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Background: Studies using data from randomized controlled trials (RCTs) and real-world
data (RWD) have suggested that adjuvant cytokine-induced killer (CIK) cell
immunotherapy after curative treatment for hepatocellular carcinoma (HCC) prolongs
recurrence-free survival (RFS) and overall survival (OS). However, the cost-effectiveness of
CIK cell immunotherapy as an adjuvant therapy for HCC compared to no adjuvant therapy
is uncertain.

Methods:We constructed a partitioned survival model to compare the expected costs,
life-year (LY), and quality-adjusted life-year (QALY) of a hypothetical population of
10,000 patients between CIK cell immunotherapy and no adjuvant therapy groups.
Patients with HCC aged 55 years who underwent a potentially curative treatment were
simulated with the model over a 20-year time horizon, from a healthcare system
perspective. To model the effectiveness, we used OS and RFS data from RCTs and
RWD. We estimated the incremental cost-effectiveness ratios (ICERs) and performed
extensive sensitivity analyses.

Results: Based on the RCT data, the CIK cell immunotherapy incrementally incurred a
cost of $61,813, 2.07 LYs, and 1.87 QALYs per patient compared to no adjuvant
therapy, and the estimated ICER was $33,077/QALY. Being less than the willingness-
to-pay threshold of $50,000/QALY, CIK cell immunotherapy was cost-effective. Using
the RWD, the ICER was estimated as $25,107/QALY, which is lower than that obtained
using RCT. The time horizon and cost of productivity loss were the most influential
factors on the ICER.
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Conclusion:We showed that receiving adjuvant CIK cell immunotherapy was more cost-
effective than no adjuvant therapy in patients with HCC who underwent a potentially
curative treatment, attributed to prolonged survival, reduced recurrence of HCC, and
better prognosis of recurrence. Receiving CIK cell immunotherapy may be more cost-
effective in real-world clinical practice.
Keywords: cost-effectiveness, immunotherapy, adjuvant therapy, cytokine-induced killer cell, economic evaluation,
hepatocellular carcinoma
INTRODUCTION

Hepatocellular carcinoma (HCC) is an aggressive and frequently
occurring cancer, with approximately 670,000 new cases and
625,000 deaths worldwide in 2018 (1). Interestingly, most HCC
cases occur in individuals with well-known risk factors, such as
chronic hepatitis B virus (HBV) or hepatitis C virus (HCV)
infection, nonalcoholic steatohepatitis, chronic alcoholism, and
liver cirrhosis. Thus, a regular surveillance program for
populations with such risk factors is recommended to detect
HCC at an early stage, and more than half of new HCC cases are
now diagnosed at very early or early stages in Japan and Taiwan
owing to the implementation of nationwide surveillance
programs (2).

Generally, in the very early or early stages of HCC, potentially
curative treatments, such as surgical resection or radiofrequency
ablation (RFA), can be applied; however, even after successful
resection, 50–70% of patients experience recurrence within 5
years (3, 4). The long-term prognosis of patients with recurrent
HCC remains poor because of deterioration of liver function with
repeated recurrences even after curative treatment following early
detection of HCC and during a successful regular surveillance
program (5). Therefore, in the treatment of HCC, recurrence after
curative treatment is an important indicator that is negatively
related to long-term survival (6). To improve recurrence-free
survival (RFS) in patients with HCC, several studies on adjuvant
therapy have been conducted; however, none of these studies
provide sufficient evidence of improvement except for antiviral
treatment for HBV- or HCV-related HCC (3).

Since the first report on the antitumor activity of cytokine-
induced killer (CIK) cells, 106 clinical trials for various types of
cancers have been registered in the international registry of CIK
cells in the past decade (7, 8). Fortunately, recent phase III trials
and real-world data (RWD) have shown that adjuvant CIK cell
immunotherapy administered after curative treatment for HCC
prolongs RFS, cancer-specific survival, and overall survival (OS)
with minimum adverse effects. According to previous studies,
patients who underwent repeated transfer of individualized
autologous CIK cell agents had significantly longer RFS than
the control group with a hazard ratio of 0.42 (95% confidence
interval [CI], 0.22–0.80) to 0.63 (95% CI, 0.43–0.94) (9–11).
These results have generated interest in the economic assessment
of the benefits obtained and the input cost for adjuvant CIK
immunotherapy. Nevertheless, there is limited data on the cost-
effectiveness of immunotherapy in patients with HCC who have
undergone potentially curative treatment.
2

Therefore, it is important for healthcare policymakers,
providers, and patients to determine whether adjuvant CIK
immunotherapy reflects an appreciable value in the current
healthcare environment. We investigated the cost-effectiveness
of CIK cell immunotherapy as an adjuvant therapy for patients
with HCC using data from a recently reported phase III trial
and RWD.
MATERIALS AND METHODS

Overview of Partitioned Survival Model
A cost-utility analysis was performed to evaluate the cost-
effectiveness of receiving CIK cell immunotherapy compared
with not receiving any adjuvant treatment (no adjuvant therapy)
in patients with HCC who underwent a potentially curative
treatment (surgical resection, RFA, or percutaneous ethanol
injection [PEI]). Aligning with the phase III clinical study (the
randomized controlled trial, hereafter referred to as RCT), its
extended follow-up study (9, 10), and the phase IV clinical study
(hereafter referred to as RWD) of CIK cell immunotherapy (11),
we constructed a partitioned survival model, which has been
widely used for the economic evaluation of oncology drugs, using
Microsoft Excel (Microsoft, Redmond, Washington, USA) (12).
The time horizon of the model was twenty years, and the cycle
length was three months.

Our model included four conceptual health states:
recurrence-free, curable recurrence, incurable recurrence, and
death (Figure 1A). Because our population included patients
with HCC who underwent a potentially curative treatment, all
patients started from the recurrence-free state. RFS was defined
as the time from randomization in RCT (in RWD, from curative
treatment) to the first recurrence or death. Patients without
recurrence remained in the recurrence-free state as the cycle
went on. Otherwise, the patient experienced recurrence or death.
Unlike a typical partitioned survival model, we divided the
recurrence condition into two states according to the curability
of treatment to consider the different treatments patients
undergo. We assumed that patients received either curative or
noncurative treatments once they demonstrated a recurrence. If
patients remained in the curable recurrence state, they were
treated with curative treatments, such as surgical resection, liver
transplantation, RFA, or PEI. By contrast, patients staying in an
incurable recurrence state would receive noncurative treatments
including transarterial chemoembolization (TACE), external-
December 2021 | Volume 11 | Article 728740
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beam radiation therapy, and systemic therapies including
cytotoxic chemotherapy. We performed a post-hoc analysis of
the records of individual patients on subsequent treatment and
follow-up time after recurrences observed in phase III clinical
trials to calculate the proportion of patients with curable
recurrence and the incidence rates of each curative treatment
applied in the curable recurrence state. For the treatment of
HCC, liver transplantation, surgical resection, or RFA is
considered as potentially curative treatment. In the base-case
analysis, according to the international guideline, we assumed
that once the patient received other non-curative therapy, such
as TACE or systemic therapies including cytotoxic
chemotherapy, the recurrence was classified as incurable (13).
However, some of these patients might have received TACE for
curative intent as curative treatment was not technically feasible;
therefore, we adjusted the proportion of curative TACE to the
calculation of curable recurrence in the sensitivity analysis. Our
model simulated a cohort of 55-year-old patients, considering
Frontiers in Oncology | www.frontiersin.org 3
the mean age of patients in the RCT (9). To validate our model,
clinical experts verified the key model assumptions.

The model estimated the costs, gained life-years (LYs), and
quality-adjusted life-years (QALYs) for a 20-year time horizon.
An annual discount rate of 5% was applied to the outcomes and
costs, according to the pharmacoeconomic evaluation guideline
from the Health Insurance Review & Assessment Service (HIRA)
of the South Korean government (14). This economic evaluation
was conducted and reported based on the Consolidated Health
Economic Evaluation Reporting Standards (CHEERS)
guidelines (15).

RFS and OS
Two survival curves of RFS and OS derived from the RCTs and
RWD were applied in the model to estimate the distribution of
patients in modeled health states following CIK cell
immunotherapy or no adjuvant therapy (9–11). Using the
effectiveness data from the RWD, we tried to reflect current
A

B

FIGURE 1 | Cost-effectiveness model. (A) Conceptual model and (B) partitioned survival model. OS, overall survival; RFS, recurrence-free survival.
December 2021 | Volume 11 | Article 728740
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clinical practice for the early stage of HCC and to reduce the gap
between the RCTs and the real-world setting Both RCT and
RWD routine surveillance with CIK cell immunotherapy in an
adjuvant setting for HCC were compared. At the median follow-
up of 68.5 months for RCT and 28.0 months for RWD,
investigators found statistically and clinically significant
improvements in RFS (9–11). The patient characteristics and
main results of both RCT and RWD were summarized in
Supplementary Table 1.

RFS at a specific time was defined as the proportion of
patients staying in the recurrence-free state (Figure 1B). The
fraction of patients with recurrence was the difference between
the OS and RFS (OS-RFS). The proportions of curable and
incurable recurrence states were obtained from the RCTs to
differentiate between patients receiving curative and noncurative
treatment (Table 1). The incidence of curative treatment was
estimated from the individual patient data reported in the RCTs.
With regard to the distribution of patients who died, [1-OS] was
adapted, as shown in Figure 1B.

To extrapolate patient survival beyond the duration of the
clinical trial, parametric survival curves were fitted to our model:
Frontiers in Oncology | www.frontiersin.org 4
exponential, Weibull, generalized gamma, log-normal, and log-
logistic. They were modeled jointly for each treatment group,
and the best fit was determined using the Akaike information
criterion, Bayesian information criterion, plausibility of the
est imated long-term surviva l , and expert opinion
(Supplementary Table 2 and Supplementary Figures 1, 2)
(12, 19). The parameter estimates for survival curves are
presented in Supplementary Table 3.

Cost and Utility
We considered direct medical costs, which were represented in
the model either as episodic costs for curative treatments and
death (end-of-life) or state-based costs, in terms of the healthcare
system perspective. The input costs, presented in USD in 2020 (1
USD = 1,166.51 KRW), are shown in Table 1. The cost data
before 2020 were corrected for inflation using the national
inflation calculator.

Treatment-specific costs in the recurrence-free state were
estimated based on healthcare utilization from RCT and the
unit cost from the reimbursement price list from HIRA. In
accordance with the label of CIK cell immunotherapy,
TABLE 1 | Model input parameters.

Model input Value PSA distribution Sources

Patient characteristics
Starting age, years 55 Lee et al. (9)
Proportion of curable recurrence, % Lee et al.a (10)
Treatment 56.6
Control 47.8

Incidence rate of curative treatments (/person-year), mean (95% CI) Lee et al.a (10)
Resection 0.0888 (0.0385, 0.1390) Normal
Radiofrequency ablation 0.3033 (0.2105, 0.3962) Normal
Percutaneous ethanol injection 0.2071 (0.1304, 0.2839) Normal
Liver transplantation 0.0148 (0.0000, 0.0353) Normal

Utilities
Health state utility (95% CI) Pollom et al. (16)

Recurrence-free state 0.88 (0.85, 0.92) Beta
Curable recurrence 0.88 (0.85, 0.92) Beta
Incurable recurrence 0.40 (0.32, 0.48) Beta

Treatment-related disutility Ock et al.b (17)
Resection - 0.26
Radiofrequency ablation - 0.33
Percutaneous ethanol injection - 0.33
Transplantation - 0.21

Costs (USD), mean (SD)c

Treatment cost (per injection) 3,807
Health state cost (per cycle)

Recurrence-free stated 211 (21) Gamma Micro-costing
Curable recurrenced 211 (21) Gamma Micro-costing

Incurable recurrence 2,505 (711) Gamma HIRA data
Event cost for curative treatments HIRA data
Resection 8,082 (3,015) Gamma
Radiofrequency ablation 2,085 (1,039) Gamma
Percutaneous ethanol injection 1,640 (1,282) Gamma
Liver transplantation 67,142 (23,888) Gamma

End-of-life costd 6,798 (679) Gamma Yang, (18)
December 2021 | Volume 11
CI, confidence interval; HIRA, Health Insurance Review & Assessment Service of Korea; PSA, probabilistic sensitivity analysis; SD, standard deviation.
aDerived from post-hoc analysis of recurrence data from phase III trial (Lee et al., 2015 & Lee et al., 2018).
bConverted to disutility from Ock et al., 2017.
c1 USD = 1,166.51 KRW.
dStandard deviation is assumed to be 10% of the mean value.
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treatment cost was considered for a total of 16 times at the price
proposed by the manufacturer.

The medical costs for recurrence were obtained from the
HIRA National Patient Sample (HIRA-NPS-2016-0106) data.
The cost analysis of HIRA-NPS data was approved by the
institutional review board of Sungkyunkwan University. The
HIRA-NPS data are representative of the South Korean
population, which includes approximately 3% of the total
population (20, 21). From the HIRA-NPS data, we extracted
the medical costs per episode of each curative treatments (i.e.,
resection, RFA, PEI, and transplantation) and noncurative
treatments (i.e., TACE, external-beam radiation therapy, and
systemic therapy with sorafenib or cytotoxic chemotherapy)
from patients with the main diagnosis code of HCC (C22.0 of
ICD-10, International Classifications of Disease 10th version) in
2016. The detailed procedure codes which were used to estimate
the medical costs for each treatment were presented in
Supplementary Table 4. For the curable recurrence state, the
cost for each curative treatment was individually applied
according to the incidence of curative treatment in the model.
For the incurable recurrence state, the state-based cost was
calculated by multiplying the cost of noncurative treatment by
the frequency obtained from the RCT. The end-of-life costs were
adapted from a previous study that observed end-of-life costs for
patients with cancer (18).

We performed a systematic literature review using PubMed
and the Cochrane library to obtain utility values for each health
state in our model (16, 17). Utility is a number between 0 (death)
and 1 (perfect health), which is used to calculate QALY by taking
length and quality of life into consideration (22). A detailed list of
the utilities and disutilities included in the model are shown
in Table 1.

Analysis
The main output of this study was the incremental cost-
effectiveness ratio (ICER), which was calculated by dividing the
incremental costs by the incremental LYs and QALYs between
the CIK cell immunotherapy group and no adjuvant therapy
group. The cost-effectiveness was interpreted using ICER at the
willingness-to-pay (WTP) threshold of $50,000/QALY.

Furthermore, one-way deterministic and probabilistic
sensitivity analyses were performed to explore the robustness
of the results by varying the parameter values and assumptions.
For the one-way sensitivity analysis, clinical variables
Frontiers in Oncology | www.frontiersin.org 5
(parametric survival distribution to OS and RFS, and the
proportion of patients receiving curative treatment), utility
weights, medical costs, analytic perspective, time horizon, and
discount rate were changed. Medical costs in other countries
were also applied to the sensitivity analysis and are presented in
Supplementary Table 5 (23–25).

For the probabilistic sensitivity analysis, a comprehensive
estimate of the uncertainty around the results was calculated
using simultaneous random sampling of input parameters. The
range and distribution of the parameters are listed in Table 1 and
Supplementary Table 2. The probabilistic sensitivity analysis
consisted of 1,000 iterations with random values generated
according to the range or distribution of each parameter
included in the model. In addition, a cost-effectiveness
acceptability curve (CEAC) was constructed to show the
likelihood of the intervention being cost-effective according to
the various WTP thresholds.
RESULTS

Based on the RCT data, the CIK cell immunotherapy resulted in
11.68 LYs and 8.80 QALYs per patient costing $115,002, whereas
no adjuvant therapy resulted in 9.60 LYs and 6.94 QALYs per
patient costing $53,190 (Table 2). Throughout the time horizon,
the incremental LYs was 2.07 years, and the patients treated with
CIK cell immunotherapy remained in the recurrence-free state
longer than the patients without treatment (5.43 vs. 4.07 years,
Figure 2). For treatment costs, a substantial difference between
the two interventions was observed in the recurrence-free state.
The incremental QALYs was 1.87 costing $61,813, and the ICER
was $33,077/QALY.

Based on the RWD, the CIK cell immunotherapy resulted in
12.53 LYs and 9.76 QALYs per patient with a treatment cost of
$110,670, whereas no adjuvant therapy resulted in 10.68 LYs and
7.66 QALYs per patient costing $57,959. The incremental life-
years gained was 1.85, and the incremental QALY was 2.10,
resulting in an ICER of $25,107/QALY. The ICERs estimated
based on RCT data and RWDwere both less than $50,000, which
showed the cost-effectiveness of CIK cell immunotherapy.

The results of the deterministic sensitivity analysis are
presented in Supplementary Figure 3 and Table 3, showing
the 10 most sensitive input parameters, given RCT data and
RWD. The parameter that most influenced the ICER was the
TABLE 2 | Result of the cost-effectiveness analysis.

CIK cell Immunotherapy No adjuvant therapy Incremental ICER ($/LY or $/QALY)

Based on RCT data
Cost $115,002 $53,190 $61,813
LY 11.68 9.60 2.07 $29,791
QALY 8.80 6.94 1.87 $33,077

Based on RWD
Cost $110,670 $57,959 $52,711
LY 12.53 10.68 1.85 $28,437
QALY 9.76 7.66 2.10 $25,107
December 2021 | Vo
CIK, cytokine-induced killer cell; LY, life-year; QALY, quality-adjusted life-year; ICER, Incremental cost-effectiveness ratio; RCT, randomized controlled trial; RWD, real-world data.
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time horizon. Regarding other parameters, including
productivity loss in the analysis (societal perspective) resulted
in lower ICER ($ 25,562), whereas applying medical costs from
Italy and the USA showed the robustness of the study results
with ICER ranging from $34,141–$38,425 (Supplementary
Table 3). All ICERs based on the RWD were lower than those
based on the RCTs. The CEAC calculated from our model
showed that the likelihood of CIK cell immunotherapy being
cost-effective was 95% and 88% based on RCT and RWD,
respectively, with a WTP threshold of $50,000 (Figure 3). For
WTP values below $42,350, the cost-effectiveness acceptability
Frontiers in Oncology | www.frontiersin.org 6
based on RWDwas higher than that based on RCT, but the trend
reversed for WTP values beyond $42,350.
DISCUSSION

This study demonstrated that adjuvant CIK cell immunotherapy
in patients who received curative treatment for HCC is cost-
effective as compared with no adjuvant therapy. By applying data
from RCTs and an extended follow-up study, we showed that the
higher LYs and QALYs gained from receiving CIK cell
A

B

C

FIGURE 2 | Base-case results. (A) Cost, (B) life-year gained, and (C) quality-adjusted life-year gained. The bold text indicates the total value estimated from the
analyses. CIK, cytokine-induced killer.
December 2021 | Volume 11 | Article 728740
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immunotherapy compared with no adjuvant therapy resulted
from prolonged survival, reduced recurrence of HCC, and better
prognosis of recurrence (9, 10). Furthermore, decreased medical
expenses for the treatment of incurable recurrent HCC partially
offset the considerable treatment cost of CIK cel l
immunotherapy in patient with curable recurrent HCC.
Frontiers in Oncology | www.frontiersin.org 7
Consequently, adjuvant CIK cell immunotherapy could be a
cost-effective option based on a WTP threshold of US$
50,000/QALY.

The simulation results using RWD, where CIK cell
immunotherapy prolonged the RFS of patients with HCC,
showed further improvement in cost-effectiveness, which was
FIGURE 3 | Cost-effectiveness acceptability curve for clinical data from the real-world data and randomized clinical trial.
TABLE 3 | Deterministic sensitivity analyses..

Scenario ICER (US$/QALY)

RCT RWD

Base-case 33,077 25,107
Clinical outcomes
Survival*

RFS [Best case; Weibull (RCT), Weibull (RWD)] 31,260 22,948
RFS [Worst case; Log-normal (RCT), Generalized gamma (RWD)] 33,077 31,695
OS [Best case; Weibull (RCT), Generalized gamma (RWD)) 31,009 22,587
OS [Worst case; Generalized gamma (RCT), Log-normal (RWD)] 38,831 27,545

Proportion of curable recurrence
Considering a portion of TACE as a curative treatment (CIK 75.8% vs No Tx 72.6%) 36,293 29,237

Health-related quality of life
Health state utilities

Cancer free and incurable recurrence state (Upper bound) 31,876 24,978
Cancer free and incurable recurrence state (Lower bound) 33,971 25,236

Costs
Medical costs from other healthcare systems

The USA [derived from Cardier et al., (23)] 38,425 9,505
France [derived from Cardier et al., (23)] 34,617 25,626
Italy [derived from Rognoni et al., (24)] 34,141 22,197

End-of-life cost
Upper bound (+20%) 32,930 24,695
Lower bound (–20%) 33,223 25,187

Analytic perspective (Societal perspective)
Including productivity loss cost 25,562 19,858

Model parameters
Time horizon (15 years) 41,628 32,730
Time horizon (25 years) 28,799 21,263
Annual discount rate (3%) 27,617 20,336
Annual discount rate (7.5%) 40,926 31,973
December 2021 | Volume 11 | Articl
ICER, incremental cost-effectiveness ratio; RCT, randomized controlled trial; RWD, real-world data; RFS, recurrence-free survival; OS, overall survival; TACE, transarterial chemoembolization.
*To see the uncertainty from the selected survival curve, we carried out a sensitivity analysis that calculated the lowest (best case) and the highest (worst case) ICER by applying each
parametric survival distribution to OS and RFS.
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attributed to more favorable survival for CIK cel l
immunotherapy than that from the RCT data. The cost-
effectiveness model using RWD shows that more patients
stayed in recurrence-free health state due to better RFS than
that from RCT. Therefore, scenario using RWD incurred less
medical expenditure and have more health-related quality of life
due to prolonged recurrence-free survival, which means the cost-
effectiveness results using RWD were better than that from
RCT data.

In the RCT, adjuvant CIK cell immunotherapy was more
effective at reducing the rate of early recurrence within the first
24 months (which is mainly associated with residual tumor cells)
than late recurrence beyond 24months (which is mainly related
to de novo carcinogenesis from diseased liver). Based on this
result, the authors of the RWD study suggested that a shorter
follow-up duration of RWD (28.0 months) than that of RCT
(68.5 months) may be associated with lower HR of tumor
recurrence (0.42 vs 0.67) (9–11). However, it should be noticed
that the baseline characteristics of patients were worse with
higher tumor stage and larger tumor size in RWD than in
RCT. These baseline characteristics might be unfavorable to
RWD as CIK cell treatment is expected to be more effective in
patients with less tumor burden (9). Thus, the lower HR of tumor
recurrence or death in RWD is not simply explainable with
currently available data and further real-world studies
are warranted.

Our findings provide evidence for generalizing the
effectiveness of RCTs conducted in controlled populations in
the real-world population. The participants in the RCT, who
were included following clear inclusion and exclusion criteria
and treated following a well-defined schedule, may not represent
patients in real-world practice (26). Thus, the validation of the
effectiveness of CIK cell adjuvant therapy in RWD is essential,
and the benefit of RFS is reproducible. Furthermore, our findings
are meaningful in that a more beneficial economic value of CIK
cell immunotherapy could be obtained in real-world clinical
practice. In addition, the cost-effectiveness results from both
RCT and RWD can support decision-making on introducing
CIK cell immunotherapy in an adjuvant setting.

The analysis conducted under the societal perspective
considering productivity loss was remarkable compared to that
conducted from the healthcare system perspective. HCC occurs
more frequently in men and is most frequently diagnosed among
people aged 55–64 years who are economically active, and also
occurs at a younger age, especially in Asia and sub-Saharan
Africa, where HBV is endemic, than in other regions where HBV
is not a predominant etiology of HCC (27–30). As the
socioeconomic burden of disease because of premature death is
substantial, preventing recurrence in such patients would reduce
productivity loss in society. In South Korea, an HBV-endemic
country, HCC was the second-highest cause of cancer-related
death (21.5 per 100.000 population) in 2016 following lung
cancer but resulted in the highest economic burden (USD
3.144 million) in 2010 among all cancers (31). It is a
disappointing outcome considering that the nationwide regular
surveillance program is now working well and approximately
Frontiers in Oncology | www.frontiersin.org 8
40% of new HCC cases are diagnosed at a very early or early
stage, where potentially curative treatment can be applied (32).
Accordingly, the urgent need for cost-effective adjuvant therapy
should be highlighted again.

Our findings on the cost-effectiveness of CIK cell
immunotherapy, which prevents the recurrence of HCC, align
with the results of previous cost-effectiveness studies on adjuvant
therapies. Although there is no guideline-suggested adjuvant
therapy for patients with HCC, several RCTs were conducted
for adjuvant therapy with an effective drug used in the
management of advanced HCC, such as sorafenib (33, 34).
Because our study was the first to demonstrate the cost-
effectiveness of treatment to prevent recurrence in HCC, there
was no previous study to report the cost-effectiveness of adjuvant
therapy in patients with HCC who underwent a potentially
curative treatment. However, there have been several studies
on other types of cancers, in which cost-effectiveness was verified
by preventing recurrence or relapse (35–37). Our results
emphasize the importance of preventing recurrence after
successful primary therapy, which is in line with previously
reported findings.

Our research has significant strengths, although decision-
analytic models have limitations regarding the input parameters
applied in the model. First, our original model was designed to
reflect the prognosis of HCC recurrence, which is not generally
considered in the conventional three-state model. To reflect the
heterogeneous prognosis of recurrence, we conducted a post-hoc
analysis of subsequent treatments (curative and noncurative
treatments) from the phase III clinical trial, followed by the
proportion of curable recurrence that we applied to our original
model. Therefore, we have improved the model plausibility by
reflecting the different prognoses of recurrence and health-
related quality of life of patients. In addition, we demonstrated
the robustness of cost-effectiveness by performing probabilistic
and deterministic sensitivity analyses. Most of the input
parameters were derived from the patient-level data of the
phase III trial, and the remaining input parameters were
verified by clinical experts. Moreover, we applied a wide range
of costs and effect iveness to our model to assess
inherent uncertainties.

Although our study considered various ranges of uncertainty,
there were some limitations. First, the applied costs were
obtained from the Korean healthcare system. Therefore, the
costs were potentially lower than those in other developed
countries, such as the USA. However, cost-effectiveness
evaluations focus on the ‘incremental’ costs and effectiveness of
CIK cell immunotherapy, and because the unit medical costs
affected both the intervention and comparator in our model, the
impact of lower costs in South Korea on the results would be
limited. Even if the local cost data were replaced with those in
other developed countries, including the USA, France, and Italy,
the estimated ICERs from those scenarios ($34,000–$38,000/
QALY) were similar to our base-case analysis results and were
similar to or lower than each country’s gross domestic product
(GDP) per capita. Because the cost-effectiveness threshold for
anticancer drugs is generally accepted as approximately twice the
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GDP per capita, CIK cell immunotherapy would be a cost-
effective alternative in all of these countries as well. In
addition, the discount rate applied to our model was 5%,
which was slightly higher than that in other developed
countr ies ; thus , the cost-e ffect iveness of CIK cel l
immunotherapy was analyzed conservatively because the long-
term effectiveness and offset treatment costs of incurable
recurrent HCC were underestimated in the base-case setting.

Second, survival data from RWD study has a relatively shorter
observation period than RCTs, and there were some differences
in the baseline characteristics among RWD and RCTs. This may
increase the uncertainty of modeled survival output using RWD.
Therefore, we simulated various parametric survival functions in
sensitivity analyses to alleviate the uncertainty caused by short
observation periods and different patient characteristics from
RCTs, and presented the minimum and maximum values of
ICER according to various survival functions in the tornado
diagram (Supplementary Figure 3). As a result, our model
showed robust results even when using RWD data. Finally, the
proportion of curable recurrent HCC was calculated based on
operational definitions using the subsequent treatment data of
patients obtained from RCTs. For example, each recurrence
treated with TACE was classified as incurable recurrence.
However, there could be a curative TACE for patients who are
not eligible for other curative treatments, which could lead to an
underestimation of the proportion of curable recurrence. Even if
we adopted the most generous criteria for classifying the
curability of recurrence, the ICER increased by only 7% from
the base-case analysis, and CIK cell immunotherapy was still
cost-effective.

In conclusion, we showed that receiving CIK immunotherapy
was more cost-effective than no adjuvant therapy in patients with
HCC who underwent a potentially curative treatment, attributed
to the prolonged survival, reduced recurrence of HCC, and better
prognosis of recurrence, and it could be even more cost-effective
in the real-world clinical practice.
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