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Objective: The EXTREME clinical trial revealed that cetuximab plus chemotherapy 
improved the overall survival time of patients with recurrent or metastatic head and neck 
squamous cell carcinoma (R/M HNSCC) versus chemotherapy alone. The current study 
examined the cost-effectiveness of cetuximab plus chemotherapy compared with chemother-
apy alone in HNSCC patients from the perspective of China.
Materials and Methods: A partitioned survival model was implemented for R/M HNSCC 
patients. Survival information was derived from the CHANGE-2 trial. The model was 
designed as a ten-year time horizon, a 3-week cycle, and a 3% discount rate for costs and 
utilities. An incremental cost-effectiveness ratio (ICER) value is less than $30,201/quality- 
adjusted life-year (QALY) was considered cost-effective in China. We analyzed the uncer-
tainty by performing one-way and probabilistic sensitivity analyses.
Results: In the base-case analysis, we found that the ICER of cetuximab plus chemotherapy 
compared with chemotherapy alone is $172,702/QALY. The results of one-way sensitivity 
analysis and probabilistic analysis showed that the fluctuations of each variable in its ranges 
do not cause ICERs to reach acceptable thresholds.
Conclusion: The current observations suggested that treatment with cetuximab plus che-
motherapy is not a cost-effective strategy for R/M HNSCC patients in China at a $30,201 
willingness to pay threshold.
Keywords: recurrent or metastatic head and neck squamous cell carcinoma, HNSCC, 
cetuximab, CHANGE-2, cost-effectiveness

Introduction
Worldwide, over 830,000 individuals are diagnosed with head and neck cancer, 
which caused annually about 430,000 deaths. Although head and neck cancer could 
derived from different cell progenitors and anatomic sites, over 90% were head and 
neck squamous cell carcinoma (HNSCC).1 In the event of advanced HNSCC, 
multidisciplinary interventions are taken, such as surgical, radiotherapy and che-
motherapy. Hoverer, the prognosis is still poor despite the improvement of these 
treatment interventions.2

Cetuximab is an IgG1 monoclonal antibody that specifically targets the epidermal 
growth factor receptor (EGFR). Cetuximab blockade of the EGFR results in inhibition 
of tumor growth, invasion and metastasis, DNA damage repair and angiogenesis.3,4 
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The EXTREME trial showed that adding the cetuximab to 
cisplatin/carboplatin and 5-FU (5-fluorouracil) dramatically 
improved overall survival (OS: 10.1 vs 7.4 months)5 for 
European patients with recurrent or metastatic HNSCC (R/ 
M HNSCC) compared with chemotherapy. On account of 
ethnic factors that may affect the response or tolerability of 
therapy, the CHANGE-2 trial (NCT02383966) evaluated the 
efficacy and safety of EXTREME regimen in Chinese 
patients with R/M HNSCC. The results also undoubtedly 
demonstrated that cetuximab plus chemotherapy prolonged 
the progression-free survival time (PFS: 5.5 vs 4.2 months) 
and overall survival (OS: 10.2 vs 8.9 months) compared 
with chemotherapy.6 At present, clinical practice guidelines, 
including the Guideline of the Chinese Society of Clinical 
Oncology (CSCO) and National Comprehensive Cancer 
Network (NCCN), recommend the EXTREME regimen 
(cetuximab + cisplatin/carboplatin + 5-FU followed by 
cetuximab maintenance until progressive disease) as 
a standard-of-care first-line therapy for patients with R/M 
HNSCC.7 However, due to the relatively high price of 
cetuximab, its wide prescription was limited. The economic 
evidence would be helpful for decision-makers when the 
health-care system covers cetuximab. The purpose of this 
study is to analyze the cost-effectiveness of adding the 
cetuximab to chemotherapy for patients with R/M HNSCC 
from the perspective of the Chinese health sector.

Materials and Methods
Patients Population
The target population of this study was comparable with 
CHANGE-2 trial, who had been confirmed histologically 
and/or cytologically R/M HNSCC. The baseline character-
istics of CHANGE-2 trial were displayed in Table S1.

Therapeutic Regimen
Two treatment strategies were assigned: (1) chemotherapy 
alone, which was composed of cisplatin (75mg/m2 on day 1) 
plus 5-FU (750mg/m2 on days 1–5) and maintenance ther-
apy up to 6 cycles; (2) cetuximab (400mg/m2 for the initial 
dose, then weekly doses of 250mg/m2) plus chemotherapy. 
When the disease progressed, it is assumed that the initial 
treatment effect was poor, and both of the two groups would 
end the current treatment and receive subsequent treatment. 
Subsequent treatment regimens were adjusted based on the 
recommended treatment, which was composed of metho-
trexate (40mg/m2 on days 1, 8, 15), docetaxel (35mg/m2 

on days 1, 8, 15) or paclitaxel (80mg/m2 on days 1, 8, 15).

Model Structure
We used a partitioned survival model that programmed in 
R (version 3.6.0, http://www.r-project.org) to simulate sur-
vival states of R/M HNSCC patients over time and evaluate 
the cost-effectiveness of treatment with cetuximab plus che-
motherapy in comparison with chemotherapy alone based on 
CHANGE-2 trial. Figure 1 shows the diagram of the model. 
The structure of the model included 3 mutually exclusive 
health stages, which is respectively progression-free (PF) 
stage, progressive disease (PD) stage and death. The time 
within each stage above was derived from PFS and OS data 
that were observed in CHANGE-2 trial.6,8,9 The likelihoods 
of distributions of PF state, PD state and death state were 
varied because of different PFS and OS probabilities in two 
competing strategies. A three-week cycle was used in order 
to keep with a treatment interval of CHANGE-2. The time 
horizon of the model was ten years to ensure that the 
survivors are less than 1%. Each health state was assigned 
a specific cost and health utility value, which were used to 

Figure 1 The diagram of two therapeutic regimens and three health states transitions in the partitioned survival model. 
Abbreviations: R/M HNSCC, recurrent or metastatic head and neck squamous cell carcinoma; 5-FU, 5-fluorouracil.
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project the cumulative cost, quality-adjusted life-year 
(QALY) by running the model. A 3% annual discount rate 
was applied for costs and utilities. Average cost- 
effectiveness ratios (CER) and incremental cost- 
effectiveness ratios (ICER) were measured. The CER 
could indicate that gaining a QALY requires cost, and 
ICER could show that additional cost of cetuximab plus 
chemotherapy regimen per additional QALY compared 
with chemotherapy alone. If the ICER value was within 
the willingness-to-pay (WTP) threshold, the treatment strat-
egy was deemed as “cost-effective”. The WTP threshold 
was suggested to use three times of the Chinese per capita 
gross domestic product (GDP) ($30,201) in 2019.10,11

Clinical Data
The observational time of CHANGE-2 clinical trial was 40 
months for OS and 28months for PFS. In order to obtain the 
results over a ten-year time horizon, we need to extrapolate 
the survival probability beyond the follow-up time. We 
digitized the OS and PFS Kaplan–Meier curves for cetux-
imab plus chemotherapy and chemotherapy alone regimen 

by using the R package “digitize” (version 0.0.4; https:// 
github.com/tpoisot/digitize/). Then, using the method pro-
posed by Guyot to generate pseudo individual patient data 
(IPD, based on time-to-event data),12 which were fitted by 
following parametric model: Weibull, exponential, log- 
logistic, log-normal and Gompertz parametric distributions. 
Based on the Akaike information criterion (AIC) value, the 
final parametric model that we used was log-logistic distri-
bution, whose parameters are presented in Table 1. The 
validation by comparing the observational and predicted 
curves is shown in Figure 2.

Costs and Utility Estimates
The current analysis was conducted from the perspective 
of the Chinese health sector. The included costs were 
direct medical costs, such as medications, administration, 
follow-up, management of adverse events and palliative 
care. All costs were presented in 2019 US dollars ($). 
Medication costs of each treatment regimen were deter-
mined by dosages and unit price, where the body surface 
area (BSA) determined the dosages. For Chinese patients, 

Table 1 Input Parameters of the Model

Regimen Distribution Shape Scale AIC Reference

Cetuximab+chemotherapy PFS Log-logistic 2.591 7.240 699.7 [8,9]
OS Log-logistic 2.248 1.942 1028.2 [8,9]

Chemotherapy alone PFS Log-logistic 2.275 5.212 306.2 [8,9]
OS Log-logistic 1.91 11.67 465.4 [8,9]

Cost parameters Distribution Values Source

Cetuximab (per 0.1g) Gamma 183.9 [14]

Cisplatin (per 10mg) Gamma 1.3 [14]

5-fluorouracil (per 0.25g) Gamma 7.8 [14]
Methotrexate (per 50mg) Gamma 13.9 [14]

Docetaxel (per 20mg) Gamma 63.9 [14]

Paclitaxel (per 30mg) Gamma 15.6 [14]
Administration Gamma 51.1 [15]

Maintenance care Gamma 1156.8 [16]

Neutropenia Gamma 518.6 [18]
Anemia Gamma 597.5 [18]

Leukopenia Gamma 505.5 [17]

Neutrophil count decreased Gamma 103.3 [17]

Health utility

Progression free state Beta 0.862 [19]
Progressive disease Beta 0.284 [19]

Death Beta 0

Notes: All costs reported for years prior to 2019 are updated to December 2019 US dollars (USD) using the Medical Care component of the US Consumer Price Index 
(CPI); All costs sourced from China in this study were converted into US dollars ($1 = RMB 7.042 on December 2019). 
Abbreviations: AIC, Akaike information criterion; RMB, Chinese currency.
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the mean BSA was estimated to be 1.81m2.13 The prices of 
cetuximab, cisplatin, 5-FU and other chemotherapy drugs 
were collected from the local charge database.14 Other cost 
data were collected from published literature.15–18

The CHANGE-2 trial published treatment-related 
adverse events (AEs) incidences that occurred in the dif-
ferent treatment groups. AEs (grade 3 to 5) had obvious 
distinctions in incidence between two regimens of 
CHANGE-2. The costs related to AEs (grades 3 to 5) 
should be included in the cost-effectiveness model. The 
incidence of grade 3 to 5 AEs, including neutropenia, 
anemia, leukopenia, neutrophil count decreased and hypo-
natremia, should be considered in cost-effectiveness ana-
lysis. So, the cost of the AEs would be determined and 
calculated. The values of the incidence of the main grade 3 
to 5 AEs for the different regimens are displayed in 
Table S2.

In this cost-effectiveness model, we use QALY to 
measure the main health outcome. To calculate the 
QALYs, we need to assign a utility value for each health 
stage. The utility estimates for the “progression-free” and 
“progressive disease” were 0.862 and 0.284, 
respectively.19 All costs and utilities value are shown in 
Table 1.

Analysis
To identify the variables that have considerable impacts on the 
model outcomes, we performed one-way sensitivity analyses 
by using the upper and lower limits of model inputs. 
Additionally, we conduct a probabilistic sensitivity analysis 
(PSA) through 1000 iterations to check whether the cetuximab 
plus chemotherapy regimen would be cost-effective under the 
willingness to pay threshold. The utilities were assumed to be 
sampled from Beta distribution, and costs were sampled from 

A

B

Figure 2 Diagram of projected PFS and OS fit curves in different regimens. The solid red lines represent the modeled survival curves of cetuximab plus chemotherapy 
regimen, the solid green lines represent the modeled survival curves of the chemotherapy regimen and the black lines are the actual survival curves. (A) Actual and modeled 
PFS curve; (B) Actual and modeled OS curve. Each cycle of the x-axis is 3 weeks. 
Abbreviations: PFS, progression-free survival; OS, overall survival.
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a gamma distribution. The standard deviation of cost and 
utility that have not been confirmed in the literature is set to 
20% of the expected value.20 The PSA results are presented as 
a cost-effectiveness acceptability curve.

Result
Base-Case Analysis
The results showed that life-year (LY), QALY and cost 
were 1.021, 0.531 and $3349 in the chemotherapy alone. 
The LY, QALY and cost in cetuximab plus chemotherapy 
were 1.265, 0.669 and $27,182. Compared with che-
motherapy alone, the cetuximab plus chemotherapy strat-
egy increased the overall cost by $23,833 with the 
augments of 0.244 LYs and 0.138 QALYs. The average 
cost-effectiveness ratios of chemotherapy alone were 
$3280/LY and $6307/QALY, and cetuximab plus che-
motherapy regimen was $21,488/LY and $40,631/QALY. 
The ICER of cetuximab plus chemotherapy compared with 
chemotherapy alone is $97,676/LY and $172,702/QALY. 
The ICER was well beyond the threshold ($30,201). The 
base-case analysis results are displayed in Table 2.

One-Way Sensitivity Analysis
The one-way sensitivity analysis showed that the BSA, utility 
of progression-free and cost of cetuximab were sensitive 
variables ranked top three. Other variables had a medium 
and a paucity of impacts, such as the variables associated 
with adverse events. The results of the deterministic sensi-
tivity analysis were summarized in the tornado diagrams 
(Figure 3). The one-way sensitivity analysis showed the 
results were robust because the adjustments of all variables 
could not push the ICERs to be lower than the threshold.

Probabilistic Sensitivity Analysis
Based on the probabilistic sensitivity analysis, the cost- 
effectiveness acceptable curve (Figure 4) showed the 
likelihood of the chemotherapy alone regimen being 
cost-effective was more than 99% at a WTP threshold 
of $30,201/QALY, and the likelihood of the cetuximab 
plus chemotherapy regimen was less than 1%.

Discussion
The analysis showed that cetuximab plus chemotherapy for 
R/M HNSCC is not a cost-effective option than chemother-
apy alone because its ICER exceeded the willingness to pay 
threshold in China’s context ($30,201). Although cetuximab 
plus chemotherapy treatment strategy has been recom-
mended as the first-line standard treatment for R/M 
HNSCC, this regimen is not yet approved by the National 
Medical Products Administration of China. World Health 
Organization (WHO) has suggested that the most cost- 
effective treatment strategy should be taken into account in 
the context with limited medical resources.11 According to 
the above information, cetuximab plus chemotherapy strat-
egy should not be covered by the Chinese health-care system 
at the current price of cetuximab. We also conducted one- 
way and probabilistic sensitivity analyses, whose results 
further also supported the above findings. Our findings 
were coherent with the report, which was published by 
Hannouf MB and colleagues.21 From the Canadian perspec-
tive, they found that the ICER of cetuximab plus chemother-
apy versus chemotherapy alone is $386,000/QALY, which 
was far higher than Canada’s threshold.

Our one-way and probabilistic indicated that BSA is 
a considerable model input because cetuximab and che-
motherapy regimens are administered according to BSA. 
The costs of the two schemes are mainly composed of 
unit prices and dosages. In this way, more significant 
differences in ICER would appear among those obese 
patients because they need a higher dosage of cetuximab 
due to the greater BSA level. An alternative payment 
program, such as the payment per patient, could 
improve the economic outcomes in these obese patients. 
In the report of Hannouf MB and colleagues, the cost 
related to cetuximab is too expensive to cover. Our 
analysis also suggested that the cost of cetuximab has 
a substantial impact on the outcome. However, the ICER 
value was still higher than the threshold of $30,201/ 
QALY even when the price of cetuximab reduced by 
50%, which indicated that the price of cetuximab should 
reduce more than 50% for meeting the Chinese 

Table 2 Results of the Base-Case Analysis

Regimen LYs QALYs Cost, 
USD

CER (USD/ 
LY)

CER (USD/ 
QALY)

ICER (USD/ 
LY)

ICER (USD/ 
QALY)

Chemotherapy alone 1.021 0.531 3349 3280 6307
Cetuximab+chemotherapy 1.265 0.669 27,182 21,488 40,631 97,676 172,702

Abbreviations: ICER, incremental cost-effectiveness ratio; CER, average cost-effectiveness ratio; QALY, quality-adjusted life-year; LY, life-year; USD, United States dollar.
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threshold because Chinese health sectors face the rigor-
ous health resource-limited setting as the biggest mid-
dle-income country.

The study reported by Hannouf MB and colleagues 
used the clinical data from EXTREME trial that enrolled 
the Western population. To compare the results by using 

Figure 4 Cost-effectiveness acceptable curve. The y-axis indicates the probability that a strategy is cost-effective across the willingness to pay per QALY gained (x-axis). 
Abbreviation: QALY, quality-adjusted life-year.

Figure 3 Tornado diagram. The results of one-way sensitivity analysis in the US in the form of a tornado diagram. 
Abbreviations: BSA, body surface area; ICER, incremental cost-effectiveness ratio; WTP, willingness to pay; 5-FU, 5-fluorouracil.
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the CHANGE-2 and EXTREME trials, we also conduct 
a base-case analysis by using the survival data from 
EXTREME trial.5 In this additional analysis, costs and 
utility estimates were kept unchangeable. The PFS and 
OS curves of EXTREME trial were re-modeled by using 
the described techniques in the section of the method. The 
final selected parametric model and analytical results are 
presented in Table S3. This additional analysis showed 
that chemotherapy alone strategy gained 0.494 QALYs 
with the cost of $3217, and cetuximab plus chemotherapy 
strategy gained 0.586 QALYs with a cost of $25,673. The 
ICER value is $244,087/QALY, which was poorer than the 
results based on the CHANGE-2 trial. The better survival 
outcome could explain the different results in the 
CHANGE-2 trial than the EXTREME trial. Because the 
patients in the EXTREME trial were Western population 
and the CHANGE-2 trial were Chinese patients, we 
believe this economic outcome based on the CHANGE-2 
trials is more meaningful than the EXTREME trial in the 
Chinese context.

This study also has the following limitations: First, we 
cannot obtain the exact withdrawal time of the patients 
who interrupted the initial treatment, which may overesti-
mate the total cost. Second, the quality of life data of 
HNSCC patients was not derived from the CHANGE-2 
trial because the most reliable and accurate quality of life 
information is unavailable in the CHANGE-2 trial. Our 
study used the utility data reported by van der Linden,19 

which would lead to deviations in the cumulative 
QALYs.19 Our one-way sensitivity analysis checked this 
shortcoming and found that utility value fluctuations do 
not cause ICERs to reach the acceptable threshold. Third, 
our study only included the costs related to managing 
grade 3 to 5 AEs whose incidence was >5% and ignored 
the disutilities of AEs. Fortunately, one-way sensitivity 
analysis indicated that the outcomes are not sensitive to 
the variables related to AEs. In addition to limitations, in 
order to make our study more scientific, we selected 
a partitioned survival model from the Markov model and 
partitioned model. The survival data were obtained from 
only PFS and OS Kaplan curves. If we selected the tradi-
tional Markov model, we could need to make some 
assumptions about the transition probabilities that from 
PF state to death and PD state to death.22

In summary, adding cetuximab to chemotherapy is not 
a cost-effective strategy compared with chemotherapy 
alone for Chinese patients with R/M HNSCC, although it 
provided considerable survival benefits. Reducing the cost 

of cetuximab could improve the economic outcome of this 
new regimen.
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