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Nimotuzumab is a monoclonal antibody against EGFR. The therapeutic efficacy of nimotuzumab

in cervical cancer treatment remains inconclusive, with current evidence insufficient to establish a
definitive clinical benefit. Therefore, this study compares the efficacy and safety of nimotuzumab
combined with concurrent chemoradiotherapy (CCRT) and CCRT in locally advanced cervical cancer
(LACCQ). Information on patients with stage IIB-IVA cervical cancer who received CCRT combined

with nimotuzumab or CCRT alone at five cancer centers from January 2021 to December 2022 were
collected. Propensity score (PS) matching analysis was used to compare nimotuzumab group and no-
nimotuzumab group. Clinical outcomes were analyzed. There were 195 patients enrolled. The 2-year
overall survival (OS) and progression-free survival (PFS) rates were 92.5% and 89.5%, respectively.
The objective response rate (ORR) was 90.8%. There were 60 patients in the nimotuzumab group and
135 patients in the no-nimotuzumab group. The nimotuzumab group had a better CR rate (51.7% vs.
26.7%, P=0.001) and ORR (98.3% vs. 87.4%, p=0.015) compared to the no-nimotuzumab group. After
PS matching, there were 54 patients in each group. There were no significant differences in 2-year OS
rate and PFS rate between the two groups before and after matching. However, the nimotuzumab
group had also a better CR rate and ORR compared to the no-nimotuzumab group after matching. The
incidence of grade 3-4 anemia was relatively higher in nimotuzumab group than in no-nimotuzumab
group after matching, while no difference was observed in other adverse events between the two
groups. The combination of nimotuzumab and CCRT for LACC improved CR rate and ORR, without
increasing side effects, which might become a potential treatment strategy for LACC patients.
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Cervical cancer is a life-threatening disease that is the fourth most commonly diagnosed neoplasm and the
fourth leading cause of cancer death in females. In 2020, there were approximately 604,000 new cases of cervical
cancer and 342,000 deaths globally, and its treatment remains a challenge'. Locally advanced cervical cancer
(LACC) accounts for about 37% of cervical cancer, including FIGO stage IIB-IVA, and the standard treatment
was platinum-based concurrent radiotherapy and chemotherapy (CCRT)?. At present, the 5-year overall survival
(OS) of LACC patients are about 70-82.5% following completion of CCRT, however a proportion of patients
experience recurrence or metastasis>*. As a result, there is a pressing need to explore potentially available
treatment approaches for LACC patients.
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Targeted therapy is an effective treatment option that can improve survival and reduce the adverse effects
of cancer®. Epidermal growth factor receptor (EGFR) belongs to the ErbB receptor tyrosine kinases family and
can regulate gene expression, development, cell growth, and differentiation. There is evidence that EGFR is
overexpressed in 70-90% of cervical cancer, and thus can be considered an effective target for patients with
cervical cancer®’. Nimotuzumab (also known as h-R3) is a humanized monoclonal antibody against EGFR,
which has been proven to have essential anti-tumor functions both in vitro and in vivo by inhibiting proliferation,
affecting angiogenesis, and promoting apoptosis®’. Compared to other anti-EGFR treatments, nimotuzumab
has advantages of low toxicity and low rash rates in a variety of tumors!'?, such as glioma, pancreatic cancer,
non-small cell lung cancer, and head and neck squamous cell carcinoma'!. Nimotuzumab has been approved
to be used in combination with radiotherapy for the treatment of EGFR positive stage III/IV nasopharyngeal
carcinoma and has the effect of sensitized radiotherapy'. Most cervical cancers are also induced by virus
and express EGFR, just like nasopharyngeal carcinoma. Previous studies had shown that the combination of
nimotuzumab and CCRT could improve the therapeutic efficacy of cervical cancer, however, these studies were
either single center study, outdated, or had small sample sizes'*!%. Despite its potential, nimotuzumab has not
yet been assessed in well-powered randomized studies for cervical cancer. Here, we conducted a multicenter
retrospective study comparing the efficacy and safety of CCRT combined with nimotuzumab and CCRT alone
in the treatment of LACC patients.

Methods

Patients

This multicenter retrospective study analyzed consecutive patients with histologically confirmed cervical
carcinoma treated between January 2021 and December 2022 at five tertiary medical centers: the Second
Xiangya Hospital of Central South University, Changde Hospital, the First Affiliated Hospital of University of
South China, the Second Affiliated Hospital of University of South China, and the central hospital of Yongzhou.

The following patients were included in the study: (1) Histopathologically verified squamous cell carcinoma,
adenocarcinoma, or adenosquamous carcinoma of the cervix. (2) FIGO 2018 stage IIB-IVA disease treated with
either concurrent chemoradiotherapy (CCRT) plus nimotuzumab or CCRT alone, (3) Minimum 12-month
follow-up with complete oncological records.

The following patients were excluded from the study: (1) Comorbid malignancies, active infections,
hematologic disorders, or major organ dysfunction, (2) Prior cervical cancer treatment (surgery/radiotherapy/
systemic therapy), (3) Metastatic disease (M1) or pregnancy.

The last follow-up was conducted in January 2024. All methods were performed in accordance with the
relevant guidelines and regulations, and informed consent was obtained from all subjects and/or their legal
guardian(s). The study was conducted in accordance with the Declaration of Hensinki and approved by the
appropriate ethics review board of the five participating hospitals. The experimental protocols were approved by
the ethics review board of the Second Xiangya Hospital of Central South University, Changsha, China.

Treatment
All patients underwent platinum-based CCRT. The experimental arm received weekly nimotuzumab (200 mg)
concurrent with radiotherapy. Chemotherapy regimens were individualized based on renal function and
performance status: (1) Tri-weekly: Paclitaxel (135-175 mg/m?) + cisplatin (50-70 mg/m?) or carboplatin (AUC
4-5). (2) Weekly: Cisplatin (30-40 mg/m?). Sequential: 6 cycles cisplatin followed by 2 cycles paclitaxel/cisplatin.

Intensity-modulated radiotherapy (IMRT) was delivered using Varian 23EX linear accelerators with 6-MV
photons, planned via Eclipse Treatment Planning System (v11.0). Gross tumor volume of the lymph nodes
(GTVnd) includes positive lymph nodes, which was confirmed using computed tomography (CT), magnetic
resonance imaging (MRI), or positron-emission tomography (PET), and the clinical target volume (CTV)
included entire uterus, parts of vagina, parametrium, GTVnd and the regional-nodal basin. The planning target
volume (PTV) was systematically delineated through a 7-10 mm isotropic margin expansion encompassing
both the gross tumor volume (GTV) and clinical target volume (CTV), ensuring adequate coverage of subclinical
disease and accounting for potential geometric uncertainties. Cone-beam CT was performed weekly. The CTV
dose was 45-50 Gy with 1.8-2 Gy administered daily, and the GTVnd dose was 60 Gy with 2.4 Gy administered
daily. After 10-15 fractions of EBRT, brachytherapy will begin. Patients received 2D intracavitary brachytherapy
(iridium 192) with a dose of 30 Gy/5fx to point A (defined as 2 cm lateral to the central canal of the uterus
and 2 cm above the cervical opening) once a week beginning at the later time of EBRT. The entire RT course
(including EBRT and brachytherapy) was completed within 8 weeks.

Nimotuzumab was administered 200 mg once a week for a total of 6 weeks, starting on the same day as CCRT.
The imaging examination was carried out 2 months after the end of radiotherapy.

Data collection and follow-up

Baseline demographic and clinical characteristics encompassing age at diagnosis, FIGO stage (2018), histological
subtype, maximal tumor diameter, chemotherapy regimen, and pretreatment imaging findings (contrast-
enhanced CT, pelvic MRI, or 18 F-FDG PET/CT) were prospectively recorded in standardized case report forms.
Systematic tumor response assessment was conducted 8 weeks post-radiotherapy using RECIST 1.1 criteria
through triple-phase contrast-enhanced CT scans. Follow-up after the completion of CCRT includes every 3
months in the first 2 years, every 6 months in the next 3 years, and every year thereafter. At each follow-up
visit, physical examination, imaging examination, hematology examination or cervical cytology examination are
selected according to the patient’s condition.
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Statistical analysis

All analyses were performed using SPSS 26.0 (IBM Corp., Armonk, NY) with statistical significance set at
a=0.05 (two-tailed). Overall survival (OS) was defined as time interval from pathological diagnosis to all-cause
mortality or censoring diagnosis until the date of death or final follow-up. Progression-free survival (PFS) was
defined as survival from the date of diagnosis until the date of (1) disease progression, (2) relapse, (3) mortality
from any cause, or (4) final follow-up. ORR refers to the proportion of patient achieving complete/partial
response (CR/PR) according to RECIST 1.1. Safety was estimated by the National Cancer Institute Common
Terminology Criteria for Adverse Events (NCI-CTCAE), version 3.0.

Patients were classified into the nimotuzumab group and no-nimotuzumab group. Treatment outcomes were
compared between the two groups after 1:1 ratio propensity score (PS) matching with the nearest neighbor
matching method using calipers of width equal to 0.01 of the SD of the logit of the PS, and adjusted for age, BMI,
chemotherapy regimen, and chemotherapy cycles. Categorical variables were analyzed using x* or Fisher’s exact
tests as appropriate. Survival distributions were compared via Kaplan-Meier methodology with log-rank testing.
Multivariable Cox proportional hazards models generated adjusted hazard ratios (HR) with 95% confidence
intervals.And it was confirmed that all methods were performed in accordance with the relevant guidelines and
regulations.

Results
Patient characteristics
During the period from January 2021 to December 2022, 224 patients were collected in this research. The
median follow-up time was 20 months (12-36months). The median age of patients was 57 years (32-90 years).
There were 106 patients received doublet agent concurrent chemotherapy, and 60 patients received single agent
concurrent chemotherapy, and 29 patients received single + doublet agent concurrent chemotherapy. The median
chemotherapy cycle is 4. All patients completed external irradiation and brachytherapy. Patients” characteristics
are summarized in Table 1.

The study cohort comprised 60 patients receiving nimotuzumab and 135 controls in the non-nimotuzumab
group. Comparative analysis of baseline characteristics revealed some imbalances between groups, particularly
in age distribution and chemotherapy cycles.

Before matching After matching
Variable Overall (%) | Nimotuzumab (%) | No- Nimotuzumab (%) | P value | Nimotuzumab (%) | No- Nimotuzumab (%) | P value
Total 195 (100) | 60 (30.8) 135 (69.2) 54 (50) 54 (50)
Median BMI* 22.892 22.638 23.111 0.110 61 59 0.508
Median Age(y) 57 63 56 0.021 22.75 21.542 0.115
PS score* 0.957 0.696
0 10 (5.1) 3(5.0) 7 (5.2) 3(5.6) 4(7.4)
1 185(94.9) 57(95.0) 128 (94.8) 51(94.4) 50(92.6)
Stage 0.093 0.521
1B 77 (39.5) 22 (36.7) 55 (40.7) 22(40.7) 21(38.9)
1IIA 3(1.5) 1(1.7) 2(1.5) 1(1.9) 1(1.9)
I11B 36 (18.5) 6(10.0) 30 (22.2) 5(9.3) 10(18.5)
11IC 78 (40.0) 30 (50.0) 48 (35.6) 26(48.1) 21(38.9)
IIIC1 68
IVa 1(0.5) 1(1.7) 0 (0.00) 1(1.9) 0(0.0)
Tumor diameter 0.360 0.844
<4cm 72 (36.9) 25 (41.7) 47 (34.8 21(38.9) 22(40.7)
>4 cm 123 (63.1) 35(58.3) 88 (62.5 33(61.1) 32(59.3)
Pathology 0.651 0.153
Squamous carcinoma | 190 (97.4) 58 (96.7) 132 (97.8) 52(96.3) 54(100)
Adenocarcinoma 5(2.6) 2(3.3) 3(2.2) 2(3.7) 0(0.0)
Median cycle 4 0.002 0.700
< Median cycle 82 (42.1) 35 (58.3) 47 (34.8) 29(53.7) 27(50.0)
>Median cycle 113(57.9) 25 (41.7) 88 (65.2 25(46.3) 27(50.0)
Regimen 0.348 0.968
Doublet agent 106 (54.4) | 28 (46.7) 78 (57.8) 28(51.9) 27(50.0)
Single agent 60 (30.8) 22 (36.7) 38 (28.1) 10(18.5) 11(20.4)
Single + doublet 29 (14.9) 10 (16.7) 19 (14.1) 16(29.6) 16(29.6)

Table 1.

Clinical characteristics of patients. Significant values are in italics. *BMI: Body Mass Index, ECOG:
PS: Performance status.
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Fig. 1. (A) Progression-free survival and (B) overall survival of all patients with LACC. (C) Progression-free
survival and (D) overall survival of nimotuzumab group and no-nimotuzumab group before matching. (E)
Progression-free survival and (F) overall survival of nimotuzumab group and no-nimotuzumab group after
matching.

Before matching After matching

Prognosis Overall Nimot b | No- Nimot b | Pvalue | Nimotuzumab | No- Nimotuzumab | P value
Treatment response 0.001 0.003
CR 67 (34.4%) | 31 (51.7%) 36(26.7%) 28(551.9%) 12(22.2%)

PR 110 (56.4%) | 28 (46.7%) 82 (60.7%) 25(46.3%) 36(66.7%)

SD 18 (9.2%) 1(1.7%) 17(12.6%) 1(1.9%) 6(11.1%)

CR response 0.001 0.001
CR 67 (34.4%) | 31 (51.7%) 36 (26.7%) 28(51.9%) 12(22.1%)

Non-CR 128 (65.6%) | 29 (48.3%) 99 (73.3%) 26(48.1%) 42(77.8%)

Binary response 0.015 0.003
CR+PR 177 (90.8%) | 59 (98.3%) 118 (87.4%) 53(98.1%) 48(88.9%)

SD 18 (9.2%) 1(1.7%) 17 (12.6%) 1(1.9%) 6(11.1%)

2-year PFS rate 89.5% 89.1% 89.4% 0.971 87.5% 94.4% 0.406
2-year OS rate 92.5% 92.7% 92.5% 0.836 91.6% 94.4% 0.927

Table 2. Clinical treatment response of patients with or without nimotuzumab before and after matching.
Significant values are in italics.

Prognostic analysis and propensity score analysis

The 2-year OS and PFS rates of all patients were 92.5% and 89.5%, respectively (Fig. 1A, B). There was no
statistically significant difference in PFS and OS between two groups (Nimotuzumab group vs. No- Nimotuzumab
group: 2-year PFS: 89.1% vs. 89.4%, p=0.971, OS: 92.7% vs. 92.5%, p=0.836) (Fig. 1C, D). The CR rate and ORR
of all patients were 34.4% and 90.8%, respectively. Patients who received nimotuzumab had better CR rate and
ORR than those who did not received nimotuzumab (CR rate: 51.7% vs. 26.7%, p=0.001, ORR: 98.3% vs. 87.4%,
p=0.015). Prognosis information was summarized in Table 2.

After PS matching, there were 54 patients in each group. All background factors between the two groups
were well-balanced (Table 1). There was no significant difference between two groups after matching in terms
of 2-year OS rate (91.6% vs. 94.4%, p=0.927) and PFS rate (87.5% vs. 94.4%, p=0.406) (Fig. 1E, F), however
nimotuzumab group had a better CR rate (51.9% vs. 22.1, p=0.001) and ORR (98.1% vs. 88.9, p=0.003) than

Scientific Reports |

(2025) 15:15877

| https://doi.org/10.1038/s41598-025-98359-4 nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

Before matching After matching
Nimotuzumab | No- Nimotuzumab Nimotuzumab | No- Nimotuzumab

Adverse Effect Overall (%) | 59 144 Pvalue | 54 54 Pvalue
Hematologic 166(94.3) | 50(90.9) 116(95.9) 0744 | 45(91.8) 48(96.0) 0.439
G3-4 83(47.1) 26(47.3) 57(47.1) 0.984 26(53.1) 20(40) 0.193
Neutropenia 134(76.1) 36(65.5) 98(81.0) 0.106 31(63.3) 38(76.0) 0.281
G3-4 45(25.6) 12(21.8) 33(27.3) 0442 | 12(24.4) 10(20) 0.591
Thrombocytopenia | 79(45.1) 22(40.0) 57(47.5) 0.487 17(34.7) 22(44.0) 0.195
G3-4 15(8.5) 6(10.9) 9(7.4) 0.445 6(12.2) 3(6.0) 0.280
Anemia 139(79) 41(74.5) 98(81.0) 0.302 39(79.6) 39(78.0) 0.090
G3-4 43(24.4) 17(30.9) 26(21.5) 0.178 | 17(34.7) 8(16.0) 0.032
Nonhematologic

Radiation proctitis | 64(36) 26 (46.4) 38(31.1) 0.306 21 (42.0) 15(30.0) 0.363
G3-4 3(1.7) 1(1.8) 2(1.6) 0.944 | 1(2.0) 1(2.0) 1.000
Nausea/vomiting | 63(35.8) 19 (34.5) 44 (35.4) 0.845 14 (28.6) 19 (38.0) 0.460
G3-4 3(1.7) 0(0) 3(2.5) 0.239 0(0) 2(4.0) 0.157
Radiation cystitis | 15(8.5) 4(7.3) 11 (9.1) 0.773 4(8.2) 5(12) 0.526
G3-4 0(0) 0(0) 0(0) 0(0) 0(0)

Fatigue 57 (32.4) 22 (40.0) 35(28.9) 0.205 17 (34.7) 13 (26.0) 0.438
G3-4 2(1.1) 0(0) 2(1.7) 0.338 0(0) 1(2.0) 0.320

Table 3. Adverse event profiles. Significant values are in italics.

no-nimotuzumab group. At 2-year follow-up, the nimotuzumab-treated group achieved a local control rate of
95.0%, compared with 94.1% in the non-nimotuzumab group.

Safet
In total),l 176 patients included in the analysis of adverse events. There were 94.3% of patients experienced
hematologic toxicity, of which 47.1% had grade 3-4 hematologic toxicity; 35.8% had nausea/vomiting, of which
1.7% had grade 3-4 nausea/vomiting; 36% had radiation proctitis, of which 1.7% had grade 3-4 radiation
proctitis, 8.5% had radiation cystitis, and 32.4% had Fatigue.

After matching, only the incidence of grade 3-4 anemia was higher in nimotuzumab group than in no-
nimotuzumab group, while there was no difference in the incidence of other adverse events between the two
groups (Table 3). No drug-related severe AEs or deaths occurred.

Discussion

EGFR can regulate cell proliferation and signal transduction, and can be implemented as a target for the
treatment of various tumors’®. As a humanized monoclonal antibody targeting EGFR, nimotuzumab has
the effect of improving therapeutic efficacy in many tumors with acceptable toxicity, such as oesophageal
cancer!, pancreatic cancer!’, and head and neck cancer'®. The synergistic mechanism of nimotuzumab is still
unclear. The possible mechanisms are as follows: better improving the imbalance of T lymphocyte subsets and
increasing the frequency of Tregs in peripheral blood of tumor patients!®, blocking EGFR and inhibiting EGFR
phosphorylation®, increasing apoptosis and G2/M phase arrest?!.

In this study, it was found that nimotuzumab combined with CCRT improved the CR rate and ORR of LACC
without increasing toxicity compared with CCRT alone. However, there were no significant difference between
two groups in terms of 2-year OS and PFS rate. The follow-up time and sample were limited, which may be the
reason why there is no difference in prognosis. CR and ORR reflected the short-term efficacy of treatment, and
mainly evaluated the direct impact of treatment on tumors. They were very important indicators.

A prospective study of neoadjuvant chemoradiotherapy combined with nimotuzumab followed by surgery
for LACC was conducted, and 36.4% had complete pathology response, the 2-year locoregional control rate,
progression-free survival rate, distant metastasis-free survival rate, and overall survival rate were 95.0%, 85.2%,
84.0%, and 90.0%, respectively??. Another study compared the efficacy of nimotuzumab combined with CCRT
with that of CCRT, and 120 patients were enrolled. The results showed the CR rate (86.15% vs. 70.91%, P=0.040)
and 3-year cumulative PFS rates (79.73% vs. 59.69%, P=0.039) were significantly higher in the nimotuzumab
group!'®. Another comparative study which enrolled 53 patients, showed that combining nimotuzumab with
CCRT for the treatment of LACC resulted in extended median PFS (not reach vs. 27 months, P=0.037) and
higher CR rates (78.3% vs. 50%, P=0.035) than CCRT alone'“. The results of the previous studies were consistent
with those of this study.

Another mouse and human chimeric anti-EGFR monoclonal antibody, cetuximab, has also been explored
for the treatment of LACC. A randomized controlled Phase II study of 78 patients reported that there was
no significant difference in DFS and OS between the cetuximab combined with CCRT group and CCRT
group (2-year DFS: 63% vs. 76%, 2-year OS: 83% vs. 87%)**. Another single-arm study about cetuximab plus
chemoradiotherapy for LACC revealed that 5-year PFS and OS rates for were 57.5% and 58.5%, respectively. The
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treatment was tolerable, and neoadjuvant cetuximab had an early response?*. To date, no randomized controlled
trials have been conducted to evaluate the efficacy of nimotuzumab in treating cervical neoplasms. Current
evidence suggests that the therapeutic efficacy of cetuximab combined with concurrent chemoradiotherapy
(CCRT) in locally advanced cervical cancer (LACC) remains limited, with a paucity of robust clinical studies.
Large-scale randomized controlled trials are warranted to validate the clinical benefits of cetuximab in cervical
cancer treatment.

Regarding the safety analysis, nimotuzumab showed a tolerable and acceptable toxicity profile. In our study,
only the incidence of grade 3-4 anemia was higher in nimotuzumab group than in no-nimotuzumab group,
while there was no difference in the incidence of other adverse events between the two groups after matching.
The common AEs were hematological toxicity, nausea and vomiting, radiation proctitis, radiation cystitis,
and fatigue, just like the toxicity of CCRT alone. Most AEs were generally manageable and no new toxicity
signals emerged, with similar safety data in other studies®. A study on the treatment of LACC with cetuximab
showed significant non hematological AEs, including grade 3 acneiform rash?!. Cetuximab was reported with
an acneiform rash of 80% in advanced cervical cancer in another study?®. However, nimotuzumab lacks skin
toxicity with a low rash rate, which is consistent with this study and other safety results”’. In summary, our
observation supports the favorable safety of nimotuzumab in the treatment of LACC population.

Nowadays, PD-1 inhibitors combined with CCRT are approved for the treatment of LACC. The phase
III trial of pembrolizumab combined with CCRT in the treatment of LACC showed that the 2-year PFS of
pembrolizumab + CCRT group were better than those of CCRT group (2-year PES: 67.8% vs. 57.3%, P=0.0020).
However, the research of immunotherapy plus anti-EGFR antibody plus concurrent chemoradiotherapy in the
treatment of LACC is still blank and needs further exploration.

There were some limitations in this study. First, this was a retrospective study, thus the bias cannot be
ruled out. Second, the sample size was small, and the follow-up time was short. In addition, the variation of
chemotherapy regimen in our study was another limitation. It is expected that a large sample size randomized
controlled study will be carried out to verify the results of this study.

Conclusion

The combination of nimotuzumab and CCRT for LACC improved CR rate and ORR, without increasing side
effects. Consequently, the combination of CCRT with nimotuzumab holds potential as a reasonable therapeutic
strategy for the patients with LACC and provides the basis for further exploration in LACC population.
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