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Purpose: We aimed to determine the cost-effectiveness of diagnostic tests, ie, computed 
tomography (CT), magnetic resonance imaging (MRI), and fluorine-18-fluorodeoxyglucose 
positron emission tomography/computed tomography (PET⁄CT) for para-aortic lymph node 
detection (PALND), in locally advanced cervical cancer (LACC) patients (stages IB3–IVA) 
with or without laparoscopic lymphadenectomy (LL) compared with no investigation (NoIx) 
based on provider and societal perspectives during 5 years.
Patients and Methods: Hybrid decision tree and Markov models were conducted to 
compare the cost and utility of six interventions including: 1) CT without LL, 2) CT with 
LL, 3) MRI without LL, 4) MRI with LL, 5) PET/CT without LL, and 6) PET/CT with LL 
compared with NoIx. All clinical parameters were obtained from published studies. Costs 
were presented in year 2019 values. Direct medical costs were retrieved from hospital 
database, while direct non-medical costs and utility were collected from interviewing 194 
LACC patients during June to December 2019. One-way and probabilistic sensitivity 
analysis were used to investigate parameter uncertainties.
Results: Total costs of NoIx were $8026 and $11,444 from provider and societal perspec
tives, respectively, and quality-adjusted life year (QALY) was 3.70. NoIx was more effective 
and less costly. When six strategies were compared with NoIx, more additional costs were 
shown with $1835, $1735, $2022, $1987, $4002, and $4176 for CT without LL, CT with LL, 
MRI without LL, MRI with LL, PET/CT without LL, and PET/CT with LL, whereas QALYs 
were decreased with 0.07, 0.08, 0.07, 0.08, 0.05, and 0.07, respectively. Sensitivity analyses 
strengthened the benefit of NoIx. The most significant parameter was treatment outcomes of 
patients with PALN metastasis.
Conclusion: NoIx or receiving basic clinical staging was a dominant option when compared 
with CT, MRI, and PET/CT for PALND before providing the treatment for LACC patients.
Keywords: cost-utility analysis, stage IIIC2 cervical cancer, computed tomography, 
magnetic resonance imaging, PET/CT

Introduction
In developing countries such as Thailand, cervical cancer is still being threatened 
cancer for women, followed by breast cancer. In 2018, the estimated number of new 
cervical cancer patients and deaths was 8622 and 5015, respectively. It means that 
approximately one Thai woman dies every two hours from cervical cancer.1 The 
incidence of this cancer is varied across countries depending on the level of 
economic performance.2 The most important prognostic factor for cervical cancer 
is stage of disease. In 2018, the International Federation of Gynecology and 
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Obstetrics (FIGO) staging system added the new stages, ie, 
stages IIIC1 and IIIC2 for disease at pelvic lymph node 
(PLN) and para-aortic lymph node (PALN), respectively.3 

The incidence of metastatic disease to PALN is dependent 
on clinical staging at the first diagnosis. For locally 
advanced cervical cancer (LACC) patients or stages IB3– 
IVA, the overall incidence of disease at PALN was 
about 16%.4

The gold standard for PALN detection (PALND) is histo
pathology by surgical operation.4,5 However, special imaging, 
ie, computed tomography (CT), magnetic resonance imaging 
(MRI), and fluorine-18-fluorodeoxyglucose positron emission 
tomography/computed tomography (PET⁄CT), is easier to per
form than surgical staging and preferred by physicians for 
PALND. Currently, according to the FIGO 2018, the ideal 
staging is special imaging, ie, CT, MRI, PET/CT, or patholo
gical approach at enlarged pelvic lymph nodes and para-aortic 
lymph nodes, which has been applied in developed countries 
which have unconstrained resources and can adopt new sta
ging systems.3 These images and pathological approach were 
also used to establish stages IIIC1r (imaging), IIIC1p (pathol
ogy), IIIC2r, and IIIC2p according to the FIGO 2018 staging 
system.3 However, these special investigations are not man
datory, if there are limitations to their accessibility, ie, no 
equipment such as MRI and PET/CT in hospitals, long waiting 
time for investigations, and lack of skills for laparoscopic 
lymphadenectomy (LL). Therefore, based on the FIGO sta
ging 2018, basic clinical staging, ie, physical examination, 
pelvic examination, and biopsy of cervical tumor, has also 
been accepted to be used as the standard of care in low- 
resource conditions.3

The limitation of each image is their accuracy includ
ing sensitivity (true positive rate; TP rate) and specificity 
(true negative rate; TN rate), thus some errors of these 
assessments, ie, understaging (false negative; FN) or over
staging (false positive; FP), cannot be avoided. Moreover, 
previous studies revealed more survival benefit from 
pathological diagnosis than radiological diagnosis.6–8 For 
laparoscopic para-aortic lymphadenectomy, two techni
ques have been described, ie, transperitoneal LL and extra
peritoneal LL, and there was no difference between these 
two techniques regarding complications after surgery.9

The importance of PALN metastasis detection is to 
increase the curative chance of treatment for stage IIIC2 
cervical cancer patients. Nowadays, there is no standard treat
ment for patients who had suspected disease at PALN by 
diagnostic tests. Extended-field radiation therapy (EFRT) is 
recommended for patients who have evidence of disease at 

PALN.10,11 A range of treatment outcomes of 5-year disease- 
free survival (DFS) and 5-year overall survival (OS) of 18% to 
45% and 30% to 70%, respectively, has been reported,12–19 

and increase of some late side effects (SEs) was 
unavoidable.20,21 Therefore, the benefit of screening disease 
at PALN was still questionable. Apart from OS, another treat
ment outcome that is important for patients is quality of life 
from the consequence of treatment. Moreover, cost of inves
tigations, treatments, and complications due to the treatment 
should be of concern. Therefore, it is important to investigate 
the cost and outcomes of all diagnostic tests for PALND, as 
physicians usually order these investigations as a routine prac
tice without concerns about these aspects.

Until recently, there has been no previous economic eva
luation evidence regarding the value for money of such special 
diagnostic tests in developing countries such as Thailand, yet. 
Therefore, the purpose of this study was to determine the cost- 
effectiveness of diagnostic tests, ie, CT, MRI, and PET⁄CT for 
PALND in LACC patients (stages IB3–IVA) with or without 
LL compared with NoIx based on provider and societal per
spectives during 5 years at the national level.

Materials and Methods
Economic Evaluation
Cost–utility analysis was applied to compare the costs and 
outcomes of diagnostic tests for PALND before providing 
definite treatment. Hybrid decision tree and Markov models 
were conducted based on healthcare provider and societal 
perspectives. The time horizon of this study was 5 years 
which assumed as cancer-free absolutely with a cycle 
length of 6 months. Target populations included LACC 
patients with stages IB3–IVA. Three diagnostic tests, ie, 
CT, MRI, or PET/CT, were compared with NoIx. If PALN 
was enlarged from diagnostic tests, laparoscopic lympha
denectomy (LL) was the component of comprehensive 
investigation for some physicians to confirm a positive 
finding. In order to include more variation of practice, LL 
was the option in this study in case imaging was positive. 
The compared interventions were as follows: (1) CT with
out LL, (2) CT with LL if image was positive, (3) MRI 
without LL, (4) MRI with LL if image was positive, (5) 
PET/CT without LL, (6) PET/CT with LL if image was 
positive, and (7) NoIx. After patients had received clinical 
staging by pelvic examination and were classified as 
stages IB3–IVA, concurrent chemoradiation therapy 
(CCRT) was provided. Standard CCRT was composed of 
external beam radiation therapy at the whole pelvis by two- 
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dimensional technique at 56 Gy (28 fractions) with weekly 
cisplatin 40 mg/m2 for six cycles and high dose-rate bra
chytherapy four times. The results were presented as the 
incremental cost-effectiveness ratio (ICER) calculated by 
a difference in costs divided by a difference in quality- 
adjusted life years (QALYs) or number of cases detected 
between each diagnostic test and NoIx.

Economic Evaluation Model
Decision tree and Markov models were developed using 
Microsoft Office Excel 2010 (Microsoft Corp., Redmond, 
WA, USA). Figure 1 illustrates a decision tree model for 
PALND without LL. After LACC patients received each 

diagnostic test, they might have either PALN enlargement 
(>10 mm in short axis measurement) or suspected metastatic 
disease22 or no PALN enlargement (≤10 mm in short axis 
measurement). For those without PALN enlargement having 
TN or FN test results, they would receive CCRT. On the other 
hand, for those with PALN enlargement having TP or FP test 
results, they would receive EFRT by three-dimensional con
formal radiation therapy (3D-CRT) with the total dose of 60 
Gy in 30 fractions after CCRT at the whole pelvis.

Figure 2 shows a decision tree model for PALND with 
LL. If either a FP or TP test result was found, LL would be 
performed. If the TP test result confirmed that there were 
cancer cells at this node, patients had to undergo EFRT 

Figure 1 Decision tree of para-aortic lymph node detection with the first approach: without laparoscopic lymphadenectomy. 
Abbreviations: CT, computed tomography; MRI, magnetic resonance imaging; PET/CT, positron emission tomography/computed tomography; PALN, para-aortic lymph 
node; CCRT, concurrent chemoradiation; EFRT, extended-field radiation therapy; M, Markov model.
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with the total dose of 50.4 Gy in 28 fractions. If either TN 
or FN was found, CCRT would be given. We assumed that 
the patients finishing the treatment would be followed up 
every 3 months for the first two years and then every 6 
months for the third to fifth years.

After LACC patients completed treatment with CCRT or 
CCRT plus EFRT from decision trees, the patients’ costs and 
outcomes were estimated using a Markov model consisting 
of four health states including no disease or disease-free, 
disease progression (local recurrence or distant metastasis), 
severe late SEs in terms of gastrointestinal (GI) and genitour
inary (GU) systems, and death states (Figure 3). All patients 
would start from no disease state, and could stay at the same 

health state or move to progression, late SEs, or death. Our 
model assumptions were as follows: 1) all patients had no 
metastatic disease to other organs except PALN at the time of 
diagnosis; 2) no delayed treatment such as CCRT or EFRT 
due to complications of LL; 3) two-dimensional radiation 
therapy at whole pelvis was applied; 4) when disease was 
progressive, recurrence, or distant metastasis, these patients 
had median survival time about 18 months by palliative 
carboplatin plus paclitaxel for 6 cycles and supportive 
care.23 This study did not include bevacizumab for systemic 
treatment, because this targeted therapy cannot be reim
bursed for treatment in stage IVB or metastatic or recurrent 
cervical cancer patients in Thailand.

Figure 2 Decision tree of para-aortic lymph node detection with the second approach: laparoscopic lymphadenectomy. 
Abbreviations: CT, computed tomography; MRI, magnetic resonance imaging; PET/CT, positron emission tomography/computed tomography; PALN, para-aortic lymph 
node; CCRT, concurrent chemoradiation; EFRT, extended-field radiation therapy; LL, laparoscopic lymphadenectomy; M, Markov model.
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Model Parameters
Clinical Parameters
Table 1 presents all parameters used in this study. All 
clinical parameters in the decision tree model, ie, inci
dence of PALN metastasis,4 diagnostic accuracy for 
PALND from CT, MRI, and PET/CT,24 were obtained 
from landmark clinical studies. The probabilities of 

clinical outcomes for LACC patients with NoIx were 
obtained from a Thai study.25 The probabilities of 5-year 
DFS, OS for patients with disease progression after com
pleting treatment, and severe late SEs were extracted from 
international published studies.17,19,23,26 From the study of 
Lai et al,12 it was assumed that late GI and GU SEs for 
NoIx, EFRT without LL, and CCRT after LL were iden
tical. Age-specific population mortality rate was retrieved 
from the World Health Organization (WHO).27

Cost Parameters
According to a societal perspective, direct medical costs 
(DMCs) and direct non-medical costs (DnMCs) were 
included,28 whereas only DMC was considered based on 
healthcare provider’s perspective. DMC included the costs 
of all laboratory tests, diagnostic tests, treatment modalities, 
cost of management for severe late SEs during 5 years, cost 
of palliative chemotherapy (carboplatin plus paclitaxel for 6 

Figure 3 The schematic diagram of the Markov model.

Table 1 Clinical Parameters

Parameters Mean (95% Confidence Interval) Reference

Incidence of PALN (stage IB–IVA) 0.16 (0.13–0.18) [4]

Diagnostic test accuracy CT MRI PET/CT
True negative (TN) 0.91 (0.89 −0.93) 0.93 (0.91–0.95) 0.97 (0.98–0.96) [24]

True positive (TP) 0.57 (0.47–0.67) 0.54 (0.44–0.64) 0.66 (0.57–0.75) [24]

False negative (FN) 0.43 (0.33–0.53) 0.46 (0.36–0.56) 0.34 (0.25–0.43) [24]
False positive (FP) 0.09 (0.07–0.11) 0.07(0.05–0.09) 0.03 (0.02–0.04) [24]

Survival data at 5 years (disease-free survival)
No investigation ➔ CCRT 0.63 (0.55–0.71) [25]

Diagnostic test with no LL when suspected disease at PALN

- no suspected disease at PALN (TN) ➔ CCRT 0.65 (0.57–0.73) [26]
- no suspected disease at PALN (FN) ➔ CCRT 0.06 (0.02–0.10) [23]

- suspected disease at PALN (TP and FP) ➔ EFRT 0.46 (0.32–0.60) [17]

Diagnostic test with LL when suspected disease at PALN
- disease (TP) ➔ EFRT 0.29 (0.16–0.42) [19]

- no disease (FP) ➔ CCRT 0.65 (0.57–0.73) [26]

Overall survival rate after when disease progression 0.10 (0.05–0.15) [23]

Severe late side effect rates (grades 3–5)
- gastrointestinal system from CCRT ± LL 0.06 (0.02–0.10) [26]
- genitourinary system from CCRT ± LL 0.17 (0.11–0.23) [26]

- gastrointestinal system from EFRT 0.06 (0.02–0.10) [26]

- genitourinary system from EFRT 0.17 (0.11–0.23) [26]
- gastrointestinal system from LL + EFRT 0.11 (0.02–0.20) [19]

- genitourinary system from LL + EFRT 0.19 (0.08–0.30) [19]

- death from CCRT ± LL 0.01 (0–0.03) [26]
- death from CCRT + EFRT 0.01 (0–0.02) [17]

- death from LL + EFRT 0.02 (0–0.06) [19]

Abbreviations: PALN, para-aortic lymph node; FN, false negative; FP, false positive; TN, true negative; TP, true positive; CT, computed tomography; MRI, magnetic 
resonance imaging; PET∕CT, fluorine-18-fluorodeoxyglucose positron emission tomography/computed tomography; CCRT, concurrent chemoradiation therapy; LL, laparo
scopic lymphadenectomy; EFRT, extended-field radiation therapy.
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cycles), and supportive care. Data on DMCs were obtained 
from the hospital database at the Faculty of Medicine Vajira 
Hospital and the National Cancer Institute of Thailand. DMC 
data of 59 newly diagnosed LACC patients who were receiv
ing treatment as CCRT or CCRT plus EFRT, 97 patients with 
no disease and no severe late SEs at follow-up period, and 38 
patients with disease recurrence were collected during June 
to December 2019. However, the cost of management of 
grades 3–4 of late GI and GU SEs was used from the hospital 
database because of the small number of these patients. All 
investigation or treatment costs which were out-of-pocket 
expenses incurred by patients were included. All charges 
were converted to costs using a cost-to-charge ratio of 1.63.28

DnMCs were the costs incurred by patients and their 
families due to illness, including the costs of travel, food, 
informal care, and productivity loss of caregivers. These 
costs were gathered from interviewing the same patients 
from whom we collected DMCs using a developed data col
lection form. Ethical approval was granted by the Institutional 

Review Board at both hospitals and Faculty of Pharmacy, 
Mahidol University. All patients provided informed consent, 
in accordance with the Declaration of Helsinki. Future costs 
were adjusted to the present values in 2019 using the discount 
rate of 3%.29 All costs were presented in both Thai Baht 
(THB) and US$ using the exchange rate of 32 THB/US$. 
All cost parameters are shown in Table 2.

Utility Parameters
Utility data were collected from interviewing LACC 
patients during the entire study period along with 
DnMCs using the EQ-5D-5L (Thai version) 
questionnaire.30 Patients who were selected to be inter
viewed included 59 patients for newly diagnosed state and 
receiving treatment, 97 patients for no disease state with
out severe late SEs, and 38 patients for disease progression 
state. However, due to a limited number of LACC patients 
who developed severe GI and GU late SEs during the 
study period, we assumed that the utility data of these 

Table 2 Cost and Utility Parameters

Parameters Mean (US$/THB) Range (US$/THB)

Direct Medical Costs
CT whole abdomen 599/19,155 449–748/14,367–23,945
MRI whole abdomen 917/29,340 688–1146/22,005–36,675

PET/CT 3056/97,800 2292–3820/73,350–122,250
Laparoscopic lymphadenectomy 2116/67,712 1587–2645/50,784–84,640

Concurrent chemoradiation therapy 4291/137,312 3218–5364/102,984–171,640

Extended-field radiation therapy 4952/158,452 3714–6190/118,839–198,065
Palliative treatment 9665/309,277 7249–12,081/231,958–386,596

Treatment grades 3–4 of late GI side effect 6750/216,000 5063–8438/162,000–270,000

Treatment grades 3–4 of late GU side effect 8558/273,861 6419–10,698/205,396–342,326

Direct non-medical costs
Treatment period

Concurrent chemoradiation therapy 1033/33,063 775–1292/24,798–41,330

Extended-field radiation therapy 3046/97,463 2284–3807/73,097–121,828

Follow-up period
No disease and no severe side effects 1113/35,629 835–1392/26,722–44,536

No disease with grades 3–4 GI side effects 1532/49,040 1149–1916/36,780–61,300

No disease with grades 3–4 GU side effects 1253/40,096 940–1566/30,072–50,121
Disease progression 2158/69,074 1619–2698/51,806–86,343

Utility 95% confidence interval
Treatment period to first six months 0.89 0.86–0.92
Follow-up period

No disease and no severe side effects 0.93 0.91–0.95

No disease with grades 3–4 GI side effects 0.86 0.81–0.89
No disease with grades 3–4 GU side effects 0.89 0.84–0.94

Disease progression 0.72 0.64–0.80

Abbreviations: THB, Thai baht; CT, computed tomography; MRI, magnetic resonance imaging; PET∕CT, fluorine-18-fluorodeoxyglucose positron emission tomography/ 
computed tomography; GI, gastrointestinal system; GU, genitourinary system.
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patients were collected from colorectal cancer and bladder 
cancer patients, as these patients had the same symptoms 
as LACC patients with severe GI and GU late SEs. All 
utility parameters are demonstrated in Table 2.

Sensitivity Analysis
One-way sensitivity and probabilistic sensitivity analyses 
(PSA) were performed using second-order Monte Carlo 
simulation to examine the uncertainty of the parameters. 
One-way sensitivity analysis was used to investigate the 
effect of each parameter value on the change in ICER 
values. All costs varied in the range of 75%–125%, while 
the ranges of 95% confidence interval (CI) were used in all 
probabilities and utility parameters. Tornado diagram was 
used to present the one-way sensitivity analysis results. PSA 
was applied to evaluate the change in the ICER values when 
all parameters were simultaneously varied using the Monte 
Carlo simulation for 1000 iterations by generating random 
values for each parameter. The cost-effectiveness acceptabil
ity curves were used to present the PSA results. Based on the 
societal willingness-to-pay (WTP) threshold of Thailand 
was 160,000 THB or US$5000,28 if the ICER of the diag
nostic test below the threshold was defined as a cost- 
effective intervention for PALND in LACC patients.

Results
All results of NoIx and six strategies from three types of 
diagnostic tests with two approaches in terms of costs from 
provider and societal perspectives, QALYs, and six ICERs are 
reported in Table 3. The costs for 5 years of LACC patients 
with NoIx before treatment were US$8026 and US$11,444 

from the provider and societal perspectives, respectively, and 
their QALYs for that corresponding time was 3.70. NoIx was 
more effective and less costly for LACC patients who had 
some chance of PALN metastasis or stage IIIC2. When each of 
the six strategies was compared with NoIx, more additional 
costs in thee perspective of society were shown with US 
$1835, US$1735, US$2022, US$1987, US$4002, and US 
$4176 per patient for CT without LL, CT with LL, MRI with
out LL, MRI with LL, PET/CT without LL, and PET/CT with 
LL, whereas the QALYs were decreased by 0.07, 0.08, 0.07, 
0.08, 0.05, and 0.07, respectively. In addition, CT, MRI, and 
PET/CT yielded the incremental cost of US$146,832, US 
$159,118, and US$148,988 per PALN case detected compared 
with no investigation, respectively (Table 4).

When each parameter was explored separately to prove 
its impact with one-way sensitivity analysis, all parameters 
still supported the effectiveness of NoIx. The most mean
ingful parameter which influenced the ICER values to be 
positive value for using diagnostic tests were DFS for 
patients who had positive finding at PALN by CT regardless 
of TP or FP result. When this value was at the lower bar of 
95% CI, the ICER values were increased to about 700% by 
decreasing the cost and gaining QALYs for CT with no LL. 
However, the ICER was still negative (-US$244,446), 
because the number of QALYs of CT with no LL from this 
adjusted value was still less than for NoIx (-0.006). The 
same situation was expressed for FP results from CT 
which the changing of DFS was able to provide less addi
tional cost and more QALYs with the small distinction at 
-0.014. That created the increasing number of ICER at 
270%, but a negative value was shown at -US$111,441. 

Table 3 Outcomes of Cost-Effectiveness Analysis Comparing Seven Approaches (No Investigation and Six Strategies)

Outcomes Approaches

1. No 
Investigation

2. CT without 
LL

3. CT with LL 4. MRI without 
LL

5. MRI with 
LL

6.PET/CT without 
LL

7.PET/CT with 
LL

Cost (US$/THB)

Provider 8026/256,829 9643/308,569 9619/307,814 9852/315,272 9874/315,983 11,862/379,588 12,051/385,624

Society 11,444/366,202 13,279/424,927 13,179/421,724 13,466/430,918 13,431/429,796 15,446/494,270 15,620/499,824

QALY 3.70 3.63 3.62 3.63 3.62 3.65 3.63

ICER (US$ per QALY/THB per 

QALY)

−29,679/ 

−949,740

−23,505/ 

−752,152

−32,536/ 

−1,041,160

−26,340/ 

−842,864

−87,656/−2,804,992 −60,586/ 

−1,938,750

Dominant Dominated Dominated Dominated Dominated Dominated Dominated

Abbreviations: CT, computed tomography; MRI, magnetic resonance imaging; PET/CT, fluorine-18-fluorodeoxyglucose positron emission tomography/computed tomo
graphy; LL, laparoscopic lymphadenectomy; THB, Thai baht; QALY, quality-adjusted life year; ICER, incremental cost-effectiveness ratio.
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Therefore, NoIx was a dominant approach because of more 
cost saving and more QALYs. For other parameters includ
ing discount rate, incidence rate of PALN metastasis, per
formance of each diagnostic test, DMCs, DnMCs, other 
treatment outcomes, and utilities, if these were changed in 
the range as described above, there was no significant effect 
on ICER. The first ten parameters which had strong effect on 
ICER are presented in a Tornado diagram in Figure 4. 
Although the incidence of PALN metastasis was increased 
to 30%, the ICER values in terms of cost per PALN case 
detected were much higher compared to NoIx (Table 4).

Figure 5 demonstrates the probabilities of cost- 
effectiveness between NoIx and six strategies of three 
diagnostic tests when WTP threshold was concerned. 
NoIx was presented to be the most cost-effective at the 
probability of 82.0%. The probabilities of cost- 

effectiveness for CT without LL, CT with LL, MRI with
out LL, and MRI with LL were at 9.4%, 8.2%, 0.3%, and 
0.1%, respectively, whereas PET/CT without LL and PET/ 
CT with LL were not shown to be of value for PALND in 
LACC patients in the Thai context. Figure 6 shows the 
cost-effectiveness plane comparing NoIx and all other six 
strategies; almost all ICER values of NoIx were located in 
the right lower quadrant, whereas most ICER values of 
other strategies were placed in the left upper quadrant and 
above the WTP line.

Discussion
During the last five decades, over 90% of studies about 
economic analysis in cervical cancer were concentrated on 
screening or vaccination programs. A few studies were 
interested in cervical cancer treatment,31–36 while only 

Table 4 Outcomes of Cost-Effectiveness Analysis in Terms of Cost per One Case of Para-Aortic Lymph Node Detection

Outcomes (US$/THB) CT MRI PET/CT

Incidence of PALN metastasis of 16%
- Cost per case detected 154,858/4,955,443 167,144/5,348,619 157,014/5,024,438

- ICER 146,832/4,698,614 159,118/5,091,789 148,988/4,767,609

Incidence of PALN metastasis of 30%

- Cost per case detected 82,591/2,642,903 89,114/2,852,597 83,741/2,679,700
- ICER 74,565/2,386,074 81,118/2,595,767 75,715/2,422,871

Abbreviations: PALN, para-aortic lymph node; CT, computed tomography; MRI, magnetic resonance imaging; PET∕CT, fluorine-18-fluorodeoxyglucose positron emission 
tomography/computed tomography.

Figure 4 One-way sensitivity analysis (Tornado diagram) for the top ten most influential parameters. 
Abbreviations: GI, gastrointestinal; GU, genitourinary; CT, computed tomography; LL, laparoscopic lymphadenectomy; PALN, para-aortic lymph node; FP, false positive; 
TN, true negative; TP, true positive; DMC, direct medical cost; CCRT, concurrent chemoradiation; EFRT, extended-field radiation therapy; NoIx, no investigation; ICER, 
incremental cost-effectiveness ratio; CI, confidence interval.
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one study explored the additional value of para-aortic 
lymphadenectomy before starting treatment.31 Currently, 
advanced cervical cancer investigations are needed to 
diagnose and determine severity of disease before starting 
treatment; however, these technologies are commonly 
costly. Given that the majority of cervical cancer patients 
were in underdeveloped and developing countries that lack 
healthcare resources and usually comply with all guide
lines or recommendations from well-resourced countries, 
cost-effectiveness information of cervical cancer investiga
tions in their context would be very helpful information 
for policy decision making and clinical practice. To date, 
this study is the first to evaluate the cost-effectiveness of 
diagnostic tests for PALN detection in LACC patients 
compared with NoIx. The results from this study would 
provide the information on common practice of LACC 
patients at the diagnostic time, whether using special diag
nostic tests could increase value for money.

The major disadvantage of clinical staging is that it is 
unable to detect disease at the para-aortic lymph node. The 
number of patients who would have missed the proper 
treatment at para-aortic lymph node was about 15.6% 
(98/621 patients), according to the study by Berman 
et al.4 In our study, we presented the final outcomes of 
clinical stage which included the results of undertreatment 

at para-aortic lymph node in patients with stage IIIC2. 
Nevertheless, the number of overtreated patients due to 
inaccuracy from clinical staging might not be available, 
because all LACC patients would receive radiation therapy 
at the whole pelvis and concurrence with chemotherapy as 
a standard treatment. Our results suggested that NoIx or 
receiving basic clinical staging was more effective and less 
costly before initiating treatment for LACC patients com
pared to CT, MRI, and PET/CT. The additional value of 
using special diagnostic tests was not evident in terms of 
cost-effectiveness. The obvious reason of this was that all 
the diagnostic tests did not have the capability to gain 
more QALYs compared to NoIx. Although the additional 
cost of each approach was not a large amount of money, 
enormous negative effects on ICERs appeared. In the 
context of Thailand with the threshold of WTP of US 
$5000, real clinical staging by pelvic examination was 
a dominant option in LACC patients.

The result of this study may not be directly compared 
with previous study because no study has ever explored 
this topic before. Nevertheless, the results from Lee et al’s 
study31 were quite similar to our study. They reported the 
cost-effectiveness of proven disease at PALN by surgery in 
case negative finding of PET/CT at PALN was identified. 
Incremental cost per QALY gained from using LL 

Figure 5 Cost-effectiveness acceptability curves of using different approaches for para-aortic lymph nodes detection in locally advanced cervical cancer patients with 
a willingness-to-pay threshold of Thailand. 
Abbreviations: CT, computed tomography; MRI, magnetic resonance imaging; PET∕CT, fluorine-18-fluorodeoxyglucose positron emission tomography/computed tomo
graphy; LL, laparoscopic lymphadenectomy.
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compared with no surgery was US$19,505 per QALY. 
However, Lee et al31 obtained almost all utility parameters 
from another study which related to prostate cancer37 or 
post-operative CCRT for early stage cervical cancer.38 

Additionally, more variation of tools for analyzing utility 
was observed.37–40 Using the important parameter from 
heterogeneous sources might make for the different out
comes, and thus results could not be compared with this 
study. In contrast, the utility data in the current study were 
collected from interviewing LACC patients in all health 
states by the standard tool EQ-5D-5L, and this was the 
strength of our study.

According to cost-effectiveness acceptability curves, 
CT without LL was the next approach that had the prob
ability of effectiveness at 9.4% for ceiling ratio of 

Thailand. One-way sensitivity analysis results suggested 
that the most influential parameter for ICER to be 
a positive value was the survival outcome of patients 
who had suspected disease at PALN by CT. If the number 
of these outcomes had increased to the value of 95% CI, 
the ICER was changed to approximately 700% for TP. 
These results were robust, supporting that the effective 
treatment strategies for patients with disease at PALN 
was more significant than knowing the status of this 
node to correct stage following the new FIGO staging 
system. In addition, the incidences of PALN metastasis 
(16%),4 with the range of 95% CI of 13% to 18%, did 
not have much impact on changing ICERs (-9% to -12%). 
In other words, if incidence of PALN was increased, the 
value of CT or other diagnostic tests was decreased. The 

Figure 6 Cost-effectiveness planes with the threshold willingness-to-pay (WTP) of US$5000 or THB 160,000 per quality-adjusted life year for all approaches in (A), 
comparing no investigation and CT in (B), comparing no investigation and MRI in (C), and comparing no investigation and PET/CT in (D). 
Abbreviations: CT, computed tomography; MRI, magnetic resonance imaging; PET∕CT, fluorine-18-fluorodeoxyglucose positron emission tomography/computed tomo
graphy; LL, laparoscopic lymphadenectomy; QALY, quality-adjusted life year; WTP, willingness-to-pay.
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reason might be because the high number of FN was an 
important part of treatment failure. Based on the largest 
meta-analysis study of Liu, the mean of FN for CT, MRI, 
and PET/CT was 43%, 46%, and 34%, respectively.24 This 
implied that about one-third to half of all patients did not 
have a benefit from these diagnostic tests, leading to lower 
effectiveness.

When all parameters were varied together, NoIx gen
erated the probability to be the most effective approach 
even though WTP threshold would be increased to 10 
times the ceiling threshold in Thailand. One crucial reason 
for the powerlessness of using diagnostic tests was that 
they were unable to improve the QALYs from the conse
quence of PALND. If QALY was not considered, and cost 
per one case of PALN detected from all diagnostic tests 
was calculated. The high costs and high ICERs of all 
investigations were found because the moderate sensitivity 
for detection of PALN was still the obvious problem.

There were some limitations in this study that need to 
be addressed. Firstly, since 1999, CCRT has been 
accepted to be standard treatment for LACC patients, 
and some diagnostic tests before treatment were offered 
for them simultaneously. Consequently, the parameter for 
NoIx apart from clinical staging in the period of modern 
treatment was hardly found. One of our retrospective 
studies about using carboplatin weekly was used for 
this condition.25 The outcome in terms of 5-year DFS 
(63%)25 was lower than the study using diagnostic test to 
exclude patients with PALN enlargement (65%).26 Thus, 
it was quite reasonable for applying in the model. 
Secondly, as a major disadvantage of clinical staging by 
pelvic examination or NoIx was that it is unable to detect 
disease at the para-aortic lymph node, and there has been 
no study investigating the sensitivity and specificity of 
clinical staging, we did not consider these parameters in 
our model. This could lead to the underestimation of the 
effectiveness of NoIx. Even though we did not consider 
the effectiveness of NoIx, our results suggested that NoIx 
was a dominant option compared to CT, MRI, and PET/ 
CT. Thirdly, as there has been no study investigating the 
sensitivity and specificity of LL for proof of the disease 
at enlarged para-aortic lymph node compared with lapar
otomy or open surgery approach, we did not include this 
parameter in our model. Future study should further 
investigate this parameter. Additionally, the probability 
of SEs from EFRT could not be obtained from original 
study.17 Due to the distinct period of time, variation of 
radiation therapy technique was apparent. The number of 

late GI and GU SEs reported from the study by Jung 
et al17 was very small and lower than that of CCRT at 
whole pelvis. This was unreasonable, thus we assumed 
the same SEs as CCRT. The technique of CCRT used in 
this study was two-dimensional radiation therapy which 
was the conventional technique from our previous 
study25 and the study by Pearcey et al.26 Therefore, the 
long-term GI and GU SEs were rather high. Modern 
radiation therapy techniques such as 3D-CRT or inten
sity-modulated radiation therapy might produce a lower 
number of these SEs, but more cost was unavoidable. 
These modern techniques should be used for effective
ness analysis in future studies. Moreover, the sample size 
of patients in each health state was limited, especially 
patients who received LL and EFRT. More cervical can
cer patients in stage IIIC2 patients, both IIIC2r and 
IIIC2p, need to be included for more valid and reliable 
results for this issue.

Conclusion
NoIx or receiving basic clinical staging was a dominant 
option (more effective and less costly) before initiating 
treatment for LACC patients when compared with three 
common diagnostic tests including CT, MRI, and PET/CT 
for PALND. However, these investigations are able to add 
more value if more effective treatments for disease at PALN 
or stage IIIC2 are available in the future prospective trials.
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