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Summary

Objective. This study aims to use the maximum standardised uptake value (SUVmax) of 18F-fluoro-
deoxyglucose positron emission tomography to improve the cost effectiveness of nimotuzumab 
(NTZ) in locoregionally advanced nasopharyngeal carcinoma (LA-NPC).
Methods. Two hundred and forty-eigh patients with LA-NPC, who met the inclusion criteria, were 
recruited from January 2012 to June 2019. The survival differences and independent factors were 
assessed using the Kaplan-Meier method and by Cox proportional hazards regression analysis. A 
cost effectiveness analysis was performed.
Results. The optimal cut-off value for SUVmax was 12.92. Multivariable analysis indicated a prognostic 
significance of overall survival (OS) for the NTZ treatment (p = 0.023) and SUVmax (p = 0.014). The ex-
ploratory subgroup survival analysis revealed that LA-NPC patients with SUVmax > 12.92 treated with 
concurrent chemoradiotherapy (CCRT) and NTZ had a significantly improved 3-year OS compared to 
patients treated with CCRT alone (96.2 vs 73.2%, p = 0.047). Furthermore, the treatment cost for NTZ 
was $6,317.61. This incurred an additional cost of $274.68 for every 1% increase in OS. 
Conclusions. For patients with LA-NPC with SUVmax > 12.92, the addition of NTZ to CCRT can 
improve OS and is cost effective. 

Key words: nasopharyngeal carcinoma, nimotuzumab, maximum standardised uptake value, cost 
effectiveness

Cover figure. Role of PET/CT in improving the cost-effectiveness of nimotuzumab in naso-
pharyngeal carcinoma.
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Introduction
Nasopharyngeal carcinoma (NPC) incidence, and the morbidity 
and mortality that arise from it in Southern China, Southeastern 
Asia, and North Africa, are the highest in the world with poor-
ly differentiated or undifferentiated squamous cell carcinoma 
being the main histotypes 1. NPC is a highly invasive tumour, 
and the majority of cases (up to 70%) are locally advanced at 
the time of detection 2. The standard of care for locoregionally 
advanced nasopharyngeal carcinoma (LA-NPC) are induction 
chemotherapy (IC) followed by concurrent chemoradiotherapy 
(CCRT), CCRT followed by adjuvant chemotherapy, or CCRT 
alone 3,4. Although intensity-modulated radiation therapy (IM-
RT) has significantly improved the overall survival (OS) of 
locoregionally advanced cases, approximately 20-30% of pa-
tients continue to have an unfavourable prognosis due to distant 
metastasis, with or without recurrent disease 5. Therefore, novel 
treatment alternatives that can prolong the survival of LA-NPC 
patients are urgently warranted. 
The overexpression of epidermal growth factor receptor 
(EGFR), which is an Erb-B receptor tyrosine kinase, occurs 
in nearly 70% of NPC cases 6. This may lead to a poor prog-
nosis in NPC patients 7,8, and a high rate of treatment resist-
ance due to tumour cell proliferation. Nimotuzumab (NTZ) is 
the improved version of the anti-EGFR monoclonal antibody, 
and this has shown promise for LA-NPC patients treated with 
CCRT. A large cohort study revealed that CCRT combined 
with NTZ can lead to better 5-year OS with tolerable side ef-
fects compared to CCRT alone (76.1 vs 72.3%, p = 0.004) in 
NPC patients with EGFR expression. Furthermore, NTZ is ap-
proved for the treatment of stage III-IVa NPC in combination 
with radiotherapy (RT) and CCRT 9. Although the addition of 
NTZ has exhibited significant survival benefits, TNM staging 
alone in LA-NPC patients who received CCRT combined with 
NTZ remains inadequate to determine the clinical outcomes. 
Thus, additional indicators are needed to guide clinical prac-
tice. Furthermore, the cost of NTZ remains an enormous fi-
nancial burden, making this unlikely to be considered as cost 
effective for patients in China 10. Therefore, it is imperative to 
identify factors that lead to clear survival benefits from NTZ. 
18F-fluorodeoxyglucose positron emission tomography/
computed tomography (18F-FDG PET/CT) is used to stage, 
assess the curative effect, and predict the prognosis of pa-
tients with solid tumours 11,12. Modern imaging techniques, 
in addition to obvious information on the dimensions of the 
tumour, can provide useful metrics for biomarkers, espe-
cially when using 18F-FDG PET/CT. These metrics include 
metabolic tumour volume (MTV), total lesion glycolysis 
(TLG), and maximum standardised uptake value (SUV

max
). 

A previous study conducted by the investigators revealed 

that SUV
max

 plays a crucial role in reflecting the invasive 
and metastatic potential of NPC 13. In addition, some studies 
have revealed that SUV

max
 is useful in determining the prog-

nosis of NPC 14,15. However, no study has been conducted to 
determine whether SUV

max
 can be used to predict the treat-

ment response of NPC patients who received NTZ. There-
fore, the present retrospective study attempted to determine 
whether a pattern or association exists between EGFR ex-
pression of LA-NPC patients who underwent CCRT, with 
or without NTZ. Furthermore, the possible predictive value 
of SUV

max
 in 18F-FDG PET/CT was determined to identify 

high-risk patients, and further increase the cost effective-
ness of NTZ in LA-NPC.

Materials and methods 

Patient selection
The present retrospective study reviewed the medical re-
cords of newly diagnosed NPC patients in our centre from 
January 2012 to June 2019. A total of 248 patients, who 
satisfied the following inclusion criteria, was recruited for 
the present study: (1) Karnofsky performance score of ≥ 90; 
(2) histologically confirmed NPC; (3) immunohistochemi-
cally confirmed EGFR expression; (4) stage III-IVb NPC, 
as described by the American Joint Committee on Cancer 
7th TNM staging system; (5) IC followed by CCRT, with or 
without NTZ; (6) available 18F-FDG PET/CT data prior 
to IC; (7) no history of malignant disease; (8) no targeted 
therapy with any other anti-EGFR antibody.

Radiotherapy and chemotherapy
All patients received IMRT. The target volume, at-risk 
organ(s), and dose for the RT were delineated using a previ-
ously described treatment protocol 16. A total radiation dose 
of 69.7-70 Gy given over 33-35 fractions was prescribed 
for the primary gross tumour planning target volume (PTV) 
or the gross tumour volume, when lymph nodes were in-
volved. The high-risk region (CTV1) had a recommended 
dose of 62-62.7 Gy, while the low-risk region (CTV2) was 
given 54.4-56.2 Gy, in corresponding fractions. A margin 
of 3 mm was added to determine the PTV. Then, 2-3 cy-
cles of IC were administered to all patients prior to CCRT. 
The IC regimen used was TP (paclitaxel 135  mg/m2 on 
day 1 + cisplatin 80 mg/m2 on day 2) and GP (gemcitabine 
1,000 mg/m2 on days 1 and 8 + cisplatin 80 mg/m2 on day 
2). Cisplatin (80 mg/m2) was used for the CCRT regimen. 
The IC and CCRT regimens were administered through the 
intravenous route and were repeated every three weeks. RT 
was simultaneously administered at the first cycle of CCRT.
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Nimotuzumab
The full dose of NTZ was administered to 110 patients, ac-
cording to the decision of the patient to receive the medication, 
i.e. 200 mg of NTZ was intravenously administered, and this 
was repeated once a week for seven weeks prior to IMRT. 

18-FDG PET/CT imaging
All 248 NPC patients in the present study underwent 18F-
FDG PET/CT using a Gemini TF 64 PET/CT scanner 
(Philips, Holland). These patients were placed in the supine 
position and were instructed to fast for at least six hours 
prior to the 18F-FDG PET/CT, in order to maintain a blood 
glucose level within 3.9-6.5  mmol/L. A dose of 148-296 
MBq of 18F-FDG was intravenously administered. The 
scan was performed from the head to the proximal thigh, 
using the following parameters: slice width 4 mm, 140 kVp, 
2.5 mA, and matrix 512×512. The iterative reconstruction 
of the 18F-FDG PET/CT image was performed by CT-
based attenuation correction. The region of interest of the 
tumour lesion was used to define the 18F-FDG SUV

max
, and 

this was calculated as the ratio of decay-corrected tissue 
activity (nCi/mL) to the sum of the injected dose of FDG 
(nCi) and body weight (g) of the patient. The highest SUV 
of the primary tumour was calculated as the SUV

max
.

Clinical endpoints and follow-up 
Regular reviews were carried out at intervals of three months 
in the first two years, followed by intervals of six months dur-
ing the next five years, and subsequently once a year. The rou-
tine surveillance included the following: physical examination, 
haematological and biochemical tests, nasopharyngoscopy, 
enhanced magnetic resonance imaging of the head and neck, 
CT of the thorax, and ultrasound (USG) of the abdomen. The 
clinical endpoints were documented up to January 2022.
OS (defined as the time from day one after diagnosis to 
death due to any cause) and progression-free survival (PFS, 
defined as the time from day one after diagnosis to disease 
progression or death due to any cause) were the primary 
clinical endpoints. The other endpoints were: local recur-
rence-free survival (LRFS, defined as the time from day one 
after diagnosis to local recurrence), regional recurrence-
free survival (RRFS, defined as the time from day one after 
diagnosis to regional recurrence), locoregional relapse-free 
survival (LRRFS, defined as the time from day one after di-
agnosis to local or regional recurrence or both), and distant 
metastasis-free survival (DMFS, defined as the time from 
day one after diagnosis to the first distant metastasis). The 
period between the date of diagnosis and each event or the 
last review was defined as the clinical endpoint.

Statistical analysis
SPSS (version 23.0; IBM Corp, Armonk, NY, USA), Graph-
Pad Prism (version  9.3.0, GraphPad Software, San Diego, 
California, USA), and R software (version  4.0.5, The R 
Foundation for Statistical Computing) were used to ana-
lyse the recorded data. The receiver operating characteristic 
(ROC) curve was used to measure predictive value of SUV-

max
 in predicting NPC patients’ survival outcomes, and the 

maximal Jordan index (sensitivity + specificity – 1) was used 
to calculate the SUV

max
 value to determine the optimal value 

for predicting survival. SUV
max

 was converted into classifi-
cation variables using ROC curve. Age was converted into 
classification variables using a common clinical parameter 17. 
Differences between the CCRT alone group and CCRT with 
NTZ group were compared using Chi-square test. The maxi-
mal Jordan index was used to determine the optimal cut-off 
value for SUV

max
 in prognosis. The Kaplan-Meier method 

was used to determine OS, PFS, LRFS, RRFS, LRRFS, and 
DMFS. The differences in OS, PFS, LRFS, RRFS, LRRFS, 
and DMFS between groups were calculated using log-rank 
test. The variables that achieved significance in univariable 
analysis including SUV

max
 and the use of NTZ and the vari-

ables based on the previous study including age, gender, and 
TNM stage were further investigated in the multivariable 
analysis. Multivariable analysis was performed using Cox 
proportional hazards regression analysis. The hazard ratio 
and 95% confidence interval (CI) were estimated for each 
factor. All tests were two-sided, and a p-value of < 0.05 was 
considered statistically significant.
Using the exchange rate as of January 2022 (1 USD = 6.36 Chi-
nese Yuan [CNY]), all cost calculations were performed in US 
dollars (USD). The Diagnosis Related Groups (DRG) issued 
by the Medical Insurance Administration Bureau of China was 
used to determine the total cost of the CCRT. The total cost 
of the CCRT was $10,849.06, which included medical service 
fees, anti-cancer drugs, RT, treatments for chemoradiotherapy-
related adverse events, and radiographic examination or routine 
blood tests. The price for NTZ was $902.52 per week. The total 
cost of NTZ was not included in the total cost of the CCRT.
The cost effectiveness ratio (C/E%) and the incremental cost 
effectiveness ratio (ICER) were used to determine the out-
come measures for the cost effectiveness analysis. The C/E% 
was calculated by dividing the total treatment cost by the ef-
fectiveness. ICER was defined as the total cost difference per 
patient between the CCRT with NTZ group and CCRT alone 
group, divided by the difference in effectiveness between 
the two groups. China’s per capita gross domestic product 
(GDP) was $13,474.84 in the year 2022. Willingness-to-pay 
(WTP) is the threshold performed in economic predictions 
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which helps calculate the greatest amount for every addition-
al unit of effectiveness gained form a new intervention 18. An 
increase of 1% in OS rate with the cost of the GDP in 2022 
would mean an additional cost of $134.75. Cost effective-
ness acceptability analysis was conducted to evaluate opti-
mal strategies at given WTP thresholds. The WTP threshold 
was set as three times the GDP per capita with an increase of 
1% in OS rate, which was $404.25 in 2022 in China 13. 

Results

Patient demographics 
The clinical data of 5,511 consecutive newly diagnosed NPC 
cases were reviewed. In all, 248 LA-NPC patients (177 males 
and 71 females) who satisfied inclusion criteria were recruited 
for the present study (Fig. 1). The basic characteristics of all 
patients are summarised in Table I. The median follow-up time 
was 42 months (range: 6-96 months). The median age of these 
patients was 47 years, with an age range of 19-83 years. The 
absolute numbers and percentages of patients according to 
the extent of the primary tumour (T1, T2, T3, or T4) were 35 
(14.1%), 36 (14.5%), 124 (50%), and 53 (21.4%), respectively. 
The regional lymph node distribution for N0, N1, N2, and N3 
was 14 (5.6%), 71 (28.6%), 93 (37.5%), and 70 (28.3%), re-
spectively. For patients < 65 and ≥ 65 years old, the distribution 
was 228 (91.9%) and 20 (8.1%), respectively. The distribution 
for deaths, regional recurrence, local recurrence, local-regional 
relapse, and distant metastasis was 19 (7.6%), 13 (5.2%), 27 
(10.9%), 35 (14.1%), and 30 (12.1%), respectively. 

Impact of nimotuzumab on overall survival
Among the 55 LA-NPC patients with SUV

max
 >12.92, 29 who 

were treated with chemoradiotherapy alone were assigned to 
the CCRT alone group, while 26 who received chemoradio-
therapy and NTZ were assigned to the CCRT with NTZ group. 
Among the 193 LA-NPC patients with SUV

max
 ≤ 12.92, 109 

patients who were treated with CCRT alone were assigned to 
the CCRT alone group, while 84 patients who received CCRT 
and NTZ were assigned to the CCRT with NTZ group. The 
clinical characteristics of patients treated with CCRT alone and 
patients treated with CCRT and NTZ did not significantly dif-
fer (Tab. II). Patients who received CCRT plus NTZ had a bet-
ter 3-year OS compared to patients who only received CCRT 
(97.2 vs 91%; p = 0.018, Figure 2A), as determined by Kaplan-
Meier analysis. No significant difference was found for 3-year 
PFS (83.3 vs 80.1%; p = 0.407), 3-year LRFS (96.3 vs 89.2%; 
p = 0.193), 3-year RRFS (95.4 vs 86.4%; p = 0.086), 3-year 
LRRFS (98.2 vs 93%; p = 0.121), and 3-year DMFS (87 vs 
90.1%; p = 0.517) of patients who received NTZ, respectively.

Impact of SUVmax on overall survival
The average SUV

max
 for the entire cohort was 10.33 ± 5.69 

(range: 1.70-48.88). The area under concentration-time curve 

Figura 1. Study flow diagram.

Table I. Characteristics of the 248 LA-NPC patients.

Parameter Number of patients (%)

Gender

Male 177 (71.4)

Female 71 (28.6)

Age (years)

< 65 228 (91.9)

≥ 65 20 (8.1)

Primary tumour category
T1 35 (14.1)
T2 36 (14.5)
T3 124 (50)
T4 53 (21.4)

Regional lymph nodes category

N0 14 (5.6)

N1 71 (28.6)

N2 93 (37.5)

N3 70 (28.3)

Pattern of failure

Death 19 (7.6)

Local-regional relapse 13 (5.2)

Local recurrence 27 (10.9)

Distant metastasis 30 (12.1)
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for SUV
max

 was 0.596, and the sensitivity and specificity were 
0.438 and 0.920, respectively, based on the ROC curve analy-
sis. The optimal cut-off value was 12.92, based on the Jordan 
index. Kaplan-Meier analysis revealed that SUV

max
 ≤ 12.92 

had superior 3-year OS (95.7 vs 87.2%; p = 0.29, Figure 2B), 
3-year PFS (84.7 vs 59.7%; p = 0.034, Figure 2C), and 3-year 
LRRFS (97.3 vs 87.5%; p = 0.039, Figure 2D) compared to 
SUV

max
 > 12.92, respectively. There was no significant dif-

ference in 3-year LRFS (95.2 vs 85.3%; p = 0.127), 3-year 
RRFS (93.1 vs 75.4%; p = 0.062), and 3-year DMFS (90.9 
vs 79.3%; p = 0.121), according to the SUV

max 
≤ 12.92 com-

pared with SUV
max

 > 12.92. Prognosis was thus significantly 
better for SUV

max
 ≤ 12.92 when NTZ was used in LA-NPC 

considering OS, PFS, and LRRFS, which could affect the 
indices like LRFS, RRFS and DMFS, although this was not 
observed in statistical analysis. 

Multivariable analysis
Cox regression models were used to analyse the OS and PFS 
of the 248 patients in the present study. Using univariable 
analysis and previous study results  10, age, gender, TNM 
stage, SUV

max
, and use of NTZ were further investigated in 

multivariable analysis. The results demonstrated that SUV-
max ≤ 12.92 (p = 0.014) and treatment with NTZ (p = 0.023) 
were independent prognostic factors for better OS. Further-
more, SUV

max
 ≤ 12.92 was an independent prognostic factor 

for better PFS (p = 0.045) (Tab. III, Figs. 3A-B). 

Table II. Characteristics of the 248 LA-NPC patients treated with CCRT 
alone, and patients treated with CCRT plus NTZ.

Characteristic CCRT 
alone

CCRT 
plus NTZ

X2 p value

Gender 2.426 0.119

Male 104 73

Female 34 37

Age (years) 0.771 0.380

< 65 125 103

≥ 65 13 7

Primary tumour category 1.273 0.736

T1 21 14

T2 20 16

T3 65 59

T4 32 21

Regional lymph nodes 
category

0.468 0.926

N0 7 7

N1 39 32

N2 54 39

N3 38 32

SUV
max

0.244 0.621

< 12.92 109 84

≥ 12.92 29 26
LA-NPC: locoregionally advanced nasopharyngeal carcinoma; CCRT: concurrent 
chemoradiotherapy; NTZ: nimotuzumab; SUVmax: maximum standardised uptake value.

Figure 2. Survival curves for the 248 patients with LA-NPC, according to the following: (a) OS in the CCRT group vs CCRT+NTZ group, (b) OS for SU-
Vmax > 12.92 vs SUVmax ≤ 12.92, (c) PFS for SUVmax > 12.92 vs SUVmax ≤ 12.92, and (d) LRRFS for SUVmax > 12.92 vs SUVmax ≤ 12.92.

A

C

B

D
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Survival analysis between nimotuzumab and SUVmax 
in subgroups
According to multivariate analysis, NTZ and SUV

max
 were in-

dependent prognostic factors for OS. An exploratory subgroup 
survival analysis was conducted after stratification by SUV

max
 

(≤ 12.92 and > 12.92) to identify the stage III-IVb NPC patients 
who may benefit from NTZ, and determine whether the NTZ 
treatment was optimal for NPC patients with SUV

max
 > 12.92. 

Patients with SUV
max

 > 12.92 who received CCRT and NTZ 
had superior 3-year OS compared to patients with SUV

max
 

> 12.92 who received CCRT alone (96.2 vs 73.2%; p = 0.047, 
Figure 4A). No significant difference was found in 3-year PFS 
for patients with SUV

max
 > 12.92 who received CCRT and NTZ 

compared to those who received CCRT only (60 vs 57.1%; 
p  =  0.433). For patients with SUV

max
 ≤  12.92 who received 

CCRT and NTZ, no significant difference was found for 3-year 
OS (97.6 vs 94.3, p = 0.129, Figure 4B) or 3-year PFS (84.1 
vs 80%; p = 0.563) compared to patients with SUV

max
 ≤ 12.92 

who received CCRT only. For stage III-IVb NPC patients with 

SUV
max

 > 12.92, the 3-year OS increased by 23% in the ‘CCRT 
with NTZ’ group compared to the ‘CCRT alone’ group. This 
demonstrates that compared to the corresponding subgroups, 
NTZ treatment benefited patients with SUV

max
 > 12.92. For pa-

tients with SUV
max

 ≤ 12.92 who were treated with NTZ, there 
was no significant difference in OS (Tab. IV).

Cost effectiveness and sensitivity analysis
For stage III-IVb NPC patients, the total treatment cost for 
CCRT and NTZ per patient was $17,166.67, while the total 
treatment cost for only CCRT per patient was $10,849.06. 
The extra treatment cost for NTZ was $6,317.61. The C/E% 
for the 3-year OS of patients in the CCRT with NTZ group 
with SUV

max
 > 12.92 vs the CCRT alone group with SUV

max
 

> 12.92 was $178.45 and $148.21, respectively. The differ-
ence in effectiveness for 3-year OS with SUV

max
 > 12.92 

was 23%. Therefore, the ICER was only $274.68. This 
translates to an increase of 1% in OS rate for NPC patients 
with SUV

max
 >  12.92 after costing an additional $274.68 

(less than the WTP threshold of $404.25) (Fig. 5). However, 

Table III. Cox regression model for multivariable analysis of OS and PFS.

OS PFS

HR 95% CI p-value HR 95% CI p value

Gender

Male 1 1

Female 0.948 0.332-2.709 0.921 0.794 0.444-1.418 0.435

Age

< 65 years 1 1

≥ 65 years 2.000 0.427-9.357 0.379 0.360 0.087-1.491 0.159

T category

T1 1 0.979 1 0.512

T2 1.308 0.257-6.653 0.746 0.563 0.204-1.556 0.268

T3 0.898 0.149-5.431 0.907 0.759 0.346-1.668 0.493

T4 1.039 0.340-3.174 0.946 1.040 0.443-2.443 0.927

N category

N0 1 0.090 1 0.117

N1 0.0983 0.000-0.000 0.983 2.630 0.610-11.331 0.195

N2 0.348 0.105-1.151 0.084 1.803 0.407-7.993 0.438

N3 0.222 0.065-0.756 0.016 3.493 0.793-15.385 0.098

Nimotuzumab

Without 1 1

With 0.232 0.066-0.861 0.023 0.823 0.487-1.389 0.465

SUV
max

 (T)

< 12.92 1 1

≥ 12.92 3.736 1.300-10.734 0.014 1.787 1.014-3.150 0.045
OS: overall survival; PFS: progression-free survival; HR: hazard ratio; 95% CI: confidence interval; SUVmax: maximum standardised uptake value.



X-b Fu et al.

302

in the entire cohort, the ICER was $1,018.96 (more than the 
WTP threshold of $404.25).
In the sensitivity analysis, OS varied by ± 10%, yielding a C/E% 
for the 3-year OS of patients in the CCRT with NTZ group vs. 
the CCRT alone group of $199.15 vs $130.40, respectively. 

Discussion
The current study retrospectively analysed the treatment ef-
ficacy in 248 patients with stage III-IVb EGFR positive NPC 
who received standard CCRT with or without NTZ. Similar 
to previous studies, the addition of NTZ to standard CCRT 
conferred significant survival benefit for LA-NPC patients. 
The 3-year OS in the CCRT plus NTZ group was signifi-
cantly greater than patients who only received CCRT (97.2 vs 
91%; p = 0.018). The optimal cut-off value of SUV

max
 in pre-

dicting the survival outcome in NPC patients was 12.92. In 
multivariable analysis, SUV

max
 and the addition of NTZ were 

significant prognostic factors for OS. Moreover, patients with 
SUV

max
 > 12.92 who received targeted therapy with the ad-

dition of NTZ presented with a clear survival benefit (96.2 
vs 73.2%; p = 0.047). The previous study conducted by the 
investigators revealed that the additional cost for every 1% 
increase in the OS rate was $2,052.09. Thus, this could not be 
considered as cost-effective 10. The high-risk factor for LA-
NPC in the present study was SUV

max
 > 12.92. Thus, NTZ 

may help to improve the outcomes of high-risk LA-NPC 
patients. The difference in cost-effectiveness for the 3-year 
OS of stage III-IVa NPC patients with SUV

max
 > 12.92 was 

23% higher. The extra treatment cost of NTZ was $6,317.61. 
Therefore, the ICER was calculated as $274.68. This means 
that the additional cost of treatment was only $274.68 for 
every 1% improvement in OS rate. The WTP threshold was 
set as three times the GDP per capita with an increase of 1% 
in OS rate in 2022, which was $404.25 in China. The addi-
tional cost of NTZ in the study was significantly lower than 
WTP. Thus, NTZ can be cost-effective and may be recom-
mended for patients with LA-NPC and SUV

max
 > 12.92.

NPC arises from the epithelial cells in the nasopharynx 
and is a very aggressive malignancy. In 2020, the Interna-
tional Agency for Research on Cancer reported 133,354 
new cases and 80,008 new cancer-related deaths due to 
NPC worldwide. At present, the National Comprehensive 
Cancer Network (NCCN) guidelines recommend IC with 
CCRT, CCRT, or CCRT plus adjuvant chemotherapy as 
the standard treatment for stage III-IVb (locoregionally 
advanced) NPC. Even with precision RT and standard 
cisplatin-based chemotherapy, prognosis of patients with 
LA-NPC remains unsatisfactory, and 20-30% have recur-
rent disease and/or distant metastasis. Due to the signifi-

cant improvement in pathophysiology of the disease, a 
number of tumour gene targets have drawn the attention of 
researchers. Targeted therapy with an EGFR antibody has 
shown promise in improving the prognosis of patients with 
NPC. EGFR is an Erb-B receptor tyrosine kinase, and is 
widely overexpressed in head and neck cancer. Its intracel-
lular signal transduction leads to enhanced cell prolifera-
tion, inhibition of apoptosis, increased angiogenesis, and 
promotion of metastasis. A recent study reported that high 
EGFR expression can lead to early recurrence and low OS, 
combined with a low disease-free survival (DFS), in stage 
II-IV head and neck tumours  19. Anti-EGFR monoclonal 
antibodies, including cetuximab (CTX) and NTZ, can 
specifically inhibit EGFR, and enhance radio-sensitivity, 
increasing the effect of synchronous chemoradiotherapy 
in NPC patients 20. A large retrospective cohort study with 
a long follow-up period revealed that CTX/NTZ treatment 
combined with CCRT can significantly prolong the OS of 

Figure 3. Forest plots for multivariate analysis of (A) OS and (B) PFS of 
the 248 patients with LA-NPC. HR, hazard ratio.

A

B
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patients with stage II-IVb NPC compared to CCRT alone 
(3-year OS: 96.6 vs 92.9%, p = 0.015) and DFS (3-year 
DFS: 93.5 vs 89.3%, p = 0.03). However, significant dif-
ferences in acute toxicities, such as skin reaction and mu-
cositis, were observed in patients who received CTX and 
CCRT compared to NTZ and CCRT, or CCRT alone  9. 
NTZ is an improved and humanised anti-EGFR monoclo-
nal antibody with a preferential tumour cell uptake com-
pared to normal tissue. Furthermore, this has significantly 
fewer adverse effects on normal mucosa and skin. In the 
past five years, a number of clinical studies have revealed 
better clinical outcomes and less radiation-related toxic-
ity for CCRT in combination with NTZ in patients with 
LA-NPC 21,22. This is similar to the present study, in which 
patients who received CCRT plus NTZ had a superior OS 
compared to patients who received CCRT alone (3-year 
OS: 97.2 vs 91%), and the difference was statistically sig-
nificant. However, the TNM stage of LA-NPC patients 
remained the same, and for those who received CCRT in 
combination with NTZ clinical outcomes greatly varied. 
This shows that by itself TNM stage is not adequate in 
the application of NTZ, without considering other clinical 
factors. Thus, it is necessary to explore other important 
prognostic indicators in order to identify which stage III-
IV NPC patents can achieve a survival benefit from NTZ. 

The relationship between the image-derived biomarkers in 
18F-FDG PET (SUV

max
, TLG, and MTV) and clinical out-

comes in solid tumours has been extensively studied. Feng 
et al. reported on 50 patients with oesophageal carcinoma 
in which post-neoadjuvant CCRT SUV

max
 ≥  3 was a poor 

prognostic factor for DFS (HR = 3.417, p = 0.011) and OS 
(HR = 3.665, p = 0.013) 23. In another retrospective study, Di 
Stasio et al. reported that SUV

max
 ≥ 10.08, MTV ≥ 27.89, and 

TLG ≥ 134.85 conferred a significantly worse prognosis in 49 
patients with pleomorphic lung carcinoma, and that the meta-
bolic biomarkers mentioned above can be used to predict re-
currence and death 24. Burchardt et al. conducted a multivariate 
Cox regression analysis on 93 patients with locally advanced 
squamous cervical cancer who received radical cisplatin-based 
chemoradiotherapy, and found that SUV

max
 > 12.6 and TLG 

> 245.7 were independent predictors for OS 25. Lin et al. in-
vestigated 108 NPC patients who received chemoradiotherapy, 
and found that pre-treatment SUV > 8.35 can lead to a signifi-
cantly worse 3-year OS compared to a lower SUV 26. The pre-
treatment SUV can be used to independently predict adverse 
3-year DFS and OS, which is similar to a previous study con-
ducted by the same investigators, and the best cut-off value for 
SUV

max
 was 8.2, as derived from the ROC curve. Furthermore, 

NPC patients with SUV
max

 < 8.2 appeared to have a clinical 
benefit (3-year PFS, 91.1 vs 73%, p = 0.027) 26. 

Table IV. Subgroup survival analysis of OS and PFS for LA-NPC stratified (SUVmax ≤ 12.92 and SUVmax > 12.92) in the CCRT group vs CCRT+NTZ group.

SUVmax Treatment N (%) 3-year OS p-value 3-year PFS p value

≤ 12.92 CCRT alone 109 (44%) 94.3% 0.129 80% 0.563

≤ 12.92 CCRT plus NTZ 84 (33.9%) 97.6% 84.1%

> 12.92 CCRT alone 29 (11.7%) 73.2% 0.047 57.1% 0.433

> 12.92 CCRT plus NTZ 26 (10.4%) 96.2% 60%

Figure 4. Survival curves for (A) the 193 LA-NPC patients with SUVmax > 12.92 in the CCRT group vs CCRT+NTZ group, and (B) the 55 LA-NPC patients 
with SUVmax ≤ 12.92 in the CCRT group vs CCRT+NTZ group.
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In addition, other studies have focused on the relationship be-
tween image-derived biomarkers using 18F-FDG PET/CT for 
solid tumours and the response to chemoradiotherapy. Dae et 
al. reported that after neoadjuvant chemoradiotherapy (nCRT), 
the SUV

max
, TLG, and MTV may be used to predict patho-

logical complete response (pCR)  23. Furthermore, that study 
assessed the SUV

max
, TLG, and MTV, before and after nCRT, 

in 137 patients with locally advanced rectal cancer, and it was 
found that the post-SUV

max
, post-TLG, and post-MTV were 

smaller in the pCR group compared to the non-pCR group. 
Multivariate analysis revealed that post-SUV

max
, post-TLG, 

and post-MTV were independent factors for pCR 27. Asif et 
al. reported that the percentage decrease in SUV

max
 after nCRT 

can be used as a predictor for pCR in locally advanced oe-
sophageal squamous cell carcinoma patients who received 
nCRT 28. No study has reported the predictive value(s) when 
using image-derived biomarkers in 18F-FDG PET/CT to as-
sess the response to treatment of NPC patients who received 
NTZ. The SUV

max
 has the advantage of repeatability, objec-

tivity, and steady parameters. Thus, the present study evalu-
ated the predictive value of SUV

max
 in selecting which stage 

III-IVb NPC patients might benefit from the addition of NTZ 
to the treatment protocol. The results revealed that stage III-
IVb NPC patients with SUV

max
 > 12.92 had the worse 3-year 

OS compared to patients with SUV
max

 ≤ 12.92 (87.2 vs 95.7%, 
p =  0.029). The further subgroup analysis revealed that for 
stage III-IVb NPC patients with SUV

max
 > 12.92, the CCRT 

plus NTZ treatment resulted in a higher 3-year OS compared 
to CCRT alone. However, for stage III-IVb NPC patients with 
SUV

max
 ≤ 12.92, there was no significant difference in 3-year 

OS between the two groups. Thus, NTZ treatment benefited 
stage III-IVb patients with SUV

max
 > 12.92. 

To the best of our knowledge, the present study is the first to 
assess the predictive value of SUV

max
 to justify the addition 

of NTZ to CCRT in patients with LA-NPC and identify high-
risk patients who would benefit from NTZ. Furthermore, the 
cost effectiveness of the addition of NTZ in high-risk stage 
III-IVb EGFR-positive NPC patients was demonstrated in 
our study, although the validity of this assertion needs to be 
confirmed with larger cohorts, as our study has some limita-
tions. First, the number of stage III-IVb NPC cases included 
was limited to a single institution, and more data will be re-
quired to verify our results. Second, due to the small number 
of cases included in the study, larger studies are needed to 
provide more definitive evidence. Third, selection bias in-
herent in retrospective studies may have reduced the overall 
validity of our results. The limitations of the present single 
institution study can be resolved through a larger multicentre, 
longitudinal, and randomised controlled design. 

Conclusions
In summary, OS of LA-NPC patients with SUV

max
 >12.92 sig-

nificantly improved, and was cost-effective, when NTZ was 
added to CCRT. However, the addition of NTZ to CCRT was 
not cost-effective in LA-NPC patients with SUV

max
 ≤ 12.92. 

The addition of NTZ therefore seems to confer a clear survival 
benefit in a selected group of patients, and needs to be con-
firmed with larger, multicentre and randomised clinical trials.
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