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• Cost-minimization analysis 

• Cost-benefit analysis 

• Cost-effectiveness analysis 

• Cost-utility analysis



COST-MINIMIZATION COST-BENEFIT COST-EFFECTIVENESS COST-UTILITY

• The outcome of interest 
for the experimental 
treatment or intervention 
does not differ from the 
standard treatment, 
resulting in the 
intervention with the 
least cost being the 
favoured intervention. 


• It may not be “cost-
effective” to perform an 
economic analysis of 
interventions that do not 
differ from a standard 
intervention or treatment. 


• In a cost-benefit 
analysis, both cost and 
effects are valued in 
terms of currency.


• It is very difficult to value 
a year of life saved or a 
cancer prevented.


• The output of the cost-
benefit analysis is an 
unit-less ratio with a 
higher number being 
preferred. 


• The cost (numerator) 
remains the same while 
the denominator 
contains the outcome or 
effect of interest (overall 
survival, disease-free 
survival or number of 
cancers prevented or 
detected).


• The Result is a ratio with 
the units $/life year or $/
disease-free life year.


• Threshold to separate 
cost-effective 
interventions is $50,000/
life year.


• There are some, 
however, that think this 
ratio should be higher

• The cost (numerator) 
remains the same while 
but the denominator is 
quality-adjusted survival, 
which is usually 
measured in quality-
adjusted life years 
(QALYs).


• A QALY is a discounted 
value of health care that 
adjusts survival by a 
patient preference for the 
health state a patient 
was in at the time of the 
measurement.


• Cost-utility analyses are 
helpful in trying to 
compare nonsimilar 
health interventions. 

Konski, A. (2008). Economic analysis of health care interventions. Semin Radiat Oncol, 18(3), 168-174.



INCREMENTAL COST-EFFECTIVENESS RATIO (ICER)

ICER  =
(C1 - C0)
(E1 - E0)

C1 = Cost of new intervention 
C0 = Cost of the reference intervention 
E1 = Outcome of new intervention (Benefit, Effect or Utility) 
E0 = Outcome of the reference intervention (Benefit, Effect or Utility)
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THRESHOLDS FOR ICER

• Level of costs and effects that an intervention must achieve to 
be acceptable in a given health-care system. 

• Hard vs. Soft thresholds 
• Threshold approach vs. Budget approach 
• Cost-effectiveness affordability

Weinstein M, Zeckhauser R. Critical ratios and efficient allocation. J Public Econ 1973;2:147–57.  
Torrance GW, Siegel JE, Luce BR. Framing and designing the cost-effectiveness analysis. In: Gold MR, Siegel JE, Russell LB, Weinstein MC, eds., Cost-
Effectiveness in Health and Medicine. 
Eichler, H. G., Kong, S. X., Gerth, W. C., Mavros, P., & Jönsson, B. (2004). Use of cost-effectiveness analysis in health-care resource allocation decision-
making: how are cost-effectiveness thresholds expected to emerge. Value Health, 7(5), 518-528.



THRESHOLDS FOR ICER IN CERVIX CANCER

• No consensus in US for C/E criterion threshold 
• Interventions costing less than $100,000 per QALY gained are 

typically considered economically reasonable  
• A $50,000 per QALY gained criterion is commonly cited as the 

minimum of willingness to pay

Kim, H., Rajagopalan, M. S., Beriwal, S., Huq, M. S., & Smith, K. J. (2015). Cost-effectiveness analysis of 3D image-guided brachytherapy compared with 
2D brachytherapy in the treatment of locally advanced cervical cancer. Brachytherapy, 14(1), 29-36.



SEER and retroEMBRACE

Han, K., Milosevic, M., Fyles, A., Pintilie, M., & Viswanathan, A. N. (2013). Trends in the utilization of brachytherapy in cervical cancer in 
the United States. Int J Radiat Oncol Biol Phys, 87(1), 111-119. 
Sturdza, A., Pötter, R., Fokdal, L. U., Haie-Meder, C., Tan, L. T., Mazeron, R. et al. (2016). Image guided brachytherapy in locally 
advanced cervical cancer: Improved pelvic control and survival in RetroEMBRACE, a multicenter cohort study. Radiother Oncol, 120(3), 
428-433.

Locally advanced cervix cancer

COST-EFFECTIVENESS OF INTERVENTIONS IN CERVIX CANCER

 ∆ 22%



Author Reported 
years

By stage All stages 
combined Case-mix Comment

Stage I Stage II Stage III Stage IV

Komaki et al. 
1995


Hanks et al., 
1983


Coia et al., 
1990

1973 79 % 62 % 25 % -

Patterns of care study

(Radiation Oncology 

Facilities)
1978 75 % 58 % 39 % -

I: 36%

II: 41% (IIB:28%)


III: 20%

1983 81 % 57 % 47 % -
I: 38%

II: 40%

III: 18%


Unknown: 4%

Jones et al., 
1995 1984 IA: 93%


IB: 80%
IIA: 67%

IIB: 64% 37 % 11 % 68 % 61% early


39% advan.
Patterns of care study

(American College of 

Surgeons)

Potter et al., 
2000 1993-1997 IA: 100%


IB: 61%
IIA: 75%

IIB: 69%

IIIA: 48%

IIIB: 46%

IVA: 40%

IVB: 0% 58 % 13% early


87% advan.
Single institution


3y OS

Chemoradioth
erapy, 2008 1987 - 2006 - - - - 60% (RT)


66% (RTCT) IIB/III: 72%
Meta-Analysis


15 trials

3452 women

Han et al., 
2013 1998 - 2009 - - - - 46% EBRT


58% EBRT + BT

IB2: 8%

II: 52%

III: 35%

IV: 3%

SEER review

7359 women


4yOS

Sturdza et al., 
2016 1998-2012 IA: 100%


IB: 83%
IIA: 80%

IIB: 70%

IIIA: 42%

IIIB: 42% 32 % 65% (RT no CT)


69% (RTCT)
IB: 16%

IIA: 6%


IIB-IV: 76%

RetroEMBRACE

5y OS 69% is the target 

for fully implemented 
RTCT

COST-EFFECTIVENESS OF INTERVENTIONS IN CERVIX CANCER
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 ∆ 
22%

Assuming an immediate implementation of full radiotherapy 
capacity, the impact over the next years could be a reduction of 
22% in the mortality rate



commonly cited as the minimum of willingness to pay
(WTP) (27, 29), thus we used WTP threshold of $50,000/
QALY gained as our C/E criterion.

Sensitivity analysis

We performed one-way, two-way, and probabilistic
sensitivity analyses to account for uncertainty in clinical as-
sumptions. One-way sensitivity analysis, where all param-
eters are varied individually, was examined to detect the
effect of these variations on model results. A two-way
sensitivity analysis varies two parameters simultaneously
and denotes where a particular strategy is preferred. We
performed a two-way sensitivity analysis to determine the
optimal treatment strategy when cost and survival differ-
ences between 3D and 2D treatments are varied. The prob-
abilistic sensitivity analysis using a Monte Carlo simulation
was conducted to vary all parameters simultaneously. That
is, distributions for each parameter (Table 1) were sampled
at random during 5000 trials and results reported as the per-
centage of trials in which a strategy is cost effective at a se-
ries of societal WTP (or acceptability) thresholds. Costs
were modeled using a normal distribution with a standard
deviation of 25% of the base-case value, resulting in cost
distributions varying from 50% to 150% of the base cost,
to account for the possibility of greater cost variation than
the !20% tested in one-way sensitivity analyses. For

utilities and probabilities, we used a beta distribution func-
tion for sampling (30).

Results

In the base-case analysis, the IGBT strategy costs $3003
more than 2D while gaining 0.16 QALYs, resulting in an
ICER of $18,634 per QALY gained (Table 3). We used
the cost of CT imaging in our base-case analysis. In one-
way sensitivity analyses, which varied all parameters indi-
vidually, results were sensitive to variation of 3D and 2D
treatment costs, survival rate with 3D and 2D treatments,
tumor local control with 2D treatment, and complication
probability of 2D treatment in order (Fig. 1). That is, our
model is the most sensitive to variation of 3D treatment
cost (range, ICER of $"9,750 to $43,000/QALY gained),
but the ICER remained !$50,000/QALY gained if IGBT
costs were !$25,200 (the upper value in our clinical
assumption for 3D cost range for CT planning; baseline
point estimate $21,373). If IGBT cost is less than
$18,375, IGBT would be a dominant strategy, that is, a
cost-saving more effective treatment.

A two-way sensitivity analysis using a $50,000 per
QALY gained threshold (Fig. 2) showed that IGBT is al-
ways preferred when (1) the cost difference between 3D
and 2D treatments is $5000 or lower regardless of the sur-
vival difference between 3D and 2D treatments or (2) the

Table 2
Medicare reimbursement unadjusted national rates 2013 for hospital setting

CPT Description

TC PC Total Medicare reimbursement ($)

Quantity 3D 2D

77280 Simple simulation for x-ray 5 5 N/A 754.15
77014 CT scan for therapy guide 5 0 Not reimbursable N/A
76498 MRI scan for therapy guide 5 0 1473.90 N/A
77263 MD treatment plan complex 0 1 166.58 166.58
57155 Insert uterine tandem/ovoids 5 5 8346.55 8346.55
77295 3D treatment plan 5 5 6296.05 N/A
77328 Brachytx isodose plan complex 5 5 N/A 2099.55
77332 Radiation treatment aid(s) 1 1 241.79 241.79
77786 HDR brachytx 2e12 channel 5 5 4512.66 4512.66
77336 Radiation physics consultation 1 1 189.52 189.52
77370 Special physics consultation 1 1 229.28 229.28
C1717 Brachytx, non-STR, HDR 192Ir 5 5 1391.25 1391.25

Total reimbursement 21,373.68 (CT)
22,847.58 (MRI)

17,931.32

CPT 5 Current Procedural Terminology; TC 5 technical (hospital) charge; PC 5 professional (physician) charge; 3D 5 three-dimensional; 2D 5 two-
dimensional; N/A 5 not applicable; HDR 5 high dose rate; 192Ir 5 iridium-192.

Table 3
ICER for 3D IGBT compared with 2D conventional brachytherapy

Strategy Cost ($) Incremental cost Effectiveness (QALY) Incremental effectiveness (QALY) ICER ($ per QALY gained)

2D 18,817 d 2.01 d d
3D IGBT (CT) 21,820 3003 2.17 0.16 18,634
3D IGBT (MRI) 23,293 4476 2.17 0.16 27,774

ICER 5 incremental cost-effectiveness ratio; 3D 5 three-dimensional; IGBT 5 image-guided brachytherapy; 2D 5 two-dimensional; QALY 5 quality-
adjusted life-year.

32 H. Kim et al. / Brachytherapy 14 (2015) 29e36

• Using the threshold for ICER of $50000, MRI-based brachytherapy can be 
adopted as treatment of locally advanced cervix cancer. 

• Other factors have to be analysed (time consumption…)

Cost-effectiveness analysis of 3D image-guided brachytherapy compared
with 2D brachytherapy in the treatment of locally advanced

cervical cancer
Hayeon Kim1,*, Malolan S. Rajagopalan1, Sushil Beriwal1, M. Saiful Huq1, Kenneth J. Smith2

1Department of Radiation Oncology, University of Pittsburgh Cancer Institute, Pittsburgh, PA
2Department of Medicine, University of Pittsburgh School of Medicine, Pittsburgh, PA

ABSTRACT PURPOSE: Three-dimensional image-guided brachytherapy (IGBT) is a significant advance in
locally advanced cervical cancer treatment. However, its cost-effectiveness (C/E) is unknown.
We performed a C/E analysis of IGBT compared with conventional (two-dimensional [2D]) brachy-
therapy in the treatment of locally advanced cervical cancer.
METHODS AND MATERIALS: A Markov model was constructed to model locally advanced
cervical cancer treated with five fractions of high-dose-rate brachytherapy. The model captured
clinical parameters, quality of life utility, and treatment costs through the literature review. Costs
were 2013 Medicare reimbursement. Strategies were compared using the incremental cost-
effectiveness ratio (ICER), and effectiveness was measured in quality-adjusted life-years (QALYs).
To account for uncertainty, one-way, two-way, and probabilistic sensitivity analyses were per-
formed. Strategies were evaluated from a payer’s perspective with a willingness-to-pay threshold
of $50,000/QALY gained.
RESULTS: Treatment costs for five fractions of IGBT and 2D brachytherapy were $21,374 and
$17,931, respectively. In the base-case analysis, the IGBT strategy costs $3003 more than 2D
brachytherapy while gaining 0.16 QALYs, resulting in an ICER of $18,634 per QALY gained.
In one-way sensitivity analyses, results were most sensitive to variation of treatment costs, but
the ICER remained!$50,000/QALY gained for all cost ranges. Variation of survival, local control,
and complication rates was less influential. A probabilistic sensitivity analysis demonstrated that
IGBT was favored in 63% of model iterations at a $50,000/QALY gained threshold.
CONCLUSION: IGBT for locally advanced cervical cancer is a C/E option compared with 2D
brachytherapy. These findings were robust to variation of parameter values supporting the routine
use of IGBT in locally advanced cervical cancer. ! 2015 American Brachytherapy Society. Pub-
lished by Elsevier Inc. All rights reserved.

Keywords: Cost-effectiveness; Brachytherapy; IGBT; Cervical cancer

Introduction

Intracavitary brachytherapy is an integral component in
the definitive management of locally advanced cervical
cancer (1e3). High-dose-rate (HDR) brachytherapy has

been increasingly adopted in place of low-dose-rate brachy-
therapy because it can be delivered as an outpatient treat-
ment, results in decreased radiation exposure to
personnel, and allows for the reproducible positioning of
applicators with the opportunity for optimization of the
treatment plan (4, 5). Until the early 2000s, HDR brachy-
therapy plans for cervical cancer were generated by two-
dimensional (2D) orthogonal x-ray films (2D conventional
brachytherapy) (6).

The advent of three-dimensional (3D) image-guided
brachytherapy (IGBT) is a major step forward for the field.
IGBT enables clinicians to accurately define the target
at risk and surrounding crucial structures. With this volu-
metric information, brachytherapy plans can be optimized
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INCREMENTAL COST-EFFECTIVENESS RATIO (ICER)

ICER  =
(C1 - C0)
(E1 - E0)

EBRT only EBRT + 3DBT

Cost 1606$ 2316$

Outcome (Effect) 42 % 69 %

ICER  =
2316 - 1606

69-42

ICER  = 26$ per each 1% increment in effect

BRACHYTHERAPY IN LOWER-MIDDLE INCOME COUNTRIES



CONCLUSIONS


