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Abstract

Introduction: In recent years, health care expenditures have significantly
risen across the world and in Turkey. Because of the limited resources allo-
cated to health, it is very important for countries to conduct studies especially
on cost of diseases such as colorectal cancer (CRC) with a high burden of
disease and labor loss. The aim of this study was to calculate the cost of
treatment for colon and rectal cancers based on two different cost approaches
from the perspective of SSI (top-down and bottom-up) and to compare the
results obtained. Materials and Methods: Data were obtained from the SSI
MEDULA System a total of 62,970 colon and rectal cancer patient for the
top-down cost approach. In the bottom-up cost approach, treatment costs
were determined based on the expert opinions. Results: The average cost of
treatment per patient for colon cancer was determined as 3055.5 TL, for rectal
cancer was determined as 4146.2 TL with the top-down cost approach. The
average cost of treatment per patient for colon cancer was determined as
14,920.4 TL, for rectal cancer was determined as 17,904.6 TL according to the
bottom-up cost approach. Conclusion: Since the bottom-up cost approach
provides more detailed information on the cost of illness, and thereby on the
use of resources allocated to health, it is thought that the combined use of

these two cost approaches completes each other’s weaknesses.
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1. Introduction

In recent years, health care expenditures have significantly risen across the world
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and in Turkey. Because of the limited resources allocated to health, it is very
important for countries to conduct studies especially on cost of diseases such as
colorectal cancer (CRC) with a high burden of disease and labor loss [1] [2] [3].

CRC is the third most common cancer type arising in any of the colon and
rectum organs with over 1 million new cases annually. It is expected that the
number of CRC cases will increase with aging population. Given the can-
cer-related deaths, it has been determined that about 600,000 people lose their
lives every year due to CRC [1] [4] [5] [6]. In Turkey, as of the 2010 data, the in-
cidence of CRC is 20.7 per 100 thousand in males and 13.1 per 100 thousand in
females, and it has been found to be the third most common type of cancer in
females, and the fourth most common type of cancer in males. According to the
2014 data of the Brief Report for Cancer Prevention and Screening in Turkey, 25
thousand men and women developled CRC within a year [7].

In general, there is a need for cost-of-illness studies to reveal the economic
burden of diseases on the societal scale, thus enabling policy-makers and deci-
sion-makers to make future projections related to health expenditures and to
take rational decisions on allocation of resources. As with other economic
analyses, cost-of-illness studies are very challenging studies, and three types of
costs are calculated in these studies: direct, indirect and intangible costs. Direct
costs include healthcare costs for diagnosis, treatment and rehabilitation, and
non-healthcare costs accrues as a result of conditions such as access to health
services, household expenditure on health care, individuals changing their
house, car or work due to a disease. Indirect costs refer to the productivity losses
arising due to a disease. Costs caused by reasons such as work-day loss, decrease
in productivity, change in individual’s health condition, and decrease in the
quality of life are calculated within indirect costs. Intangible costs refer to pain,
anxiety, stress or other emotional problems caused by a disease and endured by
the patient and their relatives, and the costs obtained here are generally pre-
sented as quality of life measures. The cost methodology to be selected for the
calculation of costs substantially depends on the availability and accessibility of
data, which varies considerably from one country to another [1] [8]-[22].

Many different approaches are used in cost-of-illness studies, and these ap-
proaches are categorized into three groups as the prevalence- and incidence-based
approach, the top-down and bottom-up approach, and the retrospective and
prospective approach. The prevalence-based approach involves the calculation of
direct costs and productivity losses of all cases in the period of study of a disease
or a group of diseases. Whereas, in the incidence-based approach, the lifetime
costs of the disease-related conditions arisen in new cases within the determined
study period are calculated. The main difference between these two methods is
that the results obtained with the prevalence-based approach are generally
greater than the results obtained from the incidence-based approach. This dif-
ference is usually due to the fact that the disease varies depending on whether or

not it causes long-term sequelae. If the disease studied is not a disease causing
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long-term sequelae, there are no major differences between the costs calculated
by these two approaches. The retrospective and prospective cost approaches are
the approaches based on the temporal relationship between the onset of the
study and the data collection. In the retrospective cost approach, all cases related
to the study have shown up when the study started. This means that the data to
be collected within the scope of the study are already registered data. Contrary to
this, in the prospective cost approach, all cases related to the study have not yet
come out when the study started, and it is necessary to follow up patients in-
cluded in the study during the data collection phase [10] [11] [13] [21] [23]. The
top-down and bottom-up cost-of-illness approaches, a third approach related to
cost-of-illness approaches, stand out as commonly used methods in cost-of-illness
studies which calculate the direct costs. The top-down cost method uses total
health expenditures and disease-specific rates to demonstrate disease-specific
costs. Costs are calculated by multiplying the total health expenditures by the
utilization rate of health services by the disease group. Cost-of-disease studies
using the top-down cost approach are more successful in demonstrating the
problems in resource allocation. The bottom-up cost approach is based on the
unit costs of the service provided. The cost calculation based on this method is
performed in 2 steps. In the first step, the amount of health care inputs is deter-
mined, while the costs of the inputs used are determined in the second step, and
the costs are calculated by multiplying the amount of health care inputs by the
unit costs. In other words, the average cost of the provided service is calculated,
and this calculated cost is adjusted to the total population receiving health care
services so the total cost of health care service is found. The data on all resource
consumption regarding the disease are obtained from the national health system
in the top-down cost-of-illness studies, while the data are usually collected by
using questionnaires or expert panel methods in the bottom up cost-of-illness
studies [11] [13] [23] [24].

In the literature, there were 2 studies using the top-down and bottom-up cost
approaches together. One of these is a study by Van Asselt et al (2002) con-
ducted in the Netherlands to determine the cost of Borderline Personality Dis-
order (BPD). One-year data of patients diagnosed with BPD was derived from
the National Health Records of the Netherlands for the top-down cost approach.
Whereas, a questionnaire was applied to 88 BPD patients for the bottom-up cost
approach. There were significant differences between the BPD costs obtained by
the top-down and bottom-up cost approaches. The total yearly cost of BPD
treatment was calculated as 200,184,828€ with the top-down cost approach,
while the bottom-up cost approach was found to be 16 times higher than the
top-down cost approach, and the total yearly cost of BPD treatment was calcu-
lated as 3,258,240,100€. This different result was explained by loss to follow-up
patients. Accordingly, the amount of health service use determined by the bot-
tom-up cost approach reflects the situation that BPD patients must comply with,

while the amount of service obtained by the top-down cost approach reflects the
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real situation. It was demonstrated that patients who had BPD and did not ad-
here to the treatment and control processes had a significant effect on the costs
calculated through the actual data. In the study by Koopmanschap et al (2011)
aimed to determine the cost of type 2 diabetes in the Netherlands using the
top-down and bottom-up cost approaches, the national health records and re-
ports were analyzed for the top-down cost approach, while the health records of
1.371 patients with type 2 diabetes were analyzed for the bottom-up cost ap-
proach. The cost of type 2 diabetes was calculated as 519 million euros using the
top-down cost approach and as 567 million euros using the bottom-up cost ap-
proach, resulting in a 10% cost difference. In this study, it has been demon-
strated that both methods are complementary to each other, and that the com-
bined use of these approaches completes the weaknesses of the methods [25]
[26].

Cost-of-illness studies using the top-down cost approach demonstrate the ac-
tual costs of a disease rather than an estimation. However, because of the fact
that real patient data is required for these studies and the access to these data is
often difficult and also, the data obtained does not contain detailed information
on the use of health services, researchers tend towards the use of bottom-up cost
approach in cost-of-illness studies. On the other hand, the bottom-up cost ap-
proach provides more detailed information on the cost of a disease, and thereby,
on the use of resources allocated to health. With this cost approach, it is possible
to obtain data based on the severity or stage of a specific disease. It is especially
used as an important tool in determining the costs of diseases that are rare in the
population or complex. In the studies using the bottom-up cost approach, in-
stead of the actual disease data obtained from national health systems, a ques-
tionnaire is usually applied to the patients who are diagnosed with the relevant
disease and specialist opinions are utulized, and thus the amount of health ser-
vices use, which should be related to that disease, is demonstrated. Therefore, it
is especially recommended that the bottom-up cost approach be used to effi-
ciently plan the resources allocated to health services for the future. The national
health data generally used in the top-down cost approach demonstrates the use
of health services today, but remains incapable of making plan for the future.
The reason for this is the behavioral differences of individuals in the case of ill-
ness and on the rational use of health services. Patients who were diagnosed with
any disease but do not adhere to the treatment plan determined by the physician
regarding this disease and do not have regular follow-ups are considered as “lost
to follow-up” patients in the data obtained from the national health system, and
these lost to follow-up patients cause the cost disease not to precisely reflect the
reality. In the light of all these data, the cost of colon and rectal cancer was cal-
culated using the top-down and bottom-up cost approaches together in this
study, the costs obtained by these two approaches were compared. As a result of
this comparison, the differences and similarities arisen in two different cost ap-

proaches were demonstrated and inferences were made to guide the future
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cost-of-ilness studies.

2. Materials and Methods

In order to determine treatment costs of colon and rectal cancer patients from
SSI’s perspective using the top down cost approach, we have used the MEDULA
System. MEDULA Sytem was created by SSI in Turkey in order to collect invoice
information electronically from health service providers and enable payment of
services. Data from the MEDULA system were obtained in accordance with the
ICD-10 code of the C18-Malignant Neoplasm of Colon and C20-Malignant
Neoplasm of Rectum in excel file format 7 seperate folder. Data files were ex-
tracted into separate MS Access files to create a database, modifications neces-
sary for analysis were made by using MS Access and MS SQL program later on,
after which data were transferred to SPSS. Following such modifications, patient
numbers from all files were matched with 62,970 patient data from the initial
diagnosis file in order to extract data.

Based on data obtained from MEDULA system, we were able to gather in-
formation on age, sex, outpatient/inpatient admission numbers, the proce-
dure/operation/treatment for outpatient/inpatient, laboratory and radiology tests
conducted for outpatient/inpatient, services provided to inpatients at intensive
care, drugs used in and prescribed by the hospital, comorbidity diseases, and
length of stay.

In Turkey, the principles of payments made by the SSI for all services offered
in health institutions are regulated by Health Application Notification (SUT).
SUT is a legislative announcement which provides guidance, guiding, pricing,
and other implementation details of the state’s health-related social policies.
SUT procedure scores of surgeries, laboratory and radiology examinations,
clinical and intensive care administrations used in calculating medical costs have
been calculated using SUT 2014 APP 2B-List of Procedure Scores per Service
and APP 2C-List of Procedure Scores based on Diagnosis, with unit prices cal-
culated from SSI’s perspective. The list of drugs used was determined using the
RX Media Program based on prices paid by the public in 2014 and demeaned to
units used in the hospital for calculations. At the same time, prices of drugs pre-
scribed were determined by using the RX Media Program based on prices paid
by the public in 2014, which was multiplied by the amount of drugs prescribed
to determine the total drug costs.

In the data obtained from the MEDULA system, the complications, metastasis
and comorbidity data of the patients were not clearly defined. For this reason,
complications and distant-near metastases that may occur during treatment are
determined as follows according to expert opinions and information obtained
from literature.

Complications:

e Bacterial intestinal infections

e Acute myocardial infaction
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e Pulmonary embolism
e Arterial embolism and thrombosis
e Bacterial and viral pneumonia
o Abscess of lung and mediastinum
e Noninfective gastroenteritis and colitis
e Ileus
e Haemorrhage of aniis and rectum
¢ Gastrointestinal haemorrhage
e Osteomyelitis
o Urinary tract infections
e Faecal incontinence
e Complications of surgery and medical care
Metastasis:
e Malignant neoplasm of liver and intrahepatic bile ducts
e Malignant neoplasm of bronchus and lung
¢ Malignant neogplasm of retroperitoneum and peritoneum
e Malignant neoplasm of brain
e Secondary malignant neoplasm of respiratory and digestive organs
e Secondary malignant neoplasm of other and unspecified sites

At the same time, patients with comorbidity were classified according to
Charlson’s Comorbidity Index (CCI) and treatment costs of colon and rectal
cancer were calculated based on whether comorbidity is present. CCI has a score
for each comorbidity and the scores of comorbidities in this study are as below:

e Diabetes Mellitus = 1 point

e Primary Hypertension = 1 point

e Hypertensive Heart Disease =1 point

e Chronic Heart and Kidney Disease = 2 point
e Chronic Ischemic Heart Disease = 1 point

e Chronic Obstructive Lung Disease = 1 point
e Asthma =1 point

In addition, metastatic diseases receive 6 points in this index. Based on the
classification made according to total scores of patients, the intensity of comor-
bidities are mild for patients who scored 1 - 2, medium for patients who scored 3
- 4, and severe for patients who scored 5 and above; colon and rectal cancer
medical costs were calculated using this classification.

In the bottom-up cost approach, in order to determine the treatment costs of
colon and rectal cancers, a one-year treatment plan was developed and then the
costs of treatment plans were calculated based on SUT. The treatment plan was
developed in accordance with the information obtained from the literature and
expert opinions. The one-year treatment plan was completed by 5 medical on-
cologists and 6 general surgery specialists, and surgical/medical treatment op-
tions and frequencies of colon and rectal cancer patients were determined ac-

cording to expert opinions.
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The general surgeons’ treatment plans included the following information:
e Percentage of patients diagnosed with colon and rectal cancer
¢ Distribution of patients according to disease stages (Stage I, II, IIl and IV)
e Hospitalization (Clinic and intensive care hospitalization and length of stay)
e Distribution of surgical operations according to colon and rectal cancer
e Post-surgical complications and frequencies
o DPercentage of patient with metastasis

Medical oncologists’ treatment plans included the following information ac-

cording to disease stages:

e TFrequencies of outpatient admissions

¢ Chemotherapy and radiotherapy treatments

e Hospitalization (Clinic and intensive care hospitalization and length of stay)

e Medical interventions during the hospitalization

¢ Examinations during the hospitalization (Laboratory, radiology, endoscopik,
etc.)

e Medications

The forms filled by experts were entered into Microsoft Excel program and
average values were obtained for each of the surgical and medical procedures
performed for colon and rectum patients.

The data obtained with expert opinions were transferred to MS Excel program
and mean values were obtained for each of the surgical and medical procedures
performed for colon and rectal cancer patients. Then, the mean values were
multiplied with SUT procedure scores and treatment costs of colon and rectal
cancer patients were calculated.

In this study, treatment costs of colon and rectal cancer were displayed ac-
cording to outpatient clinic, laboratory-radiology-patology, service and intensive
care hospitalization, drugs and medical equipments, surgical intervention and
complications.

We were not able to calculate teratment costs of colon and rectal cancer based
on stages according to the top-down cost approach due to the fact that the data
did not include disease stages. We were able to determine stage IV colon and
rectal cancer patients in accordance with The Tumor- Node-Metastasis (TNM)
classification only; we have compared medical costs of stage I-II-III patients and
that of stage IV patients.

As the data obtained from the SSI MEDULA system did not include the first
diagnosis dates of the patients, it could not be determined whether the patients
included in the study were the newly diagnosed/active treatment patient or the
follow-up patient (remission). On the other hand, in the bottom-up cost ap-
proach, it was determined that the experts did not take into account the fol-
low-up patients. They accepted all patients as newly diagnosed/active treatment
patients. However, it is known that medical costs of newly diagnosed/active
teartment and follow-up patients differ significantly. In order to eliminate this

difference between the two methods, expert opinions were used to determine
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newly diagnosed/active treatment patients and follow-up patients. According to
expert opinions, patients who underwent colon and rectal cancer surgery in 2014
were identified as newly diagnosed patients and metastatic patients which de-
termined according to TNM classification were accepted as active treatment pa-
tients. Colon and rectal cancer treatment costs were also determined based on
data of these patients. Sensitivity analysis was performed by using Monte Carlo

simulation method for the findings obtained from bottom-up cost approach.

3. Results

Of the 62,970 patients included in the study, 51,030 had colon cancer (81.0%)
and 11,940 had rectal cancer (19.0%). The mean age of the patients with colon
cancer was 61.2 years (+13.8) and the mean age of the patients with rectal cancer
was 61.7 years (+13.2). Fifty-three percent of the colon cancer patients were
male, while 56% of the rectal cancer patients were male. It was found that 49.2%
of the colon cancer patients and 44.7% of the rectal cancer patients had comor-
bidities and the rate of primary hypertension was the highest among the comor-
bidities with 42.2% (Figure 1). According to the Charlson Comorbidity Index
classification, it was demonstrated that of the colon cancer patients, 32.9% had
mild, 6.4% had moderate and 17.1% had severe comorbidities, whereas, of the
rectal cancer patients, 32.7% had mild, 5.3% had moderate and 12.4% had severe
comorbidities (Table 1). Given the medical or surgical treatment-related com-
plication development, it was found that 38% of colon cancer patients and 40.2%
of rectal cancer patients developed complications, and the rate of urinary tract
infections was the highest with 32.6% (Figure 2). It was found that 16.9% of co-
lon cancer patients and 12.2% of rectal cancer patients developed metastasis, and
that malignant neoplasm of unspecified site showed up in 32% of the patients
who developed metastasis (Figure 3).

In this study, the annual treatment costs for colon and rectal cancer patients
were calculated by taking the outpatient admissions, admissions to the ward and
intensive care unit, laboratory, imaging and pathological examinations carried
out during admissions, drugs and materials used on and prescribed to patients,

surgical interventions performed and costs of developed complications into

0.8
8.8 92

42.2 mEssential hypertension

m Diabetes mellitus
® Chronic ischaemic heart disease
m COPD

21.7

Figure 1. Distribution of Colon and Rectal Cancer Patients by Comorbidities, 2014, Tur-
key.
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Table 1. Summary statistics for colon and rectal cancer patients, 2014, Turkey.

Colon Cancer

Rectal Cancer

n % n %
Age groups
18 - 39 3780 7.4 728 6.1
40 - 64 25,304 49.6 6058 50.7
65+ 21,946 43.0 5154 43.2
Sex
Male 27,019 53.0 6682 56.0
Female 24,011 47.0 5258 44.0
Charlson Index
Charlson score of zero 22,208 435 5929 49.7
Charlson score of 1 - 2 16,807 32.9 3902 32.7
Charlson score of 3 - 4 3270 6.4 629 5.3
Charlson score of 5+ 8745 17.1 1480 12.4
Total 51,030 100.0 11,940 100.0

m Urinary tract infections

® Noninfective enteritis and colitis
u [leus

m Bacterial and viral pneumonia

B Gastrointestinal hemorrhage

H Venous embolism and thrombosis
® Bacterial intestial infections

B Myocardial infarction

= Haemorrhage of anus and rectum
= Pulmonary embolism

® Other complications of surgical and

medical care .
i Arterial embolism and thrombosis

Figure 2. Distribution of Colon and Rectal Cancer Patients by Complications, 2014, Turkey.

41 3.3

m Secondary malignant neoplasm of
other and unspecified sites

® Malignant neoplasm of bronchus
and lung

u Secondary malignant neoplasm of
respiratory and digestive organs

® Malignant neoplasm of liver and
intrahepatic bile ducts

u Secondary malignant neoplasm of
other specified sites

= Malignant neoplasm of
retroperitoneum and peritoneum

= Malignant neoplasm of brain

Figure 3. Distribution of Colon and Rectal Cancer Patients by Metastasis, 2014, Turkey.
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account, since colon and rectal cancers are diseases in which polyclinic, clinical,
intensive care and various laboratory services, as well as chemotherapy and
various pharmacological agents and medical materials are used in the diagnosis
and treatment stages, and the cost of complications encountered is also included.

As is seen in Table 2, the average cost of treatment per patient for colon can-
cer patients calculated using the top-down approach was determined as $1393.7.
Cosidering the distribution of the cost items, the highest average cost was for
surgical intervention with $2305.1, accounting for 31.9% of the total cost. The
average cost of treatment per patient for rectal cancer patients calculated using
the top-down approach was determined as $1891.2. The highest average treat-
ment cost was for surgical intervention with $2430.9, accounting for 30.1% of
the total cost.

In Table 3, the average cost of treatment per patient for colon cancer was de-
termined as $6805.8 according to the bottom-up cost approach. The average
annual outpatient clinic cost was $366.1, laboratory and imaging cost was
$1645.9, cost of admission to ward and intensive care unit was $698.3, drug and
material cost was $2307.0, surgical intervention cost was $1375.6 and complica-
tion cost was $412.9. In Table 3, the average cost of treatment per patient calcu-
lated using the bottom-up approach was determined as $8167.0 considering the
staging rates in rectal cancer. The average annual outpatient clinic cost was

$366.1, laboratory and imaging cost was $1798.2, cost of admission toward and

Table 2. Distribution of colon and rectal cancer treatment cost with top-down cost ap-
proach, 2014, Turkey.

n Total ($) Per patient ($) %
Colon Cancer
Outpatient 45,480 864,035.4 19.0 1.2
Laboratory-Radiology-Pathology 50,267 10,767,544.1 214.2 15.1
Inpatient 15,127 22,346,800.3 1477.3 31.4
Drugs and medical equipments 39,879 11,505,503.3 288.5 16.2
Surgical intervention 9852 22,709,429.4 2305.1 31.9
Complications 19,380 2,928,057.5 151.1 4.1
Total 51,030 71,121,370.0 1393.7 100.0
Rectal Cancer
Outpatient 10,675 253,450.0 23.7 1.1
Laboratory-Radiology-Pathology 11,820 3,199,533.0 270.7 14.2
Inpatient 5239 8,551,143.1 1632.2 37.9
Drugs and medical equipments 9813 2,935,206.9 299.1 13.0
Surgical intervention 2792 6,787,133.9 2430.9 30.1
Complications 4794 854,808.0 178.3 3.8
Total 11,940 22,581,274.9 1891.2 100.0
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Table 3. Distribution of colon and rectal cancer treatment cost with bottom-up cost ap-
proach, 2014, Turkey.

Per patient ($) % W:ifi}::i $1;er %
Colon Cancer
Outpatient 1282.7 4.7 366.1 5.4
Laboratory-Radiology-Pathology 6918.2 25.5 1645.9 24.2
Inpatient 2774.7 10.2 698.3 10.3
Drugs and medical equipments 8973.0 33.1 2307.0 33.9
Surgical intervention 5506.2 20.3 1375.6 20.2
Complications 1634.7 6.0 412.9 6.1
Total 27,089.5 100.0 6805.8 100.0
Rectal Cancer
Outpatient 1282.7 4.2 366.1 4.5
Laboratory-Radiology-Pathology 7525.8 24.8 1798.2 22.0
Inpatient 2487.7 8.2 633.3 7.8
Drugs and medical equipments 9598.6 31.6 3004.3 36.8
Surgical intervention 7823.2 25.8 1955.2 23.9
Complications 1639.0 5.4 409.7 5.0
Total 30,357.0 100.0 8167.0 100.0

intensive care unit was $633.3, drug and material cost was $3004.3, surgical in-
tervention cost was $1955.2 and complication cost was $409.7.

When the average cost of treatment per patient for metastatic and non-metastatic
colon and rectal cancer patients taken from the MEDULA system was calculated
according to the top-down cost approach, as is seen in Table 4, it was found that
the treatment costs of metastatic colon and rectal cancer patients were higher
than that of non-metastatic colon and rectal cancer patients. The average cost of
treatment per patient for metastatic colon cancer patients was calculated as
$2350.8, while the average cost of treatment per patient for non-metastatic pa-
tients was calculated as $1199.4. The average cost of treatment per patient for
metastatic rectal cancer patients was calculated as $3018.8, while the average cost
of treatment per patient for non-metastatic patients was calculated as $1734.3.

When the average cost of treatment per patient calculated using the bot-
tom-up cost approach for patients with metastatic and non-metastatic colon and
rectal cancer was analyzed, it was found that the treatment costs of patients with
metastatic colon and rectal cancer were higher than that of patients with
non-metastatic colon and rectal cancer. As is seen in Table 5, the average cost of
treatment per patient for metastatic colon cancer patients was calculated as
$13,578.9 and the average cost of treatment per patient for non-metastatic pa-
tients was calculated $5112.4. The average cost of treatment per patient for me-

tastatic rectal cancer patients was calculated as $11,667.7, while the average cost
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Table 4. Distribution of Metastatic (Stage IV) and Nonmetastatic (Stage I-I1I-II) Colon
and Rectal Cancer Treatment Cost with Top-Down Cost Approach, 2014, Turkey.

Metastatic Nonmetastatic
Per Per
patierelt (%) % n patierelt €)) %
Colon Cancer
Outpatient 8031 22.9 1.0 37,449 18.2 1.5
Laboratory-Radiology-Pathology 8512 336.7 14.3 41,755 189.2 15.8
Inpatient 3172 1967.3 83.7 11,955 1347.2 112.3
Drugs and medical equipments 8508 411.7 17.5 31,371 255.1 21.3
Surgical intervention 783 2403.8 102.3 9069 2296.5 191.5
Complications 4137 179.0 7.6 15,243 143.5 12.0
Total 8614 2350.8 100.0 42,416 1199.4 100.0
Rectal Cancer
Outpatient 961 31.2 1.0 9714 23.0 1.3
Laboratory-Radiology-Pathology 1452 599.0 19.8 10,368 224.7 13.0
Inpatient 852 2429.8 80.5 4387 1477.3 85.2
Drugs and medical equipments 1438 457.8 15.2 8375 271.9 15.7
Surgical intervention 381 2625.7 87.0 2411 2400.2 138.4
Complications 752 183.5 6.1 4042 177.3 10.2
Total 1459 3018.8 100.0 10,481 1734.3 100.0

Table 5. Distribution of Metastatic (Stage IV) and Nonmetastatic (Stage I-II-II) Colon
and Rectal Cancer Treatment Cost with Bottom-Up Cost Approach, 2014, Turkey.

Metastatic Nonmetastatic
Per patient ($) % Per patient ($) %
Colon Cancer
Outpatient 445.3 3.3 346.3 6.8
Laboratory-Radiology-Pathology 4647.7 34.2 895.4 17.5
Inpatient 1009.4 7.4 620.5 12.1
Drugs and medical equipments 5582.2 41.1 1488.2 29.1
Surgical intervention 1470.2 10.8 1351.9 26.4
Complications 424.2 3.1 410.1 8.0
Total 13,578.9 100.0 5112.4 100.0
Rectal Cancer
Outpatient 445.3 3.8 346.3 4.7
Laboratory-Radiology-Pathology 4908.9 42.1 1020.5 14.0
Inpatient 797.0 6.8 592.5 8.1
Drugs and medical equipments 3061.8 26.2 2990.0 41.0
Surgical intervention 2045.0 17.5 1932.7 26.5
Complications 409.7 3.5 409.7 5.6
Total 11,667.7 100.0 7291.8 100.0
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of treatment per patient for non-metastatic patients was calculated as $7291.8.

In line with the inclusion criteria, it was determined that of the 18,931 patients
who were found to be active patients, 14,870 were colon and 4061 were rectal
cancer patients, so the costs were recalculated. The average cost of treatment per
patient for colon cancer patients was calculated as $3885.8, while the average
cost of treatment per patient for rectal cancer patients was calculated as $4644.6

(Table 6).

4. Results of Sensitivity Analysis

A sensitivity analysis was carried out for the distribution and accuracy of the
results obtained, and as a result of the sensitivity analysis, it was found that the
95% confidence interval value for colon cancer treatment cost was between
$2920.7 - $3017.8 (n = 1000, X = $2971.3) for stage I, between $4222.5 - $4348.4 (n
= 1000, X = $4285.4) for stage II, between $5241.0 - $6942.4 (n = 1000, X =
$6091.7) for stage III, and between $13,243.0 - $13,633.5 (n = 1000, X = $13,438.3)
for stage IV. Thus, the result of the sensitivity analysis confirmed the model
created and the analysis results obtained (Table 7).

As a result of the sensitivity analysis, it was found that the 95% confidence in-
terval value for rectal cancer treatment cost was between $3498.1 - $3587.5 (n =
1000, X = $3542.8) for stage I, between $5135.2 - $5373.3 for stage II (n = 1000,
X = $5254.3), between $9296.5 - $9485.8 (n = 1000, X = $9391.4) for stage III,

Table 6. Distribution of colon and rectal treatment cost with top-down cost approach
according to newly diagnosed/active treatment or follow-up patients, 2014, Turkey.

n Total (TL) Per Patient (TL) %
Colon Cancer
Outpatient 13,093 358,680.3 27.4 0.6
Laboratory-Radiology-Pathology 14,576 16,920,727.0 1160.9 29.3
Inpatient 8019 11,252.560.7 1403.2 19.5
Drugs and medical equipments 11,285 5,218,504.1 462.4 9.0
Surgical intervention 9852 22,709,429.4 2305.0 39.3
Complications 7360 1,322,232.3 179.7 2.3
Total 14,870 57,782,133.9 3885.8 100.0
Rectal Cancer
Outpatient 3567 146,626.4 41.1 0.8
Laboratory-Radiology-Pathology 3897 5,328,066.0 1367.2 28.2
Inpatient 3054 4,413,664.1 1445.2 234
Drugs and medical equipments 3329 1,763,532.6 529.8 9.3
Surgical intervention 2792 6,787,133.9 2430.9 36.0
Complications 2195 422,618.7 192.5 2.2
Total 4061 18,861,641.7 4644.6 100.0
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Table 7. Monte Carlo simulation results for total treatment cost of colon cancer patients.

Evrel Evre II Evre III Evre IV

n = 1000 n = 1000 n = 1000 n = 1000

Mean 2971.3 4285.4 6091.7 13,438.3

Median 2688.0 3865.3 5451.8 13,645.8
Sd 748.5 1015.4 1565.0 3149.2

%95 Confidence
Int 1 2920.7 - 3017.8 4222.5 - 4348.4 5241.0 - 6942.4 13,243.0 - 13,633.5
nterva

Table 8. Monte Carlo simulation results for total treatment cost of rectal cancer patients.

Evrel Evre II Evre III Evre IV

n = 1000 n = 1000 n = 1000 n = 1000

Mean 3542.8 5254.3 9391.4 11,445.9
Median 3291.5 3906.4 9579.3 11,615.1
Sd 72.1 192.0 1524.0 3578.9

%95 Confidence

3498.1 - 3587.5 5135.2 - 5373.3 9296.5 - 9485.8  11,224.2 - 11,635.2
Interval

and between $11,224.2 - $11,635.2 (n = 1000, X = $11,445.9) for stage IV. Thus,
the result of the sensitivity analysis confirmed the model created and the analysis
results obtained (Table 8).

5. Conclusions

It was found that the incidence of CRC in Turkey from the year 2010 was 20.7
per 100 thousand in males and 13.1 per 100 thousand in females, in other words,
it is the fourth most common type of cancer in males and the third most com-
mon type of cancer in females. These health problems, which are very important
in terms of disease burden, are also thought to have a significant share in terms
of the health resources they use; however, it is known that there is no study on
the average treatment costs and cost components of both cancers. The aim of
this study was to calculate the cost of treatment for colon and rectal cancers
based on two different cost approaches from the perspective of SSI (top-down
and bottom-up) and to compare the results obtained.

It was found that the average cost of treatment per patient for colon cancer
patients calculated using the top-down cost approach was $1393.7, while the av-
erage cost of treatment per patient calculated using the bottom-up cost approach
was $6805.8. It was found that the average cost of treatment per patient for rectal
cancer patients calculated using the top-down cost approach was $1891.2, while
the average cost of treatment per patient calculated using the bottom-up cost
approach was $8167.0. According to these results, the cost of colon cancer
treatment calculated using the bottom-up cost approach is 4.8 times higher than
the cost of colon cancer treatment calculated using the top-down cost ap-

proach. In terms of the cost of rectal cancer treatment, the cost of treatment
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per patient calculated based on the bottom-up cost approach was 4.3 times
higher than the cost of treatment per patient calculated using the top-down
approach. One of the reasons for the difference between the costs of treatment
per patient calculated based on two cost approaches may be due to the phi-
losophy of the mentioned approaches. In the bottom-up cost approach, the cost of
the services/resources that need to be used by the patients within a year based on
specialist opinions and their unit costs were taken into consideration (Ze., the
cost is calculated through what should be calculated), whereas in the top-down
cost approach, the cost was calculated using the actual patient data taken from
the MEDULA system. Therefore, since patients who were diagnosed with colon
and rectal cancer but do not adhere to the treatment plan recommended by the
physician and do not have regular follow-ups will not be seen in the MEDULA
system, the treatment costs may be higher in the top-down cost approach. An-
other reason for the cost difference between the two methods is that since stage I
colon and rectal cancer patients do not use any drug, are not treated and the
majority of them are followed by family physicians, the services provided to
these patients by family physicians are not included in the MEDULA system,
and thus, the treatment cost may be lower in the top-down cost approach. An-
other reason for the cost difference is thought to be caused by drugs used in the
treatment of colon and rectal cancer. It is known that chemotherapy drugs used
in both cancers are costly and chemotherapy drugs that could be prescribed in
2014 were limited. As a result of the interviews conducted with the specialists, it
was learnt that numerous drugs have been used other than the drugs that could
be prescribed and these drugs are brought by means of Turkey Pharmacists” As-
sociation (TPA) and included in repayment cover; however, since the informa-
tion on drugs brought by means of TPA is not entered the MEDULA system, it
is thought that the treatment cost calculated based on the top-down cost ap-
proach may be lower. Moreover, it is thought that the conditions of the hospitals
where physicians work also affected the treatment costs of colon and rectal can-
cer calculated using the bottom-up cost approach. In the data obtained from the
specialist opinions, it was noted that some physicians stated that there was a
shortage of hospital beds in the hospital where they work, and therefore, some of
the inpatient services had to be provided outpatiently or the exact opposite con-
ditions occurred. In the results obtained from the specialist opinions for the
bottom-up cost approach, another point is that all patients are considered as ac-
tive patients and the patients in remission are not taken into consideration. This
caused the costs to be higher in the bottom-up cost approach. Since the first di-
agnosis dates of patients are not present in the actual patient data, whether the
patient was newly or previously diagnosed could not be distinguished; however,
because of the fact that the patients both receiving active treatment and patients
in remission are present in the actual patient data, lower costs were evaluated to
be an expected result. In order to eliminate this difference between the two

methods, the specialists were re-interviewed and the study inclusion criteria
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were set to classify active patients and patients in remission included in the study
in the data obtained from the SSI MEDULA system, and in the direction of these
criteria, it was determined that there were 18,931 active patients, 14,870 colon
and 4061 rectal cancer patients, and the costs were recalculated. As a result of
this calculation, the average cost of treatment per patient for colon cancer pa-
tients was calculated as $3885.8 and the average cost of treatment per patient for
rectal cancer patients was calculated as $4644.6. As a result of this calculation in
line with the inclusion criteria, the cost of colon cancer treatment calculated us-
ing the bottom-up cost approach was 1.8 times higher than the cost of colon
cancer treatment calculated using the top-down cost approach and also 1.8 times
higher than the cost of rectal cancer treatment.

In this study, it was determined that higher cost of the disease calculated using
the bottom-up cost approach than the cost of disease calculated using the
top-down cost approach is consistent with the studies in the literature. There
was no study using these two cost methods together in the calculation of the cost
of treatment for colon and rectal cancer, there were only two studies used these
two approaches together. One of these studies is a study by Van Asselt et al
aimed to determine the cost of Borderline Personality Disorder (BPD) con-
ducted in the Netherlands, the total annual cost of BDP treatment was calcu-
lated as 200,184,828 € using the top-down cost approach, while the bottom-up
cost approach was found to be approximately 16 times higher than the
top-down cost approach and the total annual cost of BDP treatment was calcu-
lated as 3,258,240,100 €. This different result was explained by loss to follow-up
patients. Accordingly, the amount of health service use determined by the bot-
tom-up cost approach reflects the situation that BPD patients must comply with,
while the amount of service obtained by the top-down cost approach reflects the
real situation. It was demonstrated that patients who had BPD and did not ad-
here to the treatment and control processes had a significant effect on the costs
calculated through the actual data. The other study was conducted by Koop-
manschap et al (2011) to determine the cost of type 2 diabetes in the Nether-
lands, and the cost of type 2 diabetes was calculated as 519 million euros using
the top-down cost approach and 567 million euros using the bottom-up ap-
proach, and a cost difference of 10% has emerged. In this study, it has been
demonstrated that both methods are complementary to each other, and that the
combined use of these approaches completes the weaknesses of the methods.
Two different studies were conducted based on different cost approaches to de-
termine the cost of CRC treatment in Germany in 2007. One of these was con-
ducted by Neubauer and Minartz (2007) based on the prevalence using the
top-down cost approach and the average cost of CRC treatment was calculated
as 21,820 €. In another study by Sieg and Brenner (2007), the treatment costs of
CRC patients were determined in line with the specialist opinions using the bot-
tom-up cost approach, and the average cost of CRC treatment was calculated as
49,563 € [25] [26] [27] [28].
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In the calculations using the top-down cost approach, the average cost of
treatment per patient for metastatic colon cancer patients was calculated as
$2350.8, while the average cost of treatment per patient for non-metastatic pa-
tients was calculated as $1199.4. The average cost of treatment per patient for
metastatic rectal cancer patients was calculated as $3018.8, while the average cost
of treatment per patient for non-metastatic patients was calculated as $1734.3
TL. In the calculations using the bottom-up cost approach, the average cost of
treatment per patient for metastatic colon cancer patients was calculated as
$13,578.9, while the average cost of treatment per patient for non-metastatic pa-
tients was calculated $5112.4. The average cost of treatment per patient for me-
tastatic rectal cancer patients was calculated as $11,667.7, while the average cost
of treatment per patient for non-metastatic patients was calculated as $7291.8.
When the results obtained from both cost approaches according to the stages are
analyzed, it can be said that the cost incurred for the treatment of the disease in-
creases as the disease progresses, and this result is also consistent with the results
of the studies in the literature. In a study by Haug et a/ (2014) on the cost of
CRC treatment in Germany, the average annual cost of CRC treatment was cal-
culated as 29,400 € for stage I, 6100 € for stage II-III, and 64,600 € for stage IV.
In the same study, the costs of colon and rectal cancer were calculated separately,
and it was demonstrated that the cost of treatment for rectal cancer was higher
than the cost of treatment for colon cancer. In a study by Chen et al (2015) on
the cost of treatment for colon adenocarcinomas conducted in Taiwan using the
top-down cost approach, the data of 17,526 patients were collected from the
Taiwan cancer records between 2002 and 2009, and the average lifetime treat-
ment cost for colon adenocarcinomas was calculated as $8416 for stage II,
$14,334 for stage III, and $21,837 for stage IV [5].

The problems in accessing the actual data still persist in many countries and
Turkey. In order to be able to support the decision-making processes of the
health policy-makers by scientific studies, it is of great importance to conduct
correct and unbiased studies. The conclusion of this study is that the results
based on specialist opinions are reliable according to the sensitivity analysis car-
ried out. In addition, it has been demonstrated that it is possible to obtain data
based on the severity of a certain disease using the bottom-up cost approach, and
it can therefore be proposed as a tool that can be used to determine especially the
costs of rare or complex diseases in the community.

Cost-of-illness studies conducted using the top-down cost approach are gen-
erally based on data obtained from the national health system, and as is seen in
the present study, the fact that the data in the SST MEDULA system does not in-
clude detailed information on the use of health services leads to a lack of results
obtained from the cost-of-illness studies. Since the bottom-up cost approach
provides more detailed information on the cost of illness, and thereby on the use
of resources allocated to health, it is thought that the combined use of these two

cost approaches completes each other’s weaknesses. For this reason, it is rec-
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ommended to demonstrate the cost of the same disease using the bottom-up cost
approach in the cost-of-illness studies conducted with the actual disease data
obtained from the national health system.
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