9.90), and the PFS rates
at one year and two years reached values of 20.5 and 5.1,
respectively.

3.3. Clinical Response. The study obtained a 3.1% of com-
plete remission and 15.4% of partial remission, which con-
tributed to an objective response rate of 18.5%, and the
disease control rate was achieved in 43.1% of the study
patients (Table 4).

In patients who received 8 or more doses of nimotuzu-
mab, the objective response increased to 26.1% and the dis-
ease control to 60.9%. In the stratum of patients with locally

Table 3: List of treatment-related adverse events according to CTCAE∗ (version 4.0).

Treatment-related adverse event (TRAE) No. of patients with the TRAE
Adverse events severity

Grade 1-2 Grade ≥ 3
Anorexia 1 1 —

Alkaline phosphatase increased 3 3 —

Alanine aminotransferase increased 1 1 —

Aspartate aminotransferase increased 1 1 —

Anemia 1 1 —

Glottis edema 1 — 1

Headache 4 3 1

Hematuria 1 1 —

Legs muscle weakness 1 1

Leukopenia 1 1

Myalgia 4 4 —

Nauseas 5 5 —

Perioral cyanosis 1 1

Rash 1 — 1
∗CTCAE: Common Terminology Criteria for Adverse Events.
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Figure 2: The Kaplan-Meier curves for overall survival in first-line treatment patients and according to disease status at inclusion. SD:
standard deviation; CI: confidence interval.
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advanced disease, a 39.1% of objective response was
obtained, and disease control was achieved in 60.9% of the
patients. Those patients who received 8 or more doses of
nimotuzumab reached a 45.0% of objective response and a
70.0% of disease control.

In patients with metastatic disease, a 7.14% of objective
response was obtained (only partial remission), achieving
control of the disease in 33.3% of the patients in this stra-
tum. Patients who received 8 or more doses of nimotuzumab
reached an 11.5% of objective response, and the disease con-
trol increased by 20%.

Of the four patients with recurrent disease upon inclu-
sion, 3 achieved a partial response and one stable disease;
thus, the control of the disease was achieved in all four.

4. Discussion

In the present study, with a mean follow-up time of 11.4
months, the very low toxicity profile of nimotuzumab was
confirmed when administered in combination with gemcita-
bine in conditions of real-world practice.
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Metastasic 8,37±1.05 (6,31-11,42) 23,0 4,6

0 5.0 10.0 15.0 20.0 25.0
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Metastatic

Figure 3: The Kaplan-Meier curves for overall survival in treatment patients with 8 or more doses of nimotuzumab and according to disease
status at inclusion. SD: standard deviation; CI: confidence interval.
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Figure 4: The Kaplan-Meier curves for progression-free survival in first-line treatment patients and according to disease status at inclusion.
SD: standard deviation; CI: confidence interval.
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The fundamental problem in terms of toxicity of the
therapies that target the EGFR is the appearance of severe
rash, infiltrated lymphocytes, folliculitis, and other adverse
reactions that can cause in kidney cells and gastrointestinal
mucosa. These reactions are caused by the interaction of
these therapies with receptors found in other tissues of the
body than the tumor [19, 20]. Nimotuzumab requires biva-
lent binding in conditions of high EGFR cell surface density
for stable receptor docking and has a low affinity for normal
tissue receptors, allowing it to selectively bind to EGFR-
overexpressing tumor cells. The intermediate affinity of
nimotuzumab results in an appropriate selectivity with an
efficient localization to the tumors because their uptake by
normal tissues with lower EGFR expression is very limited
[21]. This accounts for the antitumor activity in the absence
of severe adverse reactions seen with other anti-EGFR anti-
bodies [20–22].

Table 5 summarizes the main results on safety and sur-
vival from clinical trials with combinations of anti-EGFR
+chemotherapy as first-line treatment in patients with
locally advanced or metastatic pancreatic adenocarcinoma.

In the phase III randomized clinical trial comparing the
anti-EGFR monoclonal antibody cetuximab+gemcitabine
versus gemcitabine as monotherapy, toxicity was significant
to detriment of the monoclonal antibody. There was no sig-
nificant difference between the groups when assessing over-
all survival, and the combination was less effective than
gemcitabine alone; therefore, its use was not approved for
the treatment of these patients [23].

Ko et al. studied patients with previously untreated
locally advanced or metastatic pancreatic adenocarcinoma
that were randomized to bevacizumab (10mg/kg q2w) plus
cetuximab (400/250mg/m2 initial/weekly), either with (arm
A) or without (arm B) gemcitabine (1000mg/m2weekly 3x
for 4 weeks). The primary study endpoint was progression-
free survival (PFS). Sixty-one patients were randomized to
arm A (n = 30) or arm B (n = 31). Median treatment dura-
tion was 9 weeks in arm A and 8 weeks in arm B (range,
2.0–40.4). Patients in arm A had median PFS and overall
survival values of 3.55 months and 5.41 months, respec-
tively, compared to 1.91 months and 4.17 months in arm

B. The study closed early due to lack of sufficient efficacy
in both treatment arms. Although both regimens were well
tolerated, patients treated with gemcitabine experienced
more grade 3–4 toxicities, including proteinuria and throm-
boembolic events. The combination of cetuximab and beva-
cizumab did not result in promising activity with or without
gemcitabine [24].

The anti-EGFR tyrosine kinase inhibitor erlotinib was
the first to show a slight increase in survival in combination
with gemcitabine in the Phase III NCIC CTG PA.3 clinical
trial that included 569 patients with advanced or metastatic
pancreatic cancer, randomized to receive erlotinib+gemcita-
bine, or gemcitabine alone. A statistically significant benefit
was obtained in favor of patients treated with the combina-
tion: in terms of global OS (HR, 0.82; p = 0:038) and PFS
(HR, 0.77; p = 0:004). The mOS was 6.24 months, and the
rate at one year was 23%, compared with 5.91 months and
17%, respectively, in the control group. In the group of
patients treated with concurrent chemotherapy with erloti-
nib, rash and diarrhea, grades 1-2, and rash grade 2 were
more frequent, although associated with better response
and OS in this group [25].

The OSAG Phase III study that compared the combina-
tion of nimotuzumab and gemcitabine versus gemcitabine in
patients with locally advanced or metastatic pancreatic can-
cer obtained a statistically significant clinical improvement
in global OS and PFS with the combination of nimotuzumab
and gemcitabine. In this study, data from 186 patients were
analyzed: 93 in the nimotuzumab+gemcitabine group and
93 in the placebo+gemcitabine group. In patients treated
with nimotuzumab, a 2-month advantage in overall survival
was achieved, with a median overall survival of 8.6 months;
survival rates at 12 and 18 months of 34% and 17%, respec-
tively, in this group; and a statistically significant difference
when compared with the control group (p = 0:03), which
reached a median of 6.03 months and survival rates at 12
and 18 months of 19.2% and 9.0%, respectively. A 1.7-
month PFS advantage was also obtained in patients treated
with the combination, with a median PFS of 6.03 months
and a 12-month PFS rate of 22.0% in this group and a differ-
ence statistically significant when compared to the control

Table 4: Clinical response for the first-line treatment stratum.

Response to treatment
Global population

Locally advanced
N (%)

Metastatic
N (%)

Total
N (%)

Complete response (CR) 2 (8.7) — 2 (3.08)

Partial response (PR) 7 (30.4) 3 (7.14) 10 (15.4)

Stable disease (SD) 5 (21.7) 11 (26.2) 16 (24.6)

Progressive disease (PD) 4 (17.4) 6 (14.3) 10 (15.4)

No objective evaluation (NE)∗ 5 (21.7) 19 (45.2) 24 (36.9)

Objective response (OR) 9 (39.1) 3 (7.14) 12 (18.5)

95% confidence interval (CI) 26.0-73.9 3.2-37.8 15.5-7.7

Disease control (DC) 14 (60.9) 14 (33.3) 28 (43.1)

95% confidence interval (CI) 52.3-93.5 45.7-88.1 58.4-9.0

Total 23 (100) 42 (100) 65 (100)
∗Included patients who had either early death or symptomatic deterioration but no objective evaluation.
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group (HR 0.68; p = 0:02), which reached a median of 5.1
months and survival rates at 12 and 18 months of 19.2%
and 9.0%, respectively. The safety profile for the combina-
tion was favorable and comparable to that of the placebo
group, with tremors, fatigue, and fever as the most frequent
events (slightly) for the combination. Nimotuzumab was not
associated with additional hematological adverse events, and
only 15% of the patients experienced dermatological toxicity,
mainly in grades 1-2 [17].

In another phase III clinical trial, a total of 92 Chinese
patients were randomly assigned to the nimotuzumab-
gemcitabine (n = 46) or placebo-gemcitabine groups
(n = 46). In the full analysis set (FAS, n = 82), the mOS was
significantly longer in the nimotuzumab-gemcitabine group
(10.9 vs. 8.5 months, p = 0:025, HR 0.50, 95% CI (0.06 to
0.94). The 1-year survival rate was 43.6% in the nimotuzu-
mab+gemcitabine group vs. 26.8% in the placebo+gemcita-
bine group and 13.9% vs. 2.7% at three years [18].

Table 5: Summary of the main results of clinical trials with anti-EGFR+chemotherapy as first-line treatment in patients with locally
advanced or metastatic adenocarcinoma of the pancreas.

Study Arms
mPFS

(months)
mOS

(months)
Clinical

response (%)
Safety concerns Reference

OSAG
Phase IIb
(Schultheis
et al., 2017)

Nimotuzumab 400mg+gem
(n = 93) versus gem+placebo

(n = 93)

5.1 vs. 3.4
(HR = 0:68;
p = 0:0163)

8.6 vs. 6.0
(HR = 0:69;
p = 0:0341)

CR: -
PR: 8.6 vs. 8.6
SD: 54.8 vs. 43.0
DC: 63.0 vs.

52.0

The most frequent adverse
events were fatigue (21.5% of
patients, one patient grade 3),
pyrexia (in 16.1%), chills (in

11.8%), and rash (in 15.1%, two
patients grade 3)

[17]

NOTABLE
Phase III
(Qin et al.,
2022)

Nimotuzumab 400mg+gem
(n = 46) versus gem+placebo

(n = 46)

4.2 vs. 3.6
(HR, 0.56;
95% CI,

0.12-0.99; p
= 0:013)

10.9 vs. 8.5,
(HR, 0.50;
95% CI,

0.06-0.94; p
= 0:025)

No statistical
difference in the
ORR between
the two groups

(p > 0:05)

The most common grade 3
treatment-related AEs in the

nim+gem group were
neutropenia (11.1%),
leukopenia (8.9%), and

thrombocytopenia (6.7%). No
grade 4 treatment-related AEs

[18]

Phase III
(Phillip
et al., 2010)

Cetuximab+gem (n = 224) versus
gem (n = 202)

3.4 vs. 3.0
(HR = 1:07;
95% CI,

0.93 - 0.24;
p = 0:18)

6.3 vs. 5.9
(HR = 1:06;
95% CI,

0.91-1.23; p
= 0:19)

CR: -
PR: 8.0 vs. 7.0
SD: 37 vs. 30
DC: 45.0 vs.

37.0
The ORR was
similar in both
arms of the

study (p = 0:59)

Patients receiving cetuximab
+gem: 16% of patients with
grade 4-5 toxicities; 7 with
grade 5 toxicities; cetuximab

was associated with an
increased frequency of allergic
reactions and skin toxicities
including acne and rash. 48%
patients with grade 2-3 skin

toxicities

[23]

Phase II
(Ko et al.,
2012)

Cetuximab+bevacizumab+gem
(n = 30) versus cetuximab
+bevacizumab (n = 31)

3.55 vs. 1.91 5.41 vs. 4.17

CR: 3.4 vs. 0.0
PR: 10.3 vs. 3.4
SD: 31.0 vs. 24.1
DC: 44.8 vs.

27.6

Patients treated with
gemcitabine experienced more
grade 3–4 toxicities, including

proteinuria and
thromboembolic events. The

study closed early due to lack of
sufficient efficacy in both

treatment arms

[24]

NCIC CTG
PA.3 Phase
III (Moore
et al., 2007)

Erlotinib+gem (n = 285) versus
gem+placebo (n = 284)

3.75 vs. 3.55
(HR, 0.77;
95% CI,

0.64-0.92; p
= 0:004)

6.24 vs. 5.91
(HR, 0.82;
95% CI,

0.69-0.99; p
= 0:038)

CR+PR: 8.6 vs.
8.0

SD: 48.9 vs. 41.2
DC: 57.5 vs.
49.2 (p = 0:07)

Patients receiving erlotinib and
Gem: higher frequencies of
grade 1-2 rash, diarrhea,

infection, and stomatitis. Seven
patients had an interstitial lung
disease- (ILD-) like syndrome
possibly related to therapy

[25]

Phase II
(Tai et al.,
2016)

Cetuximab+bevacizumab+LGCF
(n = 31) versus LGCF (n = 28)

9.0 vs. 3.0
(p < 0:0001)

10.0 vs. 7.0
(p = 0:004) N/A

Targeted treatment group had a
higher frequency of severe

grade 3 nausea and vomiting
than the conventional

treatment group (74.2% vs.
7.1%, respectively)

[26]

CI: confidence interval; HR: hazard ratio; N/A: not available; ORR: objective response rate; OS: overall survival; PFS: progression-free survival; Gem:
gemcitabine; LGCF: leucovorin, gemcitabine, cisplatin, and 5FU.
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The safety and survival results for the nimotuzumab
+gemcitabine combination also reflected in the abovemen-
tioned German and Chinese studies could be considered
together with other clinical-demographic variables such as
ECOG and age when thinking about a personalized therapy
in a real-world condition.

Lima et al. evaluated the response to treatment and over-
all survival of 118 patients with advanced pancreatic adeno-
carcinoma in an observational and retrospective Cuban
study. Patients were treated with nimotuzumab but com-
bined with a GEMOX (gemcitabine+oxaliplatin) chemother-
apy regimen. The median survival was 13.8 months (95% CI:
11.7-15.8). The second line of chemotherapy was adminis-
tered to 42 patients, obtaining a median survival of 17.4
months (95% CI: 13.5-21.4). 51 grade 3-4 adverse events
were reported, presented in 27 patients (22.9%). The most
frequent adverse events were neuropathy (14.4%), neutrope-
nia (10.2%), and thrombocytopenia (9.3%) [27].

The combination of leucovorin, gemcitabine, cisplatin,
and 5FU (LGCF) combined with bevacizumab and cetuxi-
mab versus LGCF was compared in a phase III study in
patients with locally advanced or metastatic pancreatic ade-
nocarcinoma. The benefit was achieved to the detriment of
immunotherapy, in mPFS (3.0 versus 9.0 months) and
mOS (7.0 vs. 10.0 months) [26].

The phase III clinical trial of Imaoka et al. compared the
combination of gemcitabine and S-1 (tegafur/gimeracil/oter-
acil), versus S-1 alone, and in a third group, gemcitabine
alone, in patients older than 70 years with unresectable pan-
creatic cancer. It was found that there was no statistically
significant benefit for the combination, superior to that of
gemcitabine monotherapy. Median OS values of 10.2
months, 8.0 months, and 8.5 months, respectively, were
reached [28].

When analyzing specifically survival results in locally
advanced disease, the mOS of 16.4 months and the 1-year
survival rate (72.2%) obtained in our study in this patients
were higher than the value obtained by the patients in the
Phase III OSAG study with the same disease status and
treatment [17], which may be due to a synergistic effect
between prolonged maintenance therapy with nimotuzumab
(median treatment in patients with locally advanced disease
was 42 administrations) and the effect of subsequent chemo-
therapy (median duration of chemotherapy was 6 cycles). In
the OSAG study, in the group treated with nimotuzumab,
the subgroup of 23 patients with locally advanced disease
achieved a 1-year survival rate of 58.3%, without statistical
significance when compared with the same subgroup in the
placebo arm. However, there was a statistically significant
difference when comparing the PFS rate at 12 months of
37.5% in this group, with that of the control group. The
median duration of treatment in patients in this subgroup
who received concurrent nimotuzumab therapy was 4 cycles
(with a range of 1-21 days), which is equivalent to 16 admin-
istrations of nimotuzumab, while the observation time was
12 months. The authors considered that the survival benefit
obtained was probably influenced by the administration of
second-line chemotherapy (in more than 40% of the patients
in each arm) [17].

In a 2016 randomized study that again compared gem-
citabine alone versus gemcitabine and erlotinib, but only in
patients with locally advanced disease, the median OS in
the combination group was lower than that achieved in
those treated with gemcitabine alone (11.9 versus 13.6
months, respectively) [29] and five months lower than the
value obtained in our study.

The mOS obtained in patients with metastatic disease in
the present study was five months lower than the value
obtained by the FOLFIRINOX subgroup in the PRODIGE
study and two months lower than the result obtained in
the nab-paclitaxel+gemcitabine subgroup in the MPACT
study. Also, the mOS obtained in the present study is one
month higher than that achieved by the subgroup of 69
patients with metastatic disease treated with nimotuzumab
in the OSAG study (17.2%) [17]. In patients who received
more than eight doses of nimotuzumab, the benefit
increased in five months (23%).

The Phase III study “MPACT” compared nab-paclitaxel
+gemcitabine (431 patients) versus gemcitabine (430
patients) in metastatic patients. It obtained a median OS of
8.7 months in the group treated with the combination, OS
rate of 35% at 12 months, and a median PFS of 5.5 months.
An increase of 1.8 months in OS was obtained in the combi-
nation group compared to monotherapy [30].

In the Phase II-III trial “PRODIGE 4,” which compared
gemcitabine with FOLFIRINOX versus gemcitabine in
patients with metastatic pancreatic cancer and good perfor-
mance status, an increase of 4.3 months in median survival
was obtained in favor of the combination (11.1 vs. 6.8
months; p < :001). Similarly, a statistically significant benefit
was obtained in PFS (6.4 vs. 3.3 months; p < 0:001) [6].

In our study, the overall objective response was lower than
that achieved in other published studies. The overall disease
control rate obtained in the present study was lower than
that achieved in the group of patients treated with the same
treatment scheme in the OSAG Phase III study [17], but it
was increased by almost 20% in patients who received 8 or
more doses of nimotuzumab. It may confirm the importance
of long-term treatment with the monoclonal antibody.

The primary limitation of this study is that the number
of subjects required to estimate the proportion of patients
with serious adverse events related to the use of the product
was not reached, and the sample size was small. Another
limitation deals with the impossibility to perform any bio-
marker determination to identify subgroups of patients that
could receive greater survival benefits. Nevertheless, there
are evidence that pancreatic cancer cells with EGFR high
expression were sensitive to nimotuzumab treatment
in vivo [31] and results for EGFR-overexpression just reach
statistical significance in the German clinical trial [17].
Regarding KRAS, the most commonly mutated gene in
PDAC, Zhou et al. found that its status had no impact on
antitumor efficacy of nimotuzumab in pancreatic cancer
cells in vivo [31]. However, patients whose tumors harbored
a KRAS wild-type experienced significantly better survival
than those with KRAS mutations in two clinical trials [17, 18].

Immunotherapy and targeted therapy did not yield sig-
nificative changes in pancreatic cancer, due to PDAC tumor
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immune microenvironment with lack of infiltrating T cells
and low tumor mutational burden. Also, the biomarkers
commonly used to predict immunotherapy efficacy in other
tumors seem to be useless in PC [32]. However, immuno-
therapy remains a future breakthrough in the treatment of
PDAC. An effective strategy to combat this “cold” tumor
could be a multimodal immunotherapy combination of
agents that target diverse immune-tumor interactions and
multiple resistant mechanisms [33].

With the exception of erlotinib and nimotuzumab, all
EGFR inhibitors failed in clinical trials in PDAC, indicating
the presence of underlying molecular mechanisms that bestow
intrinsic and acquired resistance to this group [34, 35]. Thus,
only a subpopulation of PDAC patients benefit from EGFR
inhibition (Table 5). In spite of this fact, nimotuzumab interme-
diate affinity seems to results in an adequate balance between
antitumor potency and pharmacodynamics, conferring the
monoclonal a safety advantage that allows its chronical admin-
istration whereas exhibiting a preferable toxicity profile among
anti-EGF-R mAbs currently used in the clinical setting [20–22].

5. Conclusions

Nimotuzumab combined with gemcitabine as first-line treat-
ment option represents a safe and useful alternative for the
treatment of PDAC under real-world conditions. The admin-
istration of nimotuzumab as part of possible multimodal com-
bination of agents that target a subset of cancer-associated
fibroblasts or their secreted products (e.g., TGF-β), could be
explored as an alternative to overcome the heterogeneity issues
of pancreatic cancer. Also, with this purpose could be explored
the possibility to develop next generation antibodies such as
bi-specific antibodies or antibody-drug conjugates with this
monoclonal. These treatment modalities may amplify an
adaptive T cell immune response as well as offset mechanisms
of resistance. Forthcoming researches will be done to validate
the previous statement and to explore the crosstalk between
EGFR canonical and noncanonical signalling pathways and
their potential utility for additional therapeutic strategies with
the monoclonal. Furthermore, finding surrogate biomarkers
of response and evaluating the influence of tumor immune
infiltration on the clinical outcome of nimotuzumab remains
challenging.
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