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Background and purpose: The phase 3 NEOCRTEC5010 trial demonstrated that neoadjuvant chemoradio-
therapy (NCRT) plus surgery for locally advanced esophageal squamous cell carcinoma (ESCC) had signif-
icantly greater efficacy than surgery alone did, but at the same time, the addition of NCRT places an
economic burden on patients. This study assessed the cost-effectiveness of NCRT followed by surgery
based on the NEOCRTEC5010 trial.
Materials and methods: A three-state Markov model (disease-free survival, relapse and death) based on
data from the NEOCRTEC5010 trial was used to estimate the incremental cost-effectiveness ratio
(ICER) of NCRT plus surgery versus surgery alone for ESCC. The model evaluates the outcomes from
the perspective of Chinese society. Costs, quality-adjusted life-years (QALYs), and the ICER in terms of
2019 US$ per QALY gained, were calculated. Model robustness was evaluated with one-way and proba-
bilistic sensitivity analyses.
Results: Compared with surgery alone, NCRT plus surgery increased costs by $14933.57, while gaining
3.08 QALYs, resulting in an ICER of $4848.56 per QALY. The ICER was far below the commonly accepted
willingness-to-pay threshold ($26,157 per QALY). The duration of disease-free survival (DFS) for the
group that received NCRT was the crucial factor in determining the ICER.
Conclusion: Compared with surgery alone, NCRT followed by surgery for locally advanced ESCC can be
cost-effective because of significant clinical benefits.

� 2019 Elsevier B.V. All rights reserved. Radiotherapy and Oncology 141 (2019) 27–32
Esophageal cancer is a highly lethal disease, especially in devel-
oping countries. China has been a high-incidence area of esopha-
geal cancer for many years and accounts for over 50% of the
global morbidity and mortality [1]. The two major histological
types of esophageal cancer are squamous cell carcinoma (ESCC)
and adenocarcinoma, and there is a striking geographical variation
in the incidence of the esophageal cancer subtypes. In China,
approximately 90% of patients with esophageal cancer are diag-
nosed with ESCC [2]. Surgery has been the standard treatment
for patients with esophageal cancer, but the long-term survival
after surgery for esophageal cancer remains poor [3]. Neoadjuvant
strategies have been prompted to improve survival; however, the
results have been inconsistent [4–7]. The latest phase 3 clinical
trial was the NEOCRTEC5010 trial conducted in China, and we per-
formed cost-effectiveness analysis based on it [6].

The NEOCRTEC5010 trial was conducted to compare neoadju-
vant chemoradiotherapy (NCRT) followed by surgery versus sur-
gery alone in patients with potentially resectable thoracic ESCC,
and it demonstrated a significant 33.6-month improvement of
overall survival (OS) in the NCRT group (100.1 vs. 66.5 months;
HR = 0.71; P = 0.025) [6]. The statistically significant improvements
in DFS and OS demonstrated the benefit of NCRT in the treatment
of ESCC. However, preoperative chemoradiotherapy may have a
profound financial consequence due to the costs of treatment.
Despite the proven effectiveness of neoadjuvant chemoradiother-
apy, much concern has been dedicated to the costs associated with
the treatments before surgery. Hence, this study aims to provide an
economic assessment of NCRT based on the phase III trial from the
perspective of Chinese society.
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Table 1
Clinical efficacy and grade 3–4 adverse events.

Variable Base case value

The NCRT group The S group

Clinical efficacy
OS (Months) 100.1 66.5
(95 % CI) 74.6–125.6 39.7–93.3
DFS (Months) 100.1 41.7
(95 % CI) 49.7–150.6 19.0–64.4

Probability of grade 3–4 AEs (%)
Anemia 4.0 /
Leukopenia 48.8 /
Neutropenia 45.7 /
Thrombocytopenia 7.2 /
Anorexia 2.2 /
Vomiting 4.0 /
Radiation esophagitis 2.7 /

NCRT: neoadjuvant chemoradiotherapy; S: surgery; OS: overall survival; DFS: dis-
ease-free survival; AE adverse event.
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Materials and methods

Patients and regimens

We extracted the clinical information from the NEOCRTEC5010
study. This trial recruited patients with histologically confirmed,
potentially curable ESCC clinically staged as T1-4N1M0/T4N0M0
(stage IIB or III). Patients were randomly assigned to treatment
with NCRT followed by surgery (the NCRT group) or surgery alone
(the S group). In the NCRT group, vinorelbine was administered at
25 mg/m2 as an intravenous bolus on days 1 and 8, and intra-
venous cisplatin 75 mg/m2 within 3 h on day 1 or intravenous cis-
platin 25 mg/m2 within 2 h on days 1–4 was administered every
3 weeks for two cycles. A total radiation dose of 40.0 Gy was given
in 20 fractions of 2.0 Gy each, five fractions per week, starting on
the first day of the first chemotherapy cycle. Surgery was per-
formed 4–6 weeks after completion of chemoradiotherapy. Surgery
was performed as soon as possible after random assignment for
patients in the S group.
Markov model

A Markov model was constructed using Treeage software (Tree-
age, Williamstown, MA, USA, 2011) to perform a cost-effectiveness
analysis of NCRT plus surgery versus surgery alone for locally
advanced ESCC. The Markov model of three health states, DFS,
relapse and death, evaluated the outcomes over a 30-year time
horizon (after which >99% of patients have died) using monthly
transitions. DFS defined as the state after resection without either
disease recurrence or death. All simulated patients started in the
DFS health state and were stay in the original health state or move
to the relapse in the next month, according to transition probabil-
ities. The patients who progress to the state of relapse can only stay
in the state of relapse or move to the state of death. The model dia-
gram is shown in Fig. 1. The cycle length was set as one month,
which was short enough to reflect quality of life impact and facil-
itate to calculate parameters. We calculated the ICER of NCRT fol-
lowed by surgery compared with surgery alone, and the results are
described using costs per QALY. The formula used to calculate the
ICER as following: ICER = (Cost[the NCRT group] � Cost[the S group])/
(QALY[the NCRT group] � QALY[the S group]). QALYs was estimated by
weighting the time each patients spend in different Markov state,
using utility values as weights. In the model, costs and benefits
were discounted at 3% annually, and cost effectiveness was calcu-
lated from the perspective of Chinese society.
Survival estimates and utilities

Efficacy and grade 3–4 adverse events (AEs) related to costs
derived from the NEOCRTEC5010 study are shown in Table 1.
The time and survival probabilities was derived by digitizing the
Kaplan–Meier curves of DFS and OS from the NEOCRTEC5010 study
using Web-PlotDigitizer. We use the survival probabilities at inter-
mediate times to improve the curve fits and the method described
by Hoyle and Henley [8]. TheWeibull distribution was used to sim-
ulate the DFS and OS curves. Table 2 presents the input parameters
Fig. 1. Model diagram. Two groups of patients were analysed: those treated with neoadju
simulated three health states: DFS, Relapse and death. DFS: disease-free survival; NCRT
of the Weibull. Fig. 2 shows the survival curve simulation results.
We use formula S(t) = P(T � t) = exp(�ktc) to calculate the survival
probability at time t and formula P(t) = 1 � exp[(k(t � 1)c � ktc] to
calculate the transition probability at a given cycle t. Survival was
adjusted to quality-adjusted life-years (QALYs) using utility values
derived from previously published studies. As a result, the utility
values were 0.80 for the DFS state and 0.41 for the relapse state
[9], as 0 was used for death. In the Markov model,

QALY =
Pcycle number

1

Pstate number
1 UtilityðstateÞ�Probability(state).
Cost estimates

Cost was calculated from the perspective of Chinese society and
thus included the following medical costs: drug acquisition, radio-
therapy, necessary tests, therapy administration, treatment of
major AEs and surgery costs. Each of these costs is based on the
price in West China Hospital. Doses administered were calculated
using the reported median body surface area (1.63 kg/m2) in China
[10]. AEs used to calculate the costs were those rated at a severity
of grade 3 or higher and must have occurred in at least 1% of
patients in the NCRT group from the NEOCRTEC5010 study. More-
over, the patients who received NCRT needed to take off more
work, so time costs (the absenteeism fees) were applied to the time
for chemoradiotherapy, which was $29.99 per day based on the
average salary of China’s urban employees. Current studies showed
that NCRT did not significantly increase the risk of major postoper-
ative complications [6,7,11], so we hypothesized that the cost for
postoperative complications was the same in both groups and that
the cost for postoperative complications was included in surgery
costs. Surgery costs included all hospitalization expenses during
operation. The cost information for each input variable is presented
in Table 3. All costs were adjusted to US dollars, using an exchange
rate of $1 = ¥6.79 (22 Jan 2019). In the Markov model, total

cost =
Pcycle number

1

Pstate number
1 CostðstateÞ�Probability(state)
vant chemoradiotherapy followed by surgery with surgery alone. The Markov model
: neoadjuvant chemoradiotherapy, S: surgery.



Table 2
Key model input parameters.

Parameter

Weibull survival model of DFS of the NCRT group Intercept 4.87895 Lambda 0.013
log(scale) 0.12369 Gamma 0.884

Weibull survival model of DFS of the S group Intercept 4.26726 Lambda 0.033
log(scale) 0.22658 Gamma 0.797

Weibull survival model of OS of the NCRT group Intercept 4.96279 Lambda 0.017
log(scale) 0.20239 Gamma 0.817

Weibull survival model of OS of the S group Intercept 4.36183 Lambda 0.010
log(scale) �0.04428 Gamma 1.045

NCRT: neoadjuvant chemoradiotherapy; S: surgery; DFS: disease-free survival; OS: overall survival.

Fig. 2. (A) Simulate overall survival curve for the NCRT group and the S group. (B) Simulate disease-free survival curve for the NCRT group and the S group. (C) Kaplan–Meier
curve of overall survival from the NEOCRTEC5010 study. (D) Kaplan–Meier curve of disease-free survival from the NEOCRTEC5010 study. NCRT: neoadjuvant
chemoradiotherapy, S: surgery.
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Sensitivity analyses

One-way sensitivity analysis was performed to estimate the
potential influences of different variables by varying them by
±20%. We performed a probabilistic sensitivity analysis to assess
uncertainty around the ICER estimate by conducting a Monte-
Carlo simulation of 10,000 samples at different hypothetical
willingness-to-pay (WTP) thresholds. According to the World
Health Organization guidelines for cost-effective analysis [12,13],
strategies are defined as cost-effective if the ICER is below three
times the gross domestic product (GDP) per capita, which was
$26,157 in China in 2018.
Results

In the NEOCRTEC5010 study, compared with the S group, the
NCRT group achieved a better median OS (100.1 months vs
66.5 months; hazard ratio, 0.71; 95% CI, 0.53–0.96; P = 0.025).
The R0 resection rates in the NCRT and S groups were 98.4% and
91.2%, respectively. The median DFS was 100.1 months (95% CI,
49.7–150.6 months) in the NCRT group, while the S group had a
median DFS of 41.7 months (95% CI, 19.0–64.4 months) (HR,
0.58; 95% CI, 0.43–0.78; P < 0.001). Overall, QALYs in the NCRT
group were higher than those in the S group (9.08 QALYs vs 6.00
QALYs).

By model calculation, the NCRT group provided an additional
3.08 QALYs at an additional cost of $14933.57 (Table 3). In the
base-case analysis, the ICER of the NCRT group compared with
the S group was $4848.56 per QALY, which was much lower than
the commonly accepted threshold for cost-effectiveness ($26,157
per QALY in China).

In one-way sensitivity analysis, the duration of DFS in the NCRT
group was the factor that most altered the cost-effectiveness of the
strategies within the model. When the duration of DFS varied from
80.08 months to 120.12 months, the ICER ranged from $ 3416.42
per QALY to $6990.24 per QALY. In addition, the costs of testing



Table 3
Results of the cost-effectiveness analysis.

Parameters The NCRT group The S group

Costs ($)
DFS state ($) 14925.69 8806.79
cRadiotherapy ($/month) 38.73 0.00
cChemotherapy ($/month) 8.36 0.00
cHospital ($/month) 0.59 0.00
cAbsenteeism ($/month) 8.39 0.00
cAEs ($/month) 3.71 0.00
cSurgery ($/month) 109.30 262.38
cTest ($/month) 169.80 180.91
Relapse state ($/month) 0.00 0.00
Total Cost ($) 33334.51 18400.94
Incremental costs ($) 14933.57 /

Effectiveness (QALYs)
DFS state (QALYs) 6.59 4.25
Relapse state (QALYs) 2.49 1.75
Total effectiveness (QALYs) 9.08 6.00
Incremental effectiveness (QALYs) 3.08 /
ICERs compared with PC alone ($/QALY) 4848.56

NCRT: neoadjuvant chemoradiotherapy; S: surgery; DFS: disease-free survival; AE:
adverse event; QALY: quality-adjusted life years; ICER incremental cost-effective-
ness ratio.
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for both group, the duration of DFS in the S group, the cost of sur-
gery, radiotherapy for the NCRT group and the utility of DFS and
relapse had impacts on ICER. Other parameters, such as absen-
teeism fee, the costs of chemotherapy, AEs and hospitalization
for the NCRT group, the cost of surgery for the S group, had a minor
impact on the robustness of the cost-effectiveness analysis. Chang-
ing individual parameters did not change the results (Fig. 3). Prob-
abilistic sensitivity analysis showed that surgery alone had no
possibility of being a cost-effective treatment unless the threshold
of cost-effectiveness analysis sharply decreased to $5000 per QALY
(Fig. 4). At present, it seems that there is no possibility for China’s
GDP to fall to this level.
Discussion

In the process of economic evaluation, we set WTP thresholds at
three times GDP per capita according to WHO, but different orga-
Fig. 3. Tornado diagram of one-way sensitivity analysis. This summarizes the
results of one-way sensitivity analysis, listing influential parameters in descending
order in which they affect the ICER over the variation of each parameter value. DFS:
disease-free survival; AE adverse event; NCRT: neoadjuvant chemoradiotherapy, S:
surgery, ICER: incremental cost-effectiveness ratio.
nizations have different cost-effectiveness threshold value. For
example, the National Institute for Health and Clinical Excellence
(NICE) use a threshold range of £20,000–£30,000 per QALY gained
[14], meanwhile others may use implicit values in their decision
making [15]. But the present analysis shows even if the WTP
thresholds is set at GDP per capita ($8,719 per QALY), the ICER is
still far below WTP.

In the sensitivity analysis, the duration of DFS in the NCRT
group had the highest impact on the ICER. However, the median
OS or DFS reported in the NEOCRTEC5010 trial were significantly
longer than those reported in previous studies [16–18]. A possible
explanation is that the sample size of patients with ESCC in the
previous study was relatively small. China has a high prevalence
of ESCC, which is different from that in Western countries. The
NEOCRTEC5010 study enrolled patients with squamous cell carci-
noma and was conducted in China. The NEOCRTEC5010 study is
the latest completed randomized trial that compared NCRT plus
surgery with surgery alone. In choosing a phase III trial to perform
a cost-effectiveness analysis, the NEOCRTEC5010 study was the
best choice. We searched PubMed and found that pharmacoeco-
nomic studies on esophageal cancer were limited, and many of
them focused on screening or surgical techniques [19–22]. Further-
more, most studies were conducted in patients with Barrett’s
esophagus [23–25]. There were only two economic analyses of
neoadjuvant chemoradiotherapy in esophageal cancer [26,27].
The latest study [26] was a population-based matched case-
control study conducted in Taiwan, and their outcome variables
were extracted from the database. Their study included 150 locally
advanced ESCC patients and showed that neoadjuvant concurrent
chemoradiotherapy was probably more cost-effective than was
esophagectomy, at a $50,000–150,000 per QALY WTP threshold.
The major limitation is that the duration of interest (three years)
might be too short to adequately assess the cost-effectiveness of
NCRT compared with esophagectomy. Other research was con-
ducted in 1997 [27], when neoadjuvant chemoradiotherapy was
not a standard treatment for patients with potentially curable
ESCC. They found that despite the high cost of neoadjuvant
chemoradiotherapy therapy, neoadjuvant multimodal therapy
was a cost-effective alternative when the acceptable cost-
effectiveness ratio was set at approximately $50,000 per life year
gained. However, this cost-effectiveness analysis was based on a
small-size controlled trial involving only 113 patients with esopha-
geal adenocarcinoma. Their study population had a different com-
position than the general population based on the major
pathological types of esophageal cancer in China. Although both
studies revealed that neoadjuvant therapy would be cost-
effective, their WTP threshold was higher because the GDPs of Tai-
wan and Italy are higher than that of mainland China. The WTP
threshold remains controversial in China, and patients with eso-
phageal cancer may be able to afford a relatively lower cost per
QALY in China because the incidence rates for esophageal cancer
in rural areas were approximately three times those in urban areas
[1]. Therefore, we still need long-term, large sample studies to
evaluate the cost-effectiveness of neoadjuvant chemoradiotherapy
therapy. The NEOCRTEC5010 study that our cost-effectiveness
analysis was based on is a long-term, multicenter, randomized trial
that enrolled 451 patients with ESCC. Thus, our research was able
to overcome the major drawbacks of the above two studies.

Our study inevitably had some limitations of data availability
and assumptions because our analysis model primarily relied on
the data from a phase III trial rather than real-world experience.
First, the incidence of postoperative complications after
esophagectomy was similar between the two groups, with the
exception of arrhythmia. In addition, detailed data on the clinical
and economic burden of complications of esophageal resection
remain limited. Given the impact of cardiac complications on our



Fig. 4. Cost-effectiveness acceptability curves. Cost-effectiveness acceptability curves show the probability of each treatment strategy being cost-effective at different WTP
thresholds. NCRT: neoadjuvant chemoradiotherapy, S: surgery.
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economic model, we conducted sensitivity analyses using the addi-
tional costs of cardiac complications derived from a previously
published study [28]. The ICER remained far lower than the WTP
threshold of $5580.63 per QALY. Second, our analysis did not take
into account costs for subsequent anticancer therapy after disease
progression because no information was available in the NEOCR-
TEC5010 study. According to the NCCN guidelines, when the dis-
ease relapsed after surgery, the patients who were treated with
surgery alone could receive chemoradiotherapy, and the patients
who received neoadjuvant chemoradiotherapy may accept pallia-
tive management. If the S group received chemoradiotherapy, the
cost for relapse in the S group might be higher than that in the
NCRT group. In other words, calculating the cost for subsequent
anticancer therapy after relapse would not alter our conclusion.
Furthermore, the cost for postoperative chemoradiotherapy was
uncertain and difficult to estimate. For the reasons given above,
we did not calculate the cost for the relapse state. Third, because
no data on the quality of life were available from the NEOCR-
TEC5010 study, the utilities for the state of DFS and relapse were
referenced from previously published research. In addition, the
utilities for DFS had a higher impact on the model outcomes, but
even if the utility for DFS varied from 0.41 to 1, the ICER ranged
from $7742.68 per QALY to $ 4101.89 per QALY, which was still
far below the WTP. Fourth, because the DFS was calculated only
for the patients who received R0 resection, the OS was calculated
for all patients who were enrolled and randomly assigned. How-
ever, the rates of R0 resection were high in both groups (98.4%,
91.2%), especially for the NCRT group (98.4%). According to one-
way sensitivity analysis, when the duration of DFS varied by
±20%, the ICER remained far below the WTP. Developing countries
such as China have a higher incidence of esophageal cancer, and
the economics of treatments require more concern. The NEOCR-
TEC5010 regimen can provide significantly greater efficacy, a toler-
able safety profile and acceptable cost-effectiveness. There are
three alternative chemotherapy regimens based on clinical
research, including the Dutch CROSS trial [18] using carboplatin
plus paclitaxel, CALGB 9781 [17] using cisplatin plus fluorouracil
(FU) and NEOCRTEC5010 [6] using cisplatin plus vinorelbine. Pre-
operative chemoradiotherapy was recommended, which is the
optimal regimen as a neoadjuvant approach for ESCC, but has not
been definitively established. Therefore, further studies are
required.
Conclusions

In conclusion, our results showed that NCRT followed by sur-
gery was very cost-effective compared with surgery alone. Based
on the existing research results, we suggest neoadjuvant chemora-
diotherapy with surgery rather than resection alone for patients
with ESCC. Although ICERs are influenced by many factors, sensi-
tivity analysis was performed to reduce uncertainty. The present
results is potentially useful to healthcare systems making deci-
sions, However, real-world studies are needed to verify the effi-
cacy, safety and economics of these regimens for neoadjuvant
therapy of ESCC.
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