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Smile, even though it’s breaking 

When there are clouds in the sky, you’ll get by 

If you smile through your fear and sorrow 

Smile and may be tomorrow 

You’ll see the sun come shining through, for you.” 
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ABSTRACT 

Cancer creates a significant burden to society in many ways, and as the population is 

aging, this burden will profoundly increase in the future. The costs of cancer 

treatment influence the economical approach of different treatment modalities and 

affect the decisions regarding the treatment choices provided to patients. This thesis 

collects our findings of the treatment costs related to the operative treatment of 

endometrial cancer, the bevacizumab and chemotherapy treatment of epithelial 

ovarian cancer, and the interferon-α and sunitinib treatment of metastatic renal cell 

cancer. 

The primary treatment for endometrial cancer is surgery, which can be executed 

as an open approach by laparotomy or by using minimally invasive techniques, 

including traditional laparoscopy or robotic-assisted laparoscopy. In the framework 

of a randomized prospective trial, the cost differences were calculated between these 

two minimally invasive techniques (traditional group n=51, robotic-assisted group 

n=50) retrospectively. The surgeries included the removal of the gynecological 

organs and the pelvic lymph nodes. The robotic-assisted laparoscopy was found to 

be approximately 2,000 € more expensive than the traditional approach. The main 

difference in the cost was due to the robotic instrumentation and the amortization 

of the robot console. Even though the original trial results presented a shorter 

operative time with the robotic-assisted approach, the time difference was not 

enough to compensate for the cost differences. 

In epithelial ovarian cancer angiogenesis plays a significant role in the 

advancement of the disease. Bevacizumab is a vascular endothelial growth factor 

inhibitor and has therefore been used in the treatment of ovarian cancer. The 

treatment has been directed to patients with advanced disease or to patients with 

recurrent disease who have not received bevacizumab as primary treatment. The 

study population consisted of 75 ovarian cancer patients who were diagnosed 

between 2011 and 2012 at Tampere University Hospital, and who were followed-up 

until the end of 2017. Of the patients, 66 were given chemotherapy, and they formed 

the focus of the analysis. The costs were calculated during medical treatment 

(bevacizumab and/or chemotherapy) while the surgical costs were not included in 

the analysis. Bevacizumab was used in 24 patients, of whom 16 received this drug as 
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part of their first-line therapy and eight received it as a later treatment. The medical 

treatment and all the related variables (follow-up, on-call visits, imaging, laboratory 

samples, inpatient stay, granulocyte colony stimulating factors) for the 66 patients 

cost a total of 2,404,521 €, and bevacizumab accounted for 47.1%. The median cost 

of treatment per patient was 22,115 €; in the non-bevacizumab group (n=42) 7,700 € 

and in the bevacizumab group (n=24) 82,542 €. In the non-bevacizumab group the 

cost of inpatient stay accounted for 40% of the costs and was the main cost driver. 

Interferon-α was the primary treatment choice for metastatic renal cell cancer for 

a couple of decades. Data on 83 patients treated with first-line interferon-α for 

metastatic renal cell carcinoma was retrospectively collected: medication, inpatient 

stay, outpatient visits, radiotherapy, surgical procedures, nursing home stays and 

diagnostics. An estimation of future burden was conducted based on the 

epidemiological data and incidence of renal cell cancer, and projections for 

population change. Medication costs, including those for interferon-α comprised 

60% of the total treatment costs during interferon-α treatment and accounted for 

only 6% after the treatment was discontinued. The median cost of interferon-α 

medication per patient was 7,130 €. However, during the entire follow-up period 

factors other than medical treatment accounted for 73% of the total costs and 79% 

of these costs were associated with inpatient stays. Future estimation yielded an 

increase in renal cell cancer burden and therefore an increase in the treatment costs. 

Sunitinib was at the time a promising new approach and was therefore also included 

in future estimations on the burden of cancer costs. In Finland, the cost burden of 

an estimated 227 new annual patients with metastatic disease was 15,600,000 € in 

five years and assuming that half of these patients would receive sunitinib, the annual 

treatment costs would increase by an average of 2,700,000 €. These estimations only 

include first-line treatment. The cost analysis and future estimations indicate an 

increase in the economic burden of metastatic renal cell cancer. 

Even though new treatment modalities are emerging, sunitinib is still a valid 

treatment for advanced renal cell cancer. The final part of this study evaluated the 

costs and effects of sunitinib treatment in patients with metastatic renal cell cancer. 

A total of 81 patients receiving first-line sunitinib were recruited for this prospective 

study. Information was collected during the follow-up period regarding drug doses, 

laboratory and imaging studies, outpatient visits and inpatient stays. The health-

related quality of life was measured with the 15D- and EQ-5D-3L questionnaires. 

Sunitinib treatment itself accounted for the largest proportion of the treatment cost 

at 73%, and the mean was 22,268 € per patient, while the total treatment cost was 

30,530 € per patient. A decrease in quality of life during the treatment was found; 
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however, it remained rather constant during the treatment period. Notably, quality 

of life was already poorer among these patients at baseline than in the age- and 

gender- standardized general population. 

As new treatments emerge it is crucial to evaluate treatment costs and the cost 

effectiveness. Treatment costs arise from different variables, and all of these 

variables need to be taken into account when detailed and specific information is 

required. It is also important to consider the differences in treatment modalities and 

in healthcare systems between nationalities when calculating treatment costs. A 

detailed cost analysis helps to identify the main drivers of cost during treatment and 

to direct the resources in use in a more sustainable way.  
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TIIVISTELMÄ 

Syövän yhteiskunnalliset vaikutukset ovat lukemattomat ja väestön ikääntyessä 

taakka tulee lisääntymään. Syövänhoidon kustannukset vaikuttavat eri hoitojen 

valintaan ja myös siihen, millaisia hoitoja on tarjolla. Tähän väitöskirjaan on koottu 

hoitojen kustannuksiin liittyviä havaintoja ja tuloksia. Aihepiireinä ovat leikkaushoito 

kohtusyövässä, bevasitsumabihoito epiteliaalisessa munasarjasyövässä ja interferoni-

α sekä sunitinibi -hoidot levinneessä munuaissyövässä. 

Kohtusyövän ensisijainen hoito on leikkaus. Leikkaushoito voidaan toteuttaa 

avoimesti laparotomiana tai mini-invasiivisella lähestymistavalla, perinteisenä 

tähystysleikkauksena tai robottiavusteisena tähystysleikkauksena. Ryhmämme 

toteutti satunnaistetun prospektiivisen tutkimuksen vertaillen kahta viimeksi 

mainittua tekniikkaa (perinteinen n=51, robottiavusteinen n=50) ja kustannukset 

laskettiin molemmille lähestymistavoille retrospektiivisesti. Toteutettuun 

leikkaukseen sisältyi gynekologisten elimien ja lantion imusolmukkeiden poisto. 

Robottiavusteinen tekniikka oli noin 2 000 € kalliimpi kuin perinteinen 

tähystyskirurgia. Suurin osa kustannuserosta johtui robottikonsoliin liittyvistä 

kuoletuskustannuksista ja robotti-instrumentaation hinnasta. Vaikka alkuperäisessä 

tutkimusasetelmassa robottiavusteinen tähystysleikkaus oli nopeampi toteuttaa, 

ajallinen ero toimenpiteiden välillä ei ollut riittävä kompensoimaan kustannuksista 

syntyvää eroa. 

Angiogeneesi eli verisuonten uudismuodostus on tunnistettu tekijä epiteliaalisen 

munasarjasyövän synnyssä ja leviämisessä. Bevasitsumabi estää verisuonten 

kasvutekijän vaikutusta ja sen myötä bevasitsumabia on käytetty munasarjasyövän 

hoitoon. Hoito on kohdistettu potilaille, joilla on jo diagnoosivaiheessa edennyt tauti 

tai potilaille, joilla tauti uusii eikä bevasitsumabia ole käytetty ensilinjan hoidossa. 

Otoksemme kattoi 75 potilasta, joiden epiteliaalinen munasarjasyöpä diagnosoitiin 

2011-2012 Tampereen yliopistollisessa sairaalassa. Seurannan päätepäivä oli 

31.12.2017. Kustannukset laskettiin niiden 66 potilaan osalta, jotka olivat saaneet 

syövän lääkehoitoja. Potilaat, jotka eivät saaneet lääkkeellistä hoitoa, jätettiin pois 

kustannusanalyysistä. Kustannukset laskettiin lääkehoidon ajalta ja mahdollisia 

operatiiviseen hoitoon liittyviä kustannuksia ei otettu huomioon. Kaiken kaikkiaan 

24 potilasta sai bevasitsumabihoitoa, heistä 16 osana ensilinjan hoitoa ja kahdeksan 
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myöhemmissä hoidon vaiheissa. Lääkehoito ja siihen liittyvät tekijät 

(seurantakäynnit, päivystyskäynnit, kuvantaminen, verikokeet, osastohoito ja 

valkosolukasvutekijät) 66 potilaan osalta maksoivat yhteensä 2 404 521 €, josta 

bevasitsumabin osuus oli 47,1 %. Potilaskohtainen mediaani kustannus oli 22 115 € 

koko otannassa; ei-bevasitsumabiryhmässä (n=42) 7 700 € ja bevasitsumabiryhmässä 

(n=24) 82 542 €. Osastohoito selitti suurimman osan (40 %) ei-

bevasitsumabiryhmän hoidon kustannuksista ja oli näin ollen suurin yksittäinen 

kustannustekijä. 

Interferoni-α on ollut aiemmin parin vuosikymmenen ajan levinneen 

munuaissyövän ensilinjan hoito. Keräsimme retrospektiivisesti tiedot 83 

metastaattista munuaissyöpää sairastavasta ensilinjan interferoni-α -hoidetusta 

potilaasta: lääkitys, osastohoito, poliklinikkakäynnit, sädehoito, leikkaustoimenpiteet, 

hoitokotijaksot ja diagnostiikkaan liittyvät asiat. Lisäksi toteutettiin tulevaisuuden 

syöpäkuormitusarvio perustuen epidemiologisiin tietoihin, munuaissyövän 

insidenssiin ja väestömuutoksen ennusteisiin. Lääkekustannukset, jotka sisälsivät 

interferoni-α-hoidon, muodostivat 60 % kokonaishoidon kustannuksista interferoni-

α-hoidon aikana ja vain 6 % interferoni-α-hoidon jälkeen. Potilaskohtainen 

interferoni-α-lääkityksen mediaanikustannus oli 7 130 €. Kuitenkin huomioidessa 

koko seuranta-aika, muun kuin lääkehoidon kustannusten osuus oli 73 %, joista 

79 % muodostui osastohoidosta. Tulevaisuusarvio osoitti munuaissyöpäpotilaiden 

määrän kasvavan ja sen myötä myös hoidon kustannusten lisääntyvän. Arvioon 

sisällytettiin myös lupaavan hoidon, sunitinibin, osuuden kasvu. Suomessa 227 

vuotuisen uuden levinneen munuaissyöpäpotilaan kustannukset olivat noin 

15 600 000 € viiden vuoden ajalta. Jos puolet näistä tulisi saamaan sunitinibihoitoa, 

vuotuinen kokonaiskustannus nousisi keskimäärin 2 700 000 €. Näihin arvioihin 

sisällytettiin vain ensilinjan hoito. Kustannusanalyysi ja tulevaisuusarvio osoittavat 

levinneen munuaissyövän taloudellisen taakan merkittävän kasvun. 

Vaikka uusia kohdennettuja hoitoja kehitetään jatkuvasti, sunitinibi on 

puolustanut asemaansa hoito-ohjeissa. Viimeisessä osatyössä keskityttiin 

sunitinibihoidon kustannuksiin ja hoidon elämänlaadullisiin vaikutuksiin. Kaiken 

kaikkiaan 81 potilasta rekrytoitiin mukaan tähän prospektiiviseen tutkimukseen. 

Tutkimuksen seuranta-aikana kerätyt tiedot sisälsivät lääkeannokset, verikokeet, 

kuvantamistutkimukset, poliklinikkakäynnit ja osastohoidot. Elämänlaatua 

kartoitettiin 15D- ja EQ-5D-3L- kyselyillä. Itse sunitinibihoito kattoi suurimman 

osan kustannuksista, 73 %, tarkoittaen keskiarvona potilaskohtaisesti 22 268 €, kun 

koko hoitojakson potilaskohtainen kustannus oli 30 530 €. Elämänlaatu laski hoidon 

aloituksen myötä, mutta säilyi varsin vakaana hoidon ajan. Huomattavaa oli kuitenkin 
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se, että elämänlaatu oli jo hoidon aloituksessa sunitinibipotilailla huonompi kuin ikä-

ja sukupuolivakioidulla normaaliväestöllä. 

Uusia syöpähoitoja kehitetään jatkuvasti, minkä vuoksi on erittäin tärkeää arvioida 

ja laskea myös hoitojen kustannuksia sekä kustannusvaikuttavuutta. 

Kokonaiskustannukset muodostuvat useista eri tekijöistä ja nämä kaikki tulee ottaa 

huomioon, kun halutaan todellista tietoa hoidon kustannuksista. Lisäksi tulee ottaa 

huomioon kansalliset erot hoitojen toteutuksessa ja terveydenhuoltojärjestelmissä 

kustannuksia kartoitettaessa. Yksityiskohtainen kustannusanalyysi auttaa myös 

määrittämään eniten kustannuksiin vaikuttavat tekijät ja näin ollen ohjaamaan 

resursseja hoidossa oikealla tavalla.  
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VEGF Vascular endothelial growth factor 

WHO World Health Organization 
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1 INTRODUCTION 

In 2018, there were over 18,000,000 new cancer cases in the world. Over 9.5 million 

cancer-related deaths occurred during that same year, and cancer is currently the 

leading cause of death worldwide. (WHO statistics; Torre et al. 2015) The incidence 

of cancer is increasing because of the growth and aging of the population. People 

are also adopting more cancer risk-related behaviors and lifestyles, such as smoking, 

reduced activity, obesity, delayed childbirth and fewer childbirths, which all lead to 

an increase in cancer incidence. This increased incidence is already evident in both 

high-income countries and low- and middle-income countries. (Torre et al. 2015; 

Torre et al. 2016) 

During the past several decades, cancer has had a significant financial impact both 

at individual and societal levels. The direct costs of cancer treatments are associated 

with surgical operations, radiotherapy, cancer drugs, cancer follow-up visits, 

emergency visits, inpatient stays, laboratory tests, imaging studies and other 

medications related to the treatment and the disease itself. The additional societal 

costs include indirect costs, such as loss of productivity (work absences, permanent 

disability, death before age 65), and costs related to prevention, screening and 

rehabilitation. Treatments are chosen according to treatment guidelines and are 

dependent on the stage of cancer and the patient’s performance status and 

comorbidities at the time of diagnosis. (Jönsson, Wilking 2007; Luengo-Fernandez 

et al. 2013; Torre et al. 2017) 

The increase in cancer incidence influences the expenditures and the burden it 

creates. The costs of diagnostics and treatment have increased due to new imaging 

methods and cancer screening programs. Another change, to patients’ benefit, is that 

improvements in cancer treatment have led to better outcomes. Overall cancer 

mortality has been shown to be declining, and cancer survival has generally 

improved; however, there is a vast variability between different cancer types. This 

positive change is due to improvements in the possibility of early detection and 

cancer treatments. Decreased mortality, however, means that there is a growing 

number of working-age patients living with cancer. In terms of cost, this decreased 

mortality increases the expenditures of continued cancer care and rehabilitation as 
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well as increases loss of productivity in working-age patients, even though loss of 

productivity is obviously also evident if the patient dies. (Jönsson et al. 2016; Kang 

et al. 2016) 

New cancer treatments are often expensive, which also contributes to the 

international burden of increasing cancer costs (Dolgin 2018). This expense has led 

to the discussion of equal distribution and accessibility of treatment options and new 

treatments. More careful cost effectiveness analyses are needed to determine the true 

benefit of treatments. (Hillner and Smith 2009; Bernard et al. 2011; Smith 2011; 

Mazzucato 2016; Dolgin 2018; Voda et al. 2018; Chien et al. 2019). 

The WHO has presented willingness-to-pay thresholds of 100,000 USD, but 

100,000 USD-150,000 USD is also used. However, the WHO also suggests that 

these types of thresholds should be created nationally related to the nations’ per-

capita gross domestic product. To compare the cost effectiveness of new treatments, 

incremental cost-effectiveness ratio (ICER) presented as USD/Quality-adjusted life 

year (QALY), has been developed. (Bertram et al. 2016; Torkki et al. 2018; Chien et 

al. 2019) 

This thesis examines the costs of four known cancer treatments. All the studied 

treatments have been considered during their time, or still are considered, to be 

expensive. The cancers evaluated in these studies include endometrial cancer (cancer 

of corpus uteri, EC), ovarian cancer (focus on epithelial ovarian cancer, OC) and 

renal cell cancer (RCC). The focus has been mainly on the direct costs related to the 

treatments and non-healthcare related societal costs have been excluded from the 

studies. The number of new cases, incidence, number of deaths and ordinal number 

in these categories of EC, OC and RCC are presented in Table 1. 
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Table 1.  Incidence and Mortality in 2018. (WHO statistics) 

2018 New cases/Incidence 
(#all/#gyn.) 

Deaths 
(#all/#gyn.) 

All cancers 18,078,957/236.9:100,000 9,555,027 

Endometrial 
(females) 

382,069/10.1:100,000 (6./2.) 89,929 (14./3.) 

Ovarian (females) 295,414/7.8:100,000 (8./3.) 184,799 (8./2.) 

Kidney (males and 
females) 

403,262/5.3:100,000 (14.) 175,098 (16.) 
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2 REVIEW OF THE LITERATURE 

2.1 Endometrial cancer 

Endometrial cancer is a gynecological cancer originating from the endometrium of 

the uterus. EC is the most common gynecological cancer in developed countries, 

and its prevalence is increasing. (Morice et al. 2016; Colombo et al. 2016) EC was 

responsible for 0.9% of cancer-related deaths in 2018. (WHO statistics). 

In Finland, there were 911 new cases of uterine cancers, of which most were ECs, 

in 2017, and 202 patients died of the disease. The patients with EC had good relative 

survival rates; the one-year survival rate was 92%, and the five-year survival rate was 

81%, in patients who received a cancer diagnosis between 2015 and 2017. Compared 

to all female cancers diagnosed in Finland during those years, with a one-year survival 

rate of 82% and a five-year survival rate of 70%, the prognosis of uterine cancers is 

rather good. The five-year survival rate has increased from 38% during the years 

1955-1957 to the previously mentioned 81%; however, this is a few percentage 

points lower than the rate from the best years or 84% in 2006-2008. (Finnish Cancer 

Registry) EC is commonly diagnosed in the later years of life, and over 90% of 

patients are diagnosed at an age >50 years (median age 63 years); the main patient 

group is postmenopausal women, and only 14% of ECs are diagnosed in 

premenopausal women. (Morice et al. 2016; Colombo et al. 2016) In Finland, the 

greatest incidence of uterine cancers has been among patients aged 60-69 years since 

the 1980s (Finnish Cancer Registry). 

Exposure to unopposed estrogen is the main known risk factor, along with 

obesity, early menarche, late menopause, nulliparity, age ≥55 years and tamoxifen 

treatment. The greatest incidence of EC geographically is in the USA, Canada and 

Northern and Western Europe. This increased incidence is considered to be related 

to the high number of obese women and those with metabolic syndrome, combined 

with an aging population. In the USA, the role of hormone replacement therapy 

(HRT) due to the ever-increasing incidence of EC during the last decade is also being 

studied. The independent role of diabetes mellitus type II is debatable, since these 

patients are likely to be obese. (Amant et al. 2005; Colombo et al. 2016; Morice et al. 

2016; Amant et al. 2018) 
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2.1.1 Diagnostics and characteristics 

EC often causes symptoms and is therefore usually found during a relatively early 

stage of the disease. Therefore, there is no gain achieved by screening for EC, except 

in patients with a hereditary risk. Abnormal uterine bleeding is the most common 

symptom, occurring in up to 90% of EC patients, and is a reason for further 

investigation. Especially in postmenopausal women, 10% of abnormal bleeding is 

caused by EC. In the rare case of advanced disease, there can also be symptoms such 

as abdominal or pelvic pain or abdominal distension. Other types of persistent 

vaginal discharge in postmenopausal women are also possible if the disease has 

created a pyometra. In premenopausal women, a change in menstrual pattern can be 

a symptom of endometrial cancer. (Amant et al. 2005; May, Mehasseb 2013; Morice 

et al. 2016; Colombo et al. 2016) 

If a patient has symptoms, such as postmenopausal bleeding, she needs further 

assessment. A pelvic examination, an endometrial biopsy and a vaginal ultrasound 

examination are the first diagnostic steps. Risk factors and comorbidities should be 

assessed. An endometrial thickness of less than 5 mm has a good negative predictive 

value, while the observation of an endometrial polyp on vaginal ultrasound is related 

to an increased risk of endometrial cancer. Currently, outpatient hysteroscopy is also 

a common first-line diagnostic method, as well as endometrial sampling. 

Hysteroscopy enables the better detection of endometrial polyps and leiomyomas 

responsible for abnormal bleeding. However, endometrial sampling via e.g., Pipelle® 

is safe, easily accessible and provides sufficient diagnostic information, although 

cervical stenosis in postmenopausal women sometimes makes sampling more 

difficult. Vaginal ultrasound combined with endometrial biopsy has a negative 

predictive value of 96%. Hysteroscopy is helpful in situations of diagnostic 

uncertainty. (Amant et al. 2005; May, Mehasseb 2013; Morice et al. 2016; Amant et 

al. 2018) 

If a diagnosis of EC is confirmed by endometrial biopsy, the next phase is to 

evaluate the size of the uterine tumor and to determine if there are metastatic sites 

and/or perioperative risks. Computed tomography (CT) or magnetic resonance 

imaging (MRI) is generally used to estimate the spread of the cancer and to assist in 

planning of the surgical approach. MRI or positron emission tomography-computed 

tomography (PET-CT) are more sensitive than pure CT for identifying lymph node 

infiltration. Three-dimensional ultrasound may also be used to estimate myometrial 

invasion. The most common metastatic sites of EC are the vagina, ovaries and lungs. 

(Saarelainen et al. 2012; Gupta 2017; Amant et al. 2018) 
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The WHO classifies endometrial cancer into two main histological types, namely, 

endometrioid adenocarcinoma (type I) and other adenocarcinomas (type II). 

Endometrioid adenocarcinoma represents 80-90% of endometrial cancers. The 

subtypes of endometrioid adenocarcinoma include villoglandular, secretory, with 

squamous differentiation and with ciliated cells. The other adenocarcinomas (type 

II) include serous carcinoma, clear cell carcinoma, mucinous carcinoma, mixed 

carcinoma, squamous-cell carcinoma, transitional cell carcinoma, small-cell 

carcinoma and undifferentiated carcinoma. Type I tumors are usually low-grade and 

are preceded by endometrial hyperplasia. Type II tumors are generally high grade. 

Histopathological grading defines endometrial carcinomas according to the solidness 

of the tumor. In grade 1 tumors, 5% or less of the tumor is solid, in grade 2 tumors, 

6-50% of the tumor is solid, and in grade 3 tumors, over 50% of the tumor is solid. 

(Amant et al. 2005; Arora et al. 2012; Sorosky 2012) 

The Cancer Genome Research Atlas Network (TCGA) classifies type I EC into 

four groups. Group 1 is associated with a good prognosis but very high mutation 

rates and somatic inactivating mutations in polymerase epsilon (POLE) exonuclease. 

Group 2 presents microsatellite instability with frequent MLH-1 promoter 

hypermethylation and high mutation rates. Group 3 has low copy number 

alterations. Group 4 shows a low mutation rate but frequent TP53 mutations and a 

worse prognosis. This classification is recommended in addition to pathologic 

classification to improve prognostic assessment, especially in high-grade endometrial 

carcinomas. (Piulats et al. 2017) 

In 1971, FIGO created a clinical staging classification, which was changed to a 

surgical staging classification in 1988, to be used in EC to standardize therapeutic 

approaches (Amant et al. 2018). According to the most recent classification (Table 

2) Stage I disease is limited to the uterine corpus and is divided, depending on the 

depth of the myometrial invasion, into substage A (no invasion or less than half) and 

B (equal or more than half). Stage II disease invades the cervical stroma. Stage III 

presents a locally spread tumor divided into substage A, which invades the uterine 

serosa and/or adnexa, substage B, which involves the vagina and/or parametrium, 

and substage C, which involves metastasis in the pelvic (C1) and/or para-aortic (C2) 

lymph nodes. Stage IV disease has spread outside the gynecological organs in the 

pelvis to the bladder and/or bowel mucosa (IVA) or to distant metastatic sites (IVB). 

(Amant et al. 2018) 
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Table 2.  FIGO classification and percentage of EC patients in these stages 

Stage Definition % of EC 

I No invasion or myometrial invasion only 70 

II Invades to cervical stroma 12 

III Invades/spreads locally 13 

IV Invades/spreads outside gynecological organs 3 

 

The risk of future recurrence is assessed based on prognostic factors. These 

factors include the disease stage, histological type and grade, age at diagnosis, tumor 

size, lymphovascular space invasion (LVSI) status and hormone receptor status. The 

survival of a given patient also depends on comorbidities and peri- and postoperative 

complications. Poor prognostic factors are age >65 years, tumor size >2 cm, LVSI, 

grade 3, serous type, clear cell type, malignant mixed Müllerian type 

(carcinosarcoma), deep myometrial invasion ≥50%, tumor in the lower uterine 

segment, no estrogen or progesterone receptors, involvement of the adnexa and/or 

lymph nodes, and high stage disease. (Amant et al. 2018) 

The hereditary nonpolyposis colon cancer (HNPCC) family of mismatch repair 

gene mutations is known to predispose to a form of EC that develops at a younger 

age. This form of EC is sometimes considered type III EC. (Arora et al. 2012) 

HNPCC increases also the risk of colon cancer, ovarian cancer and other cancers. 

This feature, an autosomal-dominant condition, is also called Lynch syndrome. 

(Arora et al. 2012) Lynch syndrome increases the risk of EC by 32-60%, and these 

patients represent 5% of EC patients. With this patient group, annual screening 

beginning at age 35 years, with endometrial biopsy and vaginal ultrasound, is 

recommended by the International Federation of Gynecology and Obstetrics 

(FIGO). Furthermore, prophylactic removal of the ovaries and uterus (hysterectomy 

and bilateral salpingo-oophorectomy) is considered when fertility no longer needs to 

be preserved. Lynch syndrome should be kept in mind if a patient has abnormal 

vaginal bleeding and has a first-degree relative with EC. (Amant et al. 2005; 

Renkonen-Sinisalo et al. 2007; Arora et al. 2012; Sorosky 2012; Morice et al. 2016; 

Colombo et al. 2016) 

2.1.2 Treatment 

The selection of treatment options is based on staging, which is accomplished 

surgically and by preoperative assessment of myometrial invasion and local and 
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distant metastasis. In particular, myometrial invasion and histology are important to 

assess even before surgery, since they determine the need for lymphadenectomy. It 

is also possible to obtain an intraoperative frozen section to assess for myometrial 

invasion. (Amant et al. 2018) 

If the patient is diagnosed with stage IV disease preoperatively or has stage III 

disease that is inoperable at the time, neoadjuvant treatment is an option. The 

purpose of neoadjuvant treatment is to reduce tumor volume by radiotherapy 

and/or chemotherapy. After completing neoadjuvant therapy, a new assessment can 

be performed to determine operative treatment. (Morice et al. 2016; Amant et al. 

2018) 

Preoperative assessment, operative staging, histopathological diagnosis and 

evaluation of the patient’s condition allow determination of the need for a suitable 

postoperative adjuvant treatment for each patient. A well-designed adjuvant therapy 

reduces the risk of recurrence in high-risk patients and prevents overtreatment of 

low-risk patients. High/intermediate-risk factors include age >60 years, deep 

myometrial invasion, grade III, serous or clear cell histology. (Sorosky 2012; Morice 

et al. 2016; Gupta 2017; Lee et al. 2017; Amant et al. 2018) 

2.1.2.1 Surgery 

Surgery is the principal treatment method, and surgery alone is sufficient for most 

patients with EC. Hysterectomy and bilateral salpingo-oophorectomy are adequate 

treatments for low-grade stage IA cancer. A complete staging operation includes 

pelvic and para-aortic lymphadenectomy, obtaining a sample for peritoneal cytology, 

and removal of the uterus and adnexa. During the operation, the abdominal status 

is also explored; the omentum, liver, bowel and peritoneal surfaces are evaluated. A 

complete staging operation should be performed for patients with stage IB and II 

disease. Patients with stage III disease benefit from maximal debulking surgery, 

which involves the removal of all visual disease. Patients with stage IV disease should 

be assessed individually to determine whether they will benefit from cytoreductive 

or palliative surgery. (Colombo et al. 2016; Morice et al. 2016; Amant et al. 2018; 

Gupta 2017; Lee et al. 2017) 

Surgery can be executed with a minimally invasive technique, traditional 

laparoscopy or robotic-assisted laparoscopy, or with traditional laparotomy. 

Minimally invasive techniques offer a shorter postoperative inpatient stay (2-3 days 

vs. 6 days), reduced perioperative blood loss and fewer postoperative complications 

(0-1% vs. 2%) than laparotomy, with similar operative results. These advantages 
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support a faster recovery from surgery. Obesity creates challenges for traditional 

laparoscopy and laparotomy that can be avoided with robotic-assisted laparoscopy. 

A robotic-assisted technique also offers the advantage of fewer conversions than 

traditional laparoscopy. However, if surgery with a minimally invasive technique 

might require morcellation (slicing) of the uterus or if the cancer is already in stage 

III (or IV), laparotomy may be the only option for optimal results. (Diaz-Arrastia et 

al. 2002; Kuoppala et al. 2004; Corrado et al. 2015; Chiou et al. 2015; Rabinovich et 

al. 2015; Colombo et al. 2016; Morice et al. 2016; Gupta 2017; Lee et al. 2017; Amant 

et al. 2018; Galaal et al. 2018) 

2.1.2.2 Radiotherapy 

Radiotherapy (RT) can be given as neoadjuvant therapy or adjuvant therapy and can 

be administered with or without chemotherapy. RT is recommended for patients 

with a high-risk for recurrence and is discouraged in low-risk patients. RT can be 

given as vaginal brachytherapy or as external radiation. 

Neoadjuvant radiotherapy can be used, as previously mentioned in chapter 2.1.2. 

If the patient has risk factors, such as age >60 years, deep myometrial invasion, LVSI 

and/or grade 2 disease, adjuvant brachytherapy is more efficient and has less impact 

on quality of life (QoL) than external radiation. For higher risk patients with stage I-

II disease, adjuvant pelvic external radiotherapy is recommended. In these patients, 

pelvic irradiation is as effective as and better tolerated than vaginal brachytherapy 

combined with chemotherapy. Patients with stage III disease may benefit from a 

combination of external radiotherapy and chemotherapy, but the use of this 

combination should be decided individually. The main advantage of RT is the 

reduction in pelvic and vaginal recurrence, but this treatment does not offer an 

overall survival benefit. RT can also be used as palliative care in patients with 

progressive disease. (Sorosky 2012; Colombo et al. 2016; Amant et al. 2018; De Boer 

2018; Randall et al. 2019) 

2.1.2.3 Chemotherapy 

Adjuvant chemotherapy can be considered in patients with adverse prognostic 

factors and in those with stage IA grade 3 or IB grade 1 and 2 disease instead of RT. 

In patients with stage IB grade 3 cancer with adverse prognostic factors, a 

combination of RT and chemotherapy is recommended. In stage II disease, 
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chemotherapy is recommended with or without RT if there are poor prognostic 

factors. In stage III disease, a combination of chemotherapy and RT benefits the 

patients in terms of recurrence-free survival. Patients with stage IV disease should 

be considered individually to determine whether they can benefit from neoadjuvant 

treatment or adjuvant therapy. (Amant et al. 2018)  

Current practice is a platinum-based chemotherapy. Single-agent therapy can be 

used to reduce side effects; however, a better effect is gained with combination 

chemotherapy, including double or triple treatments. Several combinations have 

been tested: carboplatin and paclitaxel; ifosfamide with cisplatin; doxorubicin, 

cisplatin and paclitaxel (TAP); cisplatin and paclitaxel; doxorubicin and cisplatin; and 

doxorubicin and paclitaxel. A combination of carboplatin and paclitaxel has shown 

similar efficacy with fewer side effects (PFS up to 14 months) and less toxicity than 

triple treatment (TAP) and is currently the recommended adjuvant therapy for stage 

3 and 4 disease. (Fleming et al. 2004; Thigpen et al. 2004; Leslie et al. 2012; Colombo 

et al. 2016; Amant et al. 2018) 

2.1.2.4 Other treatment options 

If the patient cannot undergo surgery due to difficulties concerning the operation 

and spread of the disease or due to the patient’s condition, a progesterone-based 

treatment can be given. This treatment does not offer a survival benefit, but in 

estrogen and progesterone receptor positive disease, this treatment may slow down 

advancement of the disease in patients with metastatic disease. (Colombo et al. 2016; 

Amant et al. 2018) 

In younger patients with low-risk (grade 1) early-stage EC, fertility can be 

preserved by using oral or intrauterine progestin therapy (medroxyprogesterone 

acetate or megestrol or a levonorgestrel-releasing intrauterine device). After the need 

to preserve fertility has passed or if there is no response to treatment, a hysterectomy 

should be performed. In premenopausal patients, the ovaries can be preserved to 

prevent surgical menopause in patients with low-grade early-stage disease. (Colombo 

et al. 2016; Amant et al. 2018) 

Immunotherapy and targeted therapies are being studied in the treatment of 

metastatic, unresectable, persistent or recurrent EC. These treatments target 

different pathways, such as angiogenesis, genomic instability, proliferative signaling, 

endogenous immune response and hormonal therapy. The combination of 

lenvatinib and pembrolizumab has shown promising results in a phase 2 study, the 

treatment reduced tumor activity. However, a significant number of adverse-events 
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was recorded during the treatment. The topic of immunotherapy for endometrial 

cancer obviously still needs further investigation before it is adopted as a standard 

treatment. (Charo and Plaxe 2019; Di Tucci et al. 2019; Makker et al. 2020) 

2.1.2.5 Follow-up 

In previous years, follow-up has been recommended for up to five years: 3-4 times 

a year for the first three years and twice a year up to 5 years after the initial treatment. 

(Colombo et al. 2016) This follow-up practice has been questioned, and 

recommendations seem to be moving towards symptom-based follow-up. 

Symptom-based follow-up has shown equal sensitivity in identifying recurrent 

disease and reduces routine visits and imaging studies. Weight loss and vaginal 

bleeding may be symptoms of recurrent disease. If the patient has suspicious 

symptoms, a thorough gynecological examination and imaging are performed. 

(Amant et al. 2005; Amant et al. 2018) 

2.1.3 Recurrent disease 

Even though EC is a cancer with a good prognosis, in approximately 13% of cases, 

recurrence occurs. Most recurrences are discovered during the first three years of 

follow-up. Treatment response depends on the disease-free interval and the location 

and degree of extrapelvic metastases. The treatment choices include surgery (for a 

local or isolated recurrence), RT, hormonal therapy and chemotherapy. For local 

vaginal recurrence, RT has proven to be effective. Hormonal therapies, such as 

progestins, tamoxifen or aromatase inhibitors, are recommended for patients with 

endometrioid histology. If the patient has estrogen and/or progesterone receptor 

positive grade 1 disease, they may benefit from progestin treatment in the form of 

prolonged remission of metastatic disease. (Amant et al. 2018) If chemotherapy has 

not been previously used in the treatment, platinum-based drugs (cisplatin, 

carboplatin), anthracyclines (doxorubicin) and taxanes (paclitaxel) can be used alone 

or in combination. If recurrence occurs in a patient originally treated with 

chemotherapy, chemoresistance is common. Only paclitaxel has shown response 

rates of >20%. New treatment options are continuously being studied; for instance, 

the antiangiogenic agent bevacizumab combined with chemotherapy has shown 

efficacy. In addition, the preliminary results in early clinical trials have shown that 

immune checkpoint inhibitors may be beneficial in patients with POLE-



 

36 

ultramutated disease. (Sorosky 2012; Huijgens et al. 2013; Colombo et al. 2016; 

Morice et al. 2016; Rose et al. 2017; Mittica et al. 2017; Amant et al. 2018) 

2.1.4 Costs 

Many studies on the costs of EC treatment are based on comparing the expenses of 

surgery, as it is the primary form of treatment and therefore the largest contributor 

to treatment cost. The approved adjuvant therapy used for EC in routine clinical 

practice does not yet include new, expensive drugs. Moreover, as there are already 

generic and biosimilar products available for standard treatment choices, 

chemotherapy for EC is relatively inexpensive. RT offers rather standard prices as 

well, since there have been no radical innovations in that area. RT treatment planning 

and delivering systems are in constant development but are used for a large number 

of patients and thus inexpensive per patient. (Barnett et al. 2010; Venkat et al. 2012; 

Leitao et al. 2014; Marino et al. 2015; Mäenpää et al. 2016) 

Surgical treatment costs include surgeon costs, operating room costs (equipment, 

supplies, staff), hospital accommodations, medications, laboratory costs and if 

necessary, imaging and blood products. In terms of surgical treatment, many studies 

have compared the three previously mentioned treatment options, namely, 

traditional laparoscopy, robotic-assisted laparoscopy and laparotomy, in different 

settings. In all of these analyses, traditional laparoscopy was determined to be the 

most inexpensive approach. This method offers the advantage of minimally invasive 

surgery, and the shortened postoperative hospital stay is a significant contributor to 

total operative expenses compared to laparotomy. Traditional laparoscopy also has 

advantages over robotic-assisted laparoscopy in terms of the amortization costs of 

the robot console and the costs of the specific instrumentation required. (Barnett et 

al. 2010; Venkat et al. 2011; Leitao et al. 2014; Marino et al. 2015; Mäenpää et al. 

2016) 

Laparotomy and robotic-assisted laparoscopy expenses have been alternatively in 

the first and second place being more expensive than traditional laparoscopy, 

depending on the study design. In most cases, laparotomy is more expensive than 

robotic-assisted laparoscopy, since the longer postoperative stay among laparotomy 

patients compensates for the costs of robot console amortization and robot 

instrumentation expenses. (Barnett et al. 2010; Venkat et al. 2011; Reynisson et al. 

2013; Leitao et al. 2014; Marino et al. 2015; Herling et al. 2016; Mäenpää et al. 2016) 
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Leitao et al. published a study that included the cost calculations for all of these 

three approaches. These authors also included a follow-up period of six months after 

initial discharge and compared the costs with and without the amortization of the 

robotic platforms (excluding capital costs in all approaches). When amortization was 

included, the results for traditional laparoscopy, robotic-assisted laparoscopy and 

laparotomy were 20,489 USD, 23,646 USD and 24,642 USD, respectively. The non-

amortized costs for traditional laparoscopy, robotic-assisted laparoscopy and 

laparotomy were 20,289 USD, 20,467 USD and 24,433 USD, respectively. This 

study demonstrated the significance of primary investment expenses related to 

robotic surgery. (Leitao et al. 2014) 

However, according to most studies, robotic-assisted laparoscopy takes a longer 

time to perform than traditional laparoscopy. Mäenpää et al. prospectively 

randomized EC patients to traditional laparoscopy or robotic-assisted laparoscopy. 

In this study, surprisingly, robotic-assisted laparoscopy was faster when the 

operations were otherwise identical (hysterectomy, salpingo-oophorectomy and 

pelvic lymphadenectomy). However, the cost difference between these two surgical 

approaches is approximately 1,000-2,000 € when the operational and postoperative 

stay expenses are taken into account. Therefore, the magnitude of the time difference 

needed between these approaches to balance the costs per operation has to be quite 

remarkable. (Barnett et al. 2010; Venkat et al. 2011; Leitao et al. 2014; Wrigth et al. 

2014; Marino et al. 2015; Mäenpää et al. 2015; Mäenpää et al. 2016) 

The average Finnish health care unit costs of 2011 were published in 2014. The 

expenses concerning gynecologic oncology are presented in Table 3. These data 

confirm that for the standard care of EC, surgery is the most expensive component. 

(Kapiainen et al. 2014) 

Other costs of EC also include follow-up costs. If control routine visits were 

executed as the original guidelines suggest, routine follow-up visits calculated with 

Finnish health care units would cost 3,480 € (4 visits in the 1st year, 3 visits in the 2nd 

and 3rd years, and 2 visits in the 4th and 5th years; a total of 14 visits and a unit price 

of 248.6 €/visit). If the number of visits can be halved in low-risk patients, the 

reduction in follow-up costs is significant. (Colombo et al.2016; Kapiainen et al. 

2014) 
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Table 3.  Finnish health care unit costs of 2011 concerning gynecologic oncology. (Kapiainen et 
al. 2014) 

Treatment Cost €/treatment 
period 

# treatment days 
included/treatment 

period 

Gynecological radical surgery 7,612 7.5 

Other operation  5,063 5.3 

Other operation, short stay 2,225 1.0 

Local radiotherapy 2,045 3.7 

External radiotherapy 3,853 5.6 

Regular chemotherapy protocol 2,418 2.9 

2.2 Ovarian cancer 

Table 1 shows the worldwide incidence of ovarian cancer (OC); in 2017, the 

incidence of OC in Finland was 13.5:100 000. OC was ranked the 8th cancer in terms 

of female mortality rates, accounting for 1.9% of all cancer-related deaths worldwide 

in 2018. In Finland in 2017, OC was the most lethal gynecological malignancy, 

causing 315 deaths. OC also has the lowest survival rates in this cancer category; the 

one-year survival rate is 74%, and the five-year survival rate is 42%. The five-year 

survival rate has improved over time since 1958-1960 when it was only 23% to the 

21st century rate of over 40%. The greatest incidence occurs between ages 60-69 

years. (WHO statistics; Finnish Cancer Registry) 

Epithelial ovarian cancer is the most common form of OC (greater than 90% of 

ovarian malignancies) and thus the focus in this thesis. Of epithelial OCs, high-grade 

serous carcinoma (HGSC) is by far the most common type, accounting for 

approximately 70% of all cases. Furthermore, the origin of HGSC is the epithelium 

of the fallopian tube rather than the ovary. (Permuth-Way and Sellers 2009; 

Hennessy et al. 2009) 
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There are a few theories regarding the tumorigenesis of OC. The most popular 

theory is related to incessant ovulation and the resulting increased proliferation 

required to repair the epithelium of the ovary throughout a woman’s fertile life. It is 

thought that this proliferation is vulnerable to spontaneous mutations and thereby 

prone to creating cancer cells. A second theory suggests that gonadotropins 

overstimulate proliferation in the epithelium yielding similar consequences. 

However, the recent discovery of the fallopian tube being the origin of HGSC has 

made these theories less attractive at least for high-grade tumors. (Permuth-Way and 

Sellers 2009; Hennessy et al. 2009) 

The most significant risk factor for OC is family history. Other risk factors 

include early menarche, late menopause, nulliparity, and increasing age. On the other 

hand, oral contraceptives, multiparity, lactation, tubal ligation, hysterectomy and 

salpingectomy decrease the risk of OC. (Permuth-Way and Sellers 2009; Hennessy 

et al. 2009; Falconer et al. 2015) 

2.2.1 Diagnostics and characteristics 

Ovarian cancer causes rather nonspecific symptoms or is asymptomatic; therefore, 

it is often found, in approximately 70% of patients, at an advanced stage. The 

symptoms may include abdominal or pelvic pain, loss of appetite, abdominal 

distension or “bloating”, changes in urination and menstrual changes. When 

suspected, a physical examination may reveal a palpable mass in the ovarian region, 

ascites or pleural effusion. (Permuth-Way and Sellers 2009; Hennessy 2009; 

Capriglione et al. 2017) 

Pelvic examination, vaginal ultrasound and breast and rectal palpation are the 

principal diagnostic tools for OC. Vaginal ultrasound is sensitive for identifying 

ovarian masses, which usually appear as a complex ovarian cyst with possible ascites, 

indicating the malignant nature of the tumor. Three-dimensional power Doppler 

ultrasound can be useful in expert hands as a reliable method for assessing the nature 

of an ovarian tumor (Niemi et al. 2017). Cancer antigen 125 (CA12-5) levels can be 

used, together with physical examination and vaginal ultrasound, to determine the 

character of an ovarian mass; in OC, these levels are elevated. CA 12-5 levels can be 

elevated by malignancies other than OC and by some benign conditions, such as 

endometriosis; therefore, this should not be used as an isolated diagnostic tool. Even 

though the FDA has approved human epididymal secretory protein 4 (HE4) as a 

diagnostic marker for OC, neither is this biomarker is also completely specific for 
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this cancer. However, when these two markers (CA 12-5 and HE4) are measured 

simultaneously, the diagnostic accuracy increases, and this combination can help to 

distinguish malignant and nonmalignant lesions. Carcinoembryonic antigen (CEA) 

levels can be used to differentiate OC from gastric or colon cancer that has 

metastasized to the ovaries. CT can be used to assess for metastatic disease, and 

thorax radiographs can be used to identify pleural effusion. (Hennessy 2009; 

Huhtinen et al. 2009; Capriglione et al. 2017; Berek et al. 2018) 

Histologically, epithelial ovarian tumors are classified as serous, endometrioid, 

clear cell, mucinous, Brenner, undifferentiated carcinomas, carcinosarcomas and 

mixed epithelial tumors. Grading of the epithelial tumors is categorized by the 

differentiation of the existing cells; grade X cannot be assessed, grade 1 is well 

differentiated, grade 2 is moderately differentiated, and grade 3 is poorly 

differentiated. Serous carcinoma is the most common histological type of epithelial 

OC and is divided into high-grade and low-grade based on its biology. HGSCs of 

the ovary, fallopian tube and peritoneum actually represent the same disease (see 

above) and are treated according to the same principles. (Berek et al. 2018) 

FIGO has a staging classification for OC to standardize treatment of different 

types of disease, and the latest edition was published in 2014. Stage I disease is limited 

to the ovaries and the fallopian tubes; substage IA disease involves only one ovary 

or fallopian tube, and substage IB disease involves either both ovaries or fallopian 

tubes. Both substage IA and IB tumors have intact capsules. Substage IC disease is 

limited to both ovaries or fallopian tubes and is also dependent on the following: 

substage IC1 disease has surgical spillage, substage IC2 disease involves tumors in 

which the capsule is ruptured before surgery or tumors on the ovarian or fallopian 

tubal surface, and substage IC3 disease has malignant cells in the ascites or peritoneal 

washing. Stage II disease involves both ovaries or fallopian tubes and has pelvic 

extensions or peritoneal infiltrates; substage IIA disease has spread to the uterus, 

substage IIB disease has spread to other pelvic intraperitoneal tissues. Stage III 

disease, in addition to involving both ovaries/fallopian tubes or presenting with 

peritoneal cancer, has spread outside the pelvis into the peritoneum and/or has 

metastasized to the retroperitoneal lymph nodes. Substage IIIA1 disease has spread 

only to the retroperitoneal lymph nodes [substage IIIA1(i) disease has metastasis 

measuring up to 10 mm, and substage IIIA1(ii) disease has metastasis measuring 

more than 10 mm], substage IIIA2 disease has microscopic extrapelvic peritoneal 

spread, substage IIIB disease has macroscopic extrapelvic peritoneal metastasis 

measuring up to 2 cm in the largest measurement, and substage IIIC disease is similar 

to substage IIIB disease except the largest measurement of metastasis is more than 
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2 cm. Substages IIIB and IIIC disease can also present with metastasis to the 

retroperitoneal lymph nodes. Substage IIIC disease may also extend to the liver or 

splenic capsule without penetrating it. Stage IV disease has distant metastasis; for 

example, in substage IVA disease, there is pleural effusion with malignant cytology, 

and in substage IVB disease, there are parenchymal metastases and/or metastases to 

extra-abdominal organs, including inguinal and extra-abdominal lymph node 

infiltration. (Berek et al FIGO 2018) 

Inherited factors are found in up to 20% of patients with ovarian cancer. The 

breast cancer associated genes BRCA 1 and 2 are known to cause most cases of 

hereditary OC. Approximately 10-15% of cases of OC can be explained by these 

mutations, and BRCA1 is in general twice as common as BRCA2. However, in the 

Finnish population, BRCA2 is more common. BRCA mutations usually lead to 

HGSC, and even without a family history of OC and/or breast cancer, patients with 

HGSC should be tested for these mutations. HNPCC is also known to cause ovarian 

cancer, in addition to endometrial cancer, in approximately 2% of cases. Usually, OC 

associated with Lynch syndrome is endometrioid or clear cell according to histology 

and is stage I disease. There are also a number of other mutations that are responsible 

for a small proportion of OC cases. Mutations generally prevent the normal function 

of genome repair genes and allow cancerous mutations to survive. (Sarantaus et al. 

2001; Hennessy et al. 2009; Webb et al. 2017) 

Poor prognostic factors enable the identification of patients who are likely to 

develop recurrent or treatment-resistant disease. These factors include age >65 years, 

clear cell or mucinous histology, advanced stage disease, large residual tumor volume, 

lower global QoL score and high-grade disease. (Permuth-Way and Sellers 2009; 

Hennessy et al. 2009; Webb et al. 2016; Capriglione et al. 2017; Berek et al. 2018; 

NICE ovarian cancer overview 2019) 

2.2.2 Treatment 

Along with the histology, grade and stage of the disease, residual disease after 

cytoreductive surgery is an important predictor of a patient’s prognosis. These 

factors also determine a patient’s treatment options. Therefore, a staging operation 

in apparent Stage I disease is important, as 20-25% of the patients have occult 

metastases. For patients with advanced Stage III-IV disease, open primary debulking 

surgery aiming at zero residual disease is essential. In cases where according to the 

preoperative assessment, primary debulking surgery is not possible, neoadjuvant 
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chemotherapy followed by interval debulking surgery should be considered. Since 

most OCs are found at an advanced stage, adjuvant chemotherapy follows the 

surgical treatment, and chemotherapy is the only choice of treatment in patients with 

inoperable disease. Although even advanced stage HGSC responds to chemotherapy 

in approximately 80% of patients, recurrence occurs in 70%. (Capriglione et al. 2017; 

Berek et al. 2018). 

2.2.2.1 Surgery 

As stated above, a proper staging operation is crucial even in apparent early-stage 

disease to minimize the risk of neglecting the presence of unnoticed and subclinical 

metastases. However, careful preoperative assessment must be performed for each 

individual, since complete cytoreductive laparotomy is prone to present risks for 

complications. Comorbidities, everyday life activities, nutritional status and general 

physical condition should be taken into account. (Trimbos 2017; Hacker, Rao 2017; 

Berek et al. 2018) 

In general, in patients with suspected malignant disease, staging is performed via 

laparotomy. The standard operation should proceed through the following steps: 

cytological sampling of the ascites or peritoneal washing, evaluation of all peritoneal 

surfaces, infracolic omentectomy, selective lymphadenectomy (pelvic and para-

aortic), biopsies of any suspicious lesions, peritoneal biopsies of normal surfaces 

from selected locations, appendectomy for mucinous tumors, total hysterectomy and 

bilateral salpingo-oophorectomy. (Trimbos 2017; Hacker, Rao 2017; Berek et al. 

2018) 

Even in early-stage disease, proper laparotomy staging has long been the primary 

treatment option. A laparoscopic approach has been purported to present the risks 

of capsule rupture, surgical spillage and port-site metastases and cannot be 

recommended. In addition, inspection of the bowel and peritoneal surfaces is more 

difficult, and peritoneal and bowel palpation cannot be performed. However, 

laparoscopic staging in apparent early-stage disease is gaining popularity, especially 

following primary surgery for tumors originally interpreted as benign. Thorough 

surgical staging is an independent factor that improves the patient’s prognosis in 

terms of both PFS and OS and may also eliminate the need for adjuvant therapy in 

true Stage IA disease. (Trimbos 2017; Hacker, Rao 2017; Berek et al. 2018) 

In advanced stage disease (III and IV), maximal cytoreduction is pursued, namely, 

debulking surgery. In primary or interval debulking, the aim is to remove all 

macroscopic disease. This approach may include bowel or liver resections, 
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splenectomy, peritonectomy and even removal of the cardiophrenic lymph nodes 

(ultraradical surgery) in addition to the procedures included in the standard surgery 

listed above. (Trimbos 2017; Hacker, Rao 2017; Berek et al. 2018) 

2.2.2.2 Medical treatment 

Patients who are adequately staged and have stage IA or IB grade 1-2 disease do not 

benefit from adjuvant chemotherapy. Beginning from stage IC and for higher-grade 

stage IA/B tumors, adjuvant chemotherapy is recommended for all patients. 

However, the patient’s condition, comorbidities and performance status are 

important to evaluate when adjuvant treatment is considered. 

The first-line chemotherapy is platinum-based (carboplatin or cisplatin) 

combined with a taxane (paclitaxel or docetaxel). In stage I disease, the number of 

cycles is usually 3 to 6, and for the more advanced stages, 6 cycles are used. In 

patients who have allergic reactions to paclitaxel, docetaxel may be used used instead. 

If a patient cannot tolerate a combination chemotherapy because of comorbidities 

or old age, a single-agent chemotherapy with carboplatin can be used. In any case, 

chemotherapy at an advanced stage is adjusted individually, making dose and drug 

modifications according to toxicity and tolerability. 

Bevacizumab is an antiangiogenic agent. Vascular endothelial growth factor 

(VEGF) induces pathological angiogenesis, which is the formation of new vessels 

and enables a tumor to grow without limitations. Bevacizumab, an anti-VEGF 

monoclonal antibody, blocks tumor growth by preventing angiogenesis. This drug is 

used for advanced-stage disease, started during chemotherapy and continued as a 

maintenance therapy. The main advantage has been an increase in PFS of 

approximately four months, both during the primary treatment of advanced-stage 

disease and in a recurrence setting. Yet, a subgroup analysis in patients with 

suboptimal stage III and IV disease and a poor prognosis has shown an almost 5-

month benefit in the mean OS and a 9-month benefit in the median OS. (Burger et 

al. 2011; Perren et al. 2011; Oza et al. 2015) 

In a recent report on the final OS of GOG-0218 by Tewari et al., no overall 

survival differences were found for patients who received bevacizumab compared 

with those who received chemotherapy alone. However, a significant difference in 

the median OS in the subgroup of patients with stage IV OC was found between 

those treated with concurrent plus maintenance bevacizumab and those treated with 

chemotherapy alone [42.8 vs 32.6 months, HR 0.75, (CI 95%, 0.59 to 0.95)] (Tewari 

et al. 2019) 
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In advanced-stage disease, neoadjuvant treatment with three to four cycles of 

chemotherapy followed by interval debulking surgery and postoperative 

chemotherapy decreases postoperative morbidity in patients with a poor 

performance status. (Ferrara et al. 2002; Oza et al. 2015; Hacker et al. 2017; Berek et 

al. 2018) 

Especially in patients with BRCA mutations, poly(ADP-ribose) polymerase 

(PARP)-inhibitors have shown promising efficacy as a first-line treatment. 

According to the SOLO-1 trial, olaparib decreased the risk of progression or death 

by 70% compared to placebo (HR 0.30; 95% CI 0.23 to 0.41). However, not only 

patients with BRCA mutations get benefit from PARP inhibitors. The PRIMA trial 

that recruited ovarian cancer patients in general reported that niraparib decreased 

the risk by 40% (HR 0.62; 95%CI 0.49 to 0.72). At least similar outcome was 

reported in PAOLA-1 trial for olaparib (HR 0.59; 95%CI 0.50 to 0.76). (Naumann 

et al. 2018; Gonzalez-Martin et al. 2019; Moore et al. 2018; Ray-Coquard et al. 2019)  

2.2.2.3 Other treatment options 

Intraperitoneal chemotherapy has also been used, mainly in the USA. However, the 

toxicity- and catheter-related problems of this approach have raised questions, and 

its advantages compared with regular chemotherapy are still controversial. 

Consequently, this treatment has never gained popularity in Europe. 

In young patients with stage I OC, fertility-preserving operative treatment can be 

considered after careful discussion with the patient. In this approach, the healthy 

ovary, fallopian tube and uterus are spared. (Trimbos 2017; Berek et al. 2018) 

2.2.2.4 Follow-up 

The purpose of follow-up is to detect recurrence; however, no evidence shows that 

frequent clinic visits improve QoL or OS. After follow-up every three months during 

the first year, follow-up visit intervals can be increased in the 2nd and 3rd years to 

every 4-6 months and finally annually after the 5th year. The likelihood of death due 

to OC decreases with time. (Dinklespiel et al. 2015; Berek et al. 2018) 

It is important to detect recurrence-related symptoms, treatment-related 

complications and supervise performance status. Follow-up includes clinical 

examination and radiological imaging. The measurement of CA 12-5 levels may 

provide an early warning of recurrence; however, in asymptomatic patients, this 
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biomarker should not be used alone to determine the next treatment steps. In a 

randomized study, there was no benefit in starting treatment for recurrence based 

only on increasing CA 12-5 values. The decision to continue chemotherapy or 

consider operative treatment should be based on all different factors, including 

symptoms, clinical and radiological findings, disease-free interval, overall condition, 

applied treatments and primary surgery results. (Rustin et al. 2010; Berek et al. 2018) 

2.2.3 Recurrent disease 

As mentioned previously, relapses occur in 70% of patients with OC. Clinical follow-

up visits are therefore recommended, and further investigations should be symptom-

based, not solely based on increasing CA 12-5 levels. Recurrence can present with 

symptoms or patient can be asymptomatic; sometimes recurrence is only detected 

with radiological imaging. If the disease-free interval from chemotherapy is less than 

six months, the OC in considered platinum resistant. If the treatment interval is more 

than 6 months, the disease is usually platinum sensitive. Diseases that progress 

during initial chemotherapy are thought to be platinum refractory. Continuing 

treatment for recurrent OC should be carefully assessed according to the extent of 

the disease, and the patient’s symptoms, condition and wishes should also be 

considered. Attention should also be paid to maintaining as good quality of life as 

possible. (Rustin et al. 2010; Mirza et al. 2016; Giornelli 2016; Tew 2016; Capriglione 

et al. 2017; Taylor and Eskander 2017; Berek et al. 2018; Moore et al. 2018) 

In platinum-sensitive recurrence, a combination of carboplatin and paclitaxel can 

be used. This combination has been shown to benefit PFS compared with 

carboplatin treatment alone. If paclitaxel has caused neurotoxicity, gemcitabine or 

pegylated liposomal doxorubicin (PLD) should preferably be used instead. (Berek et 

al. 2018) 

For platinum-resistant OC, there is no single recommendation for further 

treatment. The options include taking part in a clinical study; however, weekly 

paclitaxel produced a meaningful median OS of approximately 12 months according 

to a subgroup analysis of the Aurelia trial (Pujade-Lauraine et al. 2014). PLD, 

topotecan, etoposide and gemcitabine may also be used, albeit with a very modest 

response. New agents are continuously being studied. (Berek et al. 2018) 

If bevacizumab has not been used in the primary treatment, this agent can be 

used for recurrent disease. In addition, with this second-line treatment, an 

approximately four month PFS benefit has been shown. The greatest benefit is 
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gained in platinum resistant disease by combining bevacizumab with weekly 

paclitaxel, which doubles the OS gained with weekly paclitaxel alone. In terms of 

overall survival, a benefit of almost five months has been shown in platinum-

sensitive recurrence. (Aghajanian et al. 2012; Pujade-Lauraine et al. 2014; Coleman 

et al. 2017; Berek et al. 2018) 

PARP inhibitors have been studied also in recurrent, high-grade serous OC. A 

significantly prolonged disease-free interval has been reported. The evidence 

supports the use of PARP inhibitors in patients with platinum-sensitive recurrence 

as maintenance therapy following chemotherapy or as monotherapy in recurrent OC 

in some patients. Patients with BRCA mutations have been proven to derive the 

greatest benefit from PARP inhibitors. However, the benefit is almost as good in 

patients with non-BRCA disease with homologous recombination defects (the so-

called BRCAness phenotype). (Mirza et al. 2016; Taylor and Eskander 2017) 

A minority of selected patients, mainly patients with localized solitary recurrence, 

benefit from secondary surgical debulking. Patients benefit at least in terms of PFS 

if there are only 1-2 sites of disease and their condition allows surgery that results in 

a complete removal of the tumor foci. If a patient undergoes secondary 

cytoreductive surgery, chemotherapy is recommended postoperatively. (Berek et al. 

2018) 

Immunotherapeutic aspects have also been studied in OC, as in EC. Selected 

patient groups may benefit from these treatments, but it has not yet been clearly 

demonstrated which patient group benefits most from these approaches. The field 

therefore needs further clinical investigation. (Ventriglia et al. 2017) 

Recurrent disease is basically not curable. Sometimes good symptom-based care, 

namely, palliative care, is the best option for the patient. In particular, in older 

patients, chemotherapy may create worse toxicity than in younger patients and lead 

to poorer outcomes. Quality of life should be valued in these situations. (Giornelli 

2016; Mirza et al. 2016; Tew 2016; Taylor and Eskander 2017; Capriglione et al. 2017; 

Berek et al. 2018; Moore et al. 2018) 

2.2.4 Costs 

OC is one of the most expensive cancers to treat in women. The costs of active OC 

treatment include costs associated with surgery, chemotherapy, targeted drugs and 

follow-up visits. During the first year after diagnosis, the first six months account 

for significant portion of the expenses. (Kwon et al. 2017; Bercow et al. 2017) 
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As previously discussed in the chapter about EC costs, standard first-line 

chemotherapy is relatively inexpensive in Finland, and platinum-taxane treatments 

are also considered cost-effective internationally (Kapiainen et al. 2014; Poonawalla 

et al. 2015). However, as OC is often diagnosed at an advanced stage, most women 

require second- and further-lines of chemotherapy. A longer treatment period 

increases all costs related to treatment (laboratory tests, imaging studies, clinic visits, 

treatment of complications, et cetera) and costs related to more expensive 

chemotherapeutic agents. In the review by Poonawalla et al., most chemotherapies 

were still found to be cost-effective. (Poonawalla et al. 2015) 

Bevacizumab is relatively expensive and its cost effectiveness has been widely 

debated. The drug itself, not its administration or complications, presents the most 

significant costs. (Cohn et al. 2011; Poonawalla et al. 2015; Chappell et al. 2016; 

Hinde et al. 2016; Neyt et al. 2018; Suidan et al. 2019) Biosimilars have been created 

for bevacizumab, and some have already been approved for marketing. The original 

patent for bevacizumab has not yet expired in Europe, but it expired in the United 

States in July 2019. This expiration is likely to mean a future reduction in 

bevacizumab prices. (Serna-Gallegos et al. 2018; www.gabionline update 2019) 

In the FDA approval of bevacizumab for platinum-resistant recurrent OC, 

bevacizumab dosing at 10 mg/kg biweekly presented an ICER of 160,000 USD. 

When dosing was elevated to 15 mg/kg and the cycle prolonged to every three 

weeks, the ICER was 100,000 USD. The benefit gained with bevacizumab was 

approximately three months in the analysis by Chappell et al. (Chappell et al. 2015) 

PARP inhibitors, including niraparib and olaparib, have shown efficacy, especially 

in patients with BRCA mutations. However, these treatments are new, and as 

mentioned previously, new cancer treatments present higher costs. A study by 

Zhong et al. presented a cost-effectiveness analysis of niraparib and olaparib as 

maintenance therapy in patients with a platinum-sensitive ovarian cancer recurrence. 

Both therapies exceeded the willingness-to-pay threshold of 100,000 USD, 

presenting an ICER of approximately 250,000 USD, when compared to placebo. 

The use in patients with BRCA mutations provides a better cost-effectiveness status, 

yet the ICER of approximately 200,000 USD still significantly exceeds the 

willingness-to-pay threshold. However, Guy et al. demonstrated a cost-effectiveness 

analysis in which niraparib treatment fell below the willingness-to-pay threshold 

when compared to routine surveillance in the United States or an ICER of 

69,000 USD in patients with BRCA mutations. In this study, niraparib was also the 

most cost-effective choice compared with olaparib and rucaparib. However, the 

presented treatment costs were still rather high when not compared with QALY: for 

http://www.gabionline/
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routine surveillance, the cost was 95,600 USD; for niraparib, the cost was 

396,800 USD; for olaparib, the cost was 405,600 USD; and for rucaparib, the cost 

was 595,500 USD. These results might differ internationally considering that the 

active treatments were compared with rather costly routine surveillance. (Zhong et 

al. 2018; Guy et al. 2019) 

Because of the high cost of the treatments, different methods have been tested 

to reduce the cost burden of OC. Diagnostic laparoscopy before cytoreductive 

surgery to help to avoid futile laparotomy has been shown to benefit patients in 

terms of QoL while not increasing treatment costs (van de Vrie et al. 2017). 

Neoadjuvant therapy and subsequent surgery compared with primary debulking has 

been debated from both sides and may either be cost-effective or not in patients with 

advanced epithelial OC; Forde et al. found support for primary debulking in 2016, 

and Cole et al. found support for neoadjuvant treatment in 2018 (Forde et a.l 2016; 

Cole et al. 2018). Testing for the presence of BRCA mutations in all patients with 

epithelial OC has been considered to be cost-effective in the UK. This treatment has 

been calculated to result in lower breast and ovarian cancer incidence rates in first-

degree relatives of patients with BRCA-positive OC, as well as lower treatment costs, 

lower cancer related mortality and higher QoL in patients themselves. (Eccleston et 

al. 2017) Screening for ovarian cancer by vaginal ultrasound and CA 12-5 tests has 

not been proven to be worth the expense. On the other hand, the reduction in OC 

incidence related to opportunistic salpingectomy, salpingectomy concomitant to 

hysterectomy and salpingectomy as a means of surgical sterilization has been 

considered cost-effective. (Falconer et al. 2015; Dilley et al. 2017; Kwon et al. 2017) 

Preventive strategies may help to reduce the societal costs of OC in the future 

(Eccleston et al. 2017; Kwon et al. 2017, Dilley et al. 2017). However, new 

therapeutic agents have been introduced, but generic or biosimilar drugs for these 

new inventions are not yet available; thus, until the original patents expire, the 

treatment costs may not decrease. (Poonawalla et al. 2015; Neyt et al. 2018) 

2.3 Renal cell cancer 

In 2018, 403,262 new kidney cancers were diagnosed (Table 1), and kidney cancer 

ranked 16th in terms of mortality statistics and was responsible for 1.8% of cancer-

related deaths (WHO statistics). Cancer of the kidney parenchyma, which is the focus 

in this thesis, represents 80-90% of the renal cell cancers (RCCs), and it originates 

from the renal parenchyma and its tubules. The remaining portion of kidney cancers 
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are cancers of the renal pelvis, which are histologically transitional cell carcinomas. 

(Chow et al. 2010; Escudier et al 2019) 

The highest incidence of RCC globally is in the U.S. and in Scandinavia. An 

increase has been seen in the incidence of RCC; however, the five-year survival rate 

has improved significantly. (Johansson, Axelson 2013; Capitanio, Montorsi 2016). 

In Finland, there were 981 new kidney cancers and 328 RCC-related deaths in 

2017. The death rate has varied between 300 and 400 since 1993, while the incidence 

has increased more rapidly from the 1980s and again from 2007. The one-year and 

five-year survival rates have been 81% and 67%, respectively. The five-year survival 

rate has been increasing steadily to this level. Most new cases are diagnosed in 

patients older than 60 years, with the greatest incidence in the age group 65-69 years. 

(Finnish Cancer Registry) 

Cigarette smoking, including active and passive smoking, is the number one risk 

factor for RCC. Other known risk factors include obesity and hypertension. The 

male to female ratio is 2:1, and heritage accounts for 2-3% of RCC cases, mainly due 

to von Hippel-Lindau syndrome. Patients with end-stage renal disease also have an 

increased risk of RCC. Fruit and vegetable consumption is considered to be a 

protective factor, while red meat consumption is another risk factor. Exposure to 

carcinogens has also been thought to be a risk factor, but the roles of this factor and 

dietary components are debatable. However, the connection between 

trichloroethylene, which is used to decaffeinate coffee, and an increased risk of RCC 

has been proven. (Motzer et al. 1996; Rini et al. 2009; Capitanio, Montorsi 2016; 

Escudier et al. 2019)  

2.3.1 Diagnostics and characteristics 

A few decades ago, RCC was most often diagnosed at an advanced state, since this 

disease caused very few symptoms. However, the increased use of CT and 

ultrasound for abdominal imaging has led to more incidental discoveries of RCC; 

these modalities are currently the major method of diagnosing RCC, resulting in 65% 

of cases identified at a localized stage. Nevertheless, approximately 17% of RCCs are 

diagnosed as metastatic disease. (Motzer et al. 1996; Rini et al. 2009; Sunela et al. 

2009; Escudier et al. 2019) 

If findings occur or symptoms are present, they include hematuria, pain in the 

kidney region and a palpable mass. These three previously mentioned are called the 

classical triad and are not as frequently found as in the past because of the increase 
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in incidental identification. Paraneoplastic disorders, such as hypertension, 

hypercalcemia, anemia and weight loss, are rather common, since this cancer can 

sometimes produce hormone-like and/or cytokine-like biological substances. 

(Motzer et al. 1996; Rini et al. 2009; Sunela et al. 2009; Escudier et al. 2019) 

Physical examination only plays a small diagnostic role, but when a patient 

presents with a palpable abdominal mass, subjective symptoms, and a varicocele or 

edema in the lower extremities as new findings, CT or MRI should be considered to 

rule out RCC. These imaging techniques are more accurate and specific RCC 

diagnostics than ultrasound. CT or MRI can reveal possible metastatic disease and 

allow estimation of local invasion and lymph node involvement. If RCC is suspected, 

serum creatinine, hemoglobin and blood cell counts, lactate dehydrogenase, C-

reactive protein (CRP) and calcium levels should also be measured. (Rini et al. 2009; 

Escudier et al. 2019 

The diagnosis is currently based on a histological specimen. A biopsy from an 

occult renal lesion is recommended to discriminate RCC from renal metastasis, 

lymphoma, abscesses and benign cysts, especially if ablation is considered. 

Histological verification enables choosing the proper treatment, particularly in a 

metastatic setting. (Motzer et al. 1996; Rini et al. 2009; Capitanio, Montorsi 2016; 

Shingarev, Jaimes 2017; Escudier et al. 2019) 

RCC is classified by its morphology, genetic characteristics and molecular 

pathways. The WHO lists the following sixteen subtypes of renal cell tumors: 1. clear 

cell adenocarcinoma, 2. multilocular cystic, 3. papillary, 4. hereditary leiomyomatosis 

and renal cell carcinoma-associated, 5. chromophobe, 6. collecting duct carcinoma, 

7. renal medullary carcinoma, 8. MiT family translocation carcinoma, 9. succinate 

dehydrogenase-deficient, 10. mucinous tubular and spindle cell carcinoma, 11. 

tubulocystic, 12. acquired cystic disease-associated, 13. clear cell papillary, 14. 

unclassified, 15. papillary adenoma and 16. oncocytoma. Clear cell RCC accounts for 

80% of these subtypes, and together with papillary and chromophobe types, these 

classes include up to 85-95% of renal cancers. (Moch 2013; Johansson, Axelson 

2013; Capitanio, Montorsi 2016; Escudier et al. 2019) 

Because RCC is characterized by hematogenous dissemination, it metastasizes 

early in the course of disease. Disseminated disease is usually found in the lungs, 

bone and brain. The adrenal glands, the other kidney and the liver may also be sites 

of metastasis. (Capitanio, Montorsi 2016) 

Gene mutations account for 2-3% of RCCs. Von Hippel-Lindau syndrome is the 

most common of these genetic disorders and is known to increase the risk of clear 

cell RCC. In a study by Nickerson et al., the majority of clear cell RCCs were 
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considered to be derived from von Hippel-Lindau gene alterations. Mutations in this 

area cause the tumor suppressor gene to inactivate, leading to overexpression of 

VEGF and platelet-derived growth factor (PDGF); this enables excessive 

angiogenesis and can result in tumor growth. (Maynard, Ohh. 2004; Nickerson et al. 

2008; Escudier et al. 2019) 

According to the International Society of Urological Pathology (ISUP) and WHO 

consensus, the prognostic factors include histologic subtype, nucleolar grade in clear 

cell and papillary RCC, sarcoimatoid and/or rhabdoid differentiation, presence of 

necrosis and microvascular invasion, pathological tumor, node and metastasis 

(pTNM) stage and description of nonneoplastic renal tissue. All these evaluations 

are necessary, since the prognosis of RCC is unpredictable based on histology alone. 

Because of this unpredictability, different types of risk assessment models have 

been created to evaluate the prognosis and risk of an individual patient. For localized 

disease, no model is better than another. However, in advanced disease, the 

Memorial Sloan Kettering Cancer Center (MSKCC) system is commonly preferred, 

and this system used to be the golden standard for risk assessment in metastatic RCC 

(mRCC). The International Metastatic RCC Database Consortium (IMDC) created 

a modified model, which is nowadays standard in risk evaluation and treatment 

selection for advanced disease (Table 4). (Molina, Motzer 2011; Moch 2013; Escudier 

et al. 2019) 

The Union of International Cancer Control (UICC) has created a tumor, node 

and metastasis (TNM) staging system, of which system 8 is recommended for use in 

the staging of RCC. Generally, this system introduces the size and invasion of the 

tumor (from TX = cannot be assessed to T4 = tumor invades beyond Gerota’s 

fascia), regional lymph node invasion (NX = cannot be assessed, N0 = no regional 

lymph node metastasis, N1 = metastasis in regional lymph nodes) and the presence 

of distant metastasis (M0 = no distant metastasis, M1 = distant metastasis). Stage I 

disease is a tumor measuring less than 7 cm (T1: T1a ≤4 cm, T1b >4 cm/ <7 cm) 

in diameter that is limited to the kidney without lymph node involvement or distant 

metastasis. Stage II disease is also limited to the kidney, but the tumor is 7-10 cm 

(T2a) or >10 cm in size (T2b), and the NM status is similar to stage I. Stage III 

disease involves either a tumor extending to the major veins or peripheral tissue (T3), 

but no disease is present in the lymph nodes, nor are metastases present, or these 

disease is N1 with a smaller tumor up to a T3 tumor. In stage IV disease, the tumor 

invades beyond Gerota fascia and might include the ipsilateral adrenal gland (T4, 

with any N but M0), or there is a metastatic site (M1 with any T or N). (Escudier et 

al. 2019) 
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In addition to staging, different risk models are used to divide the patients into 

good/favorable risk, intermediate risk and poor risk survival groups. (Moran et al. 

2019; Escudier et al. 2019) 

Table 4.  IMDC risk model for mRCC (also available at mdcalc.com) 

< 1 year from time of diagnosis to systemic therapy 

Karnofsky performance status < 80% 

Hemoglobin < lower limit of normal (~120 g/l) 

Corrected calcium > upper limit of normal (~8.5-10.2 mg/dl) 

Neutrophils > upper limit of normal (~2.0-7.0x109/l.) 

Platelets > upper limit of normal (~150 000 – 400 000 cells/µl) 

Interpretation: Yes = 1 point/no = 0 points 

0 points Good/favorable risk 

1-2 points Intermediate risk 

≥ 3 points Poor risk 

2.3.2 Treatment 

The main primary treatment of RCC is surgery. Drug therapy is used in mRCC and 

radiotherapy is mainly used as a palliative symptom-based option. Selection of 

treatment/treatments used is mainly dependent on the patient’s condition and the 

stage of the disease. In metastasized disease, based on the extent of the disease and 

clinical factors (Table 4), patients are divided into good risk, intermediate risk and 

poor risk groups. This risk guides also the selection of drug therapies. Active 

surveillance is also an option in elderly people with comorbidities or in patients with 

a short life expectancy and small solid tumors. Palliative care should also be kept in 

mind when a patient has a poor risk disease and the condition may be combined 

with a low performance status. (Escudier et al. 2019) 

2.3.2.1 Surgery or localized treatments 

The operative approach is dependent on the tumor size. For localized disease, 

operative treatment can be curative. T1 tumors measuring less than 7 cm can be 

operated by partial nephrectomy via open surgery or with traditional or robotic-

assisted laparoscopy. This approach preserves the patient’s kidney function and is 
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also recommended when the patient has poor renal function, only one kidney or 

bilateral tumors. Laparoscopic radical nephrectomy is an option if partial 

nephrectomy cannot be performed. (Escudier et al. 2019) 

For T2 tumors, radical nephrectomy is recommended. If the disease has reached 

a T3 or T4 size but is still local, open radical nephrectomy is the treatment of choice; 

however, in some cases, a laparoscopic approach can be considered. (Escudier et al. 

2019) 

Surgery is not the only option in patients with localized disease. If the patient has 

a small tumor measuring ≤3 cm in the renal cortex and has high surgical risk or has 

kidney function that is jeopardized, local treatments, such as radiofrequency ablation, 

microwave ablation and cryoablation, can be used. (Escudier et al. 2019) 

In mRCC, cytoreductive surgery can be considered in patients with a good 

performance status and low volume of metastatic disease who are initially eligible for 

observation. A meta-analysis by Flanigan et al. in which nephrectomy was compared 

with no nephrectomy during the IFN era at the beginning of the millennium, the 

median OS was 13.6 months in patients who received the combination of IFN plus 

nephrectomy compared with 7.8 months in patients who received IFN alone (HR 

0.69; p=0.002) (Flanigan et al. 2003). CARMENA study, however, showed that 

nowadays during tyrosine kinase inhibitor (TKI) era nephrectomy is no longer 

necessary (Mejean et al. 2018). Metastasectomy or other local treatments for 

metastasis can be used, and no systemic treatment is recommended after 

metastasectomy. Nevertheless, operative treatment for mRCC is rarely used 

currently, and the treatment is mainly TKIs- and/or immunotherapy. (Lyon et al. 

2019; Escudier et al 2019) 

2.3.2.2 Medical treatment 

Treatment for RCC is dependent on whether the disease is local or metastatic, and 

in metastatic disease, treatment is determined by a risk group analysis (Table 4). For 

local disease, adjuvant therapy with VEGF and PDGF-targeted therapies, sunitinib, 

sorafenib and pazopanib has been approved in the U.S. but not in Europe. (NCCN 

guidelines, Kidney Cancer, 2019) Adjuvant therapy in patients with localized disease 

has not shown any benefits in terms of OS. Therefore adjuvant therapy is not 

commonly used as the primary treatment of RCC. Before starting therapy for 

metastatic disease, an observation period may be recommended. This is especially 

the case in patients who have limited tumors and only few symptoms. (Escudier et 

al. 2019) 
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In most studies of mRCC, patients with clear cell cancer with a low tumor burden 

are the primary observed population; therefore, the recommendations may not be as 

straightforward for patients with other histological types of mRCC. Originally, 

mRCC showed high resistance to traditional chemotherapy, and since the 1990s, 

mRCC was treated with interferon-α (IFN-α) or interleukin-2 (IL-2). Response to 

these cytokines was poor (5-20%), and the median OS was low (approximately 12 

months). (Pyrhönen et al. 1999) The understanding of angiogenesis and the role of 

tyrosine kinase, VEGF and PDGF pathways in the beginning of the 21st century, has 

led to targeted therapies directed at these pathways, yielding improved PFS and OS 

in mRCC patients. Bevacizumab (an anti-VEGF antibody) has been found to 

prolong PFS in patients with mRCC patients, which has led to further discoveries in 

this treatment direction. A tyrosine kinase inhibitor (TKI) and VEGF and PDGF 

receptor inhibitor sunitinib (and sorafenib) were introduced shortly afterwards for 

mRCC treatment. Initially, these drugs yielded a 30-40% response rate, benefiting 

patients in terms of PFS and OS. Numerous other TKIs have also been developed, 

such as pazopanib, axitinib, dovitinib and cabozantinib. Tivozanib, a selective VEGF 

inhibitor, has been compared with sorafenib, and it has shown improved PFS. (Yang 

et al. 2003; Motzer et al. 2007; Molina, Motzer 2011; Funakoshi et al. 2014; Ruiz-

Morales et al. 2016; Moran et al. 2019) 

Immunotherapies offer another approach for treating mRCC. The targets for 

these therapies include the programmed cell death 1 (PD-1) pathway, a cytotoxic T 

– lymphocyte – associated antigen 4 (CTLA – 4) and the programmed cell death-

ligand 1 (PD – L1) pathway. The PD – 1 checkpoint inhibitor nivolumab (35% 

response rate), combined with ipilimumab to yield a 40% overall response rate, 

CTLA – 4 checkpoint inhibitor ipilimumab (12,5% response rate) and PD – L1 

inhibitor atezolizumab have been studied alone, as combinations and in combination 

with sunitinib in the treatment of mRCC. (Motzer et al. 2018; Atkins, Tannir 2018) 

In a recent publication by Motzer et al., the combination of nivolumab plus 

ipilimumab was compared with sunitinib in patients with intermediate- and poor-

risk advanced RCC. The benefit of the combination was significant in terms of OS 

(HR 0.66, CI0.54-0.80, p<0.0001) at 26.6 months in the sunitinib group, while the 

OS of the combined group was not reached within the follow-up period of 32.4 

months. In addition complete response rate with the combination was significantly 

higher (9% vs 1%). (Motzer et al. 2019) 

Mechanistic target of rapamycin (mTOR) is a protein kinase. The activation of 

mTOR promotes tumor growth and creates metastases. Therefore, mTOR 

inhibitors, such as everolimus and temsirolimus, have also been investigated 
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individually and compared with immunotherapies. These inhibitors were found to 

offer some OS benefit, but they are also associated with the development of 

resistance. (Motzer et al. 2015; Hua et al. 2019; Escudier et al 2019) 

The ESMO guidelines approach treatment suggestions for first-line treatment of 

clear cell mRCC through risk evaluations. For good-risk patients, sunitinib, 

pazopanib, bevacizumab combined with IFN-α or tivozanib are standard treatment 

choices. Optional treatments include high-dose IL-2 or bevacizumab combined with 

IFN-α. For patients with intermediate-risk, the standard care is a combination of 

nivolumab and ipilimumab. The options include cabozantinib, sunitinib, pazopanib, 

tivozanib or bevacizumab combined with IFN-α. For poor-risk patients, nivolumab 

and ipilimumab are combined in standard care, while the optional treatments include 

cabozantinib, sunitinib, pazopanib and temsirolimus. (Escudier et al. 2019) 

Second-line treatment is based on the applied first-line treatment. If any TKI is 

the initial choice, treatment can proceed with the TKI cabozantinib or the 

checkpoint inhibitor nivolumab. The TOR inhibitor everolimus, as are the TKI 

axitinib or the TKI lenvatinib combined with everolimus, are optional. If first-line 

treatment has included combination immunotherapy, any TKIs, as well as a 

combination of lenvatinib and everolimus, can be used. The choice of first- and 

second-line treatments is primarily the standard option but is also dependent on what 

is available. (Escudier et al. 2019) 

If a patient needs further lines of treatment, each treatment should be individually 

planned and based on the first- and second-line treatment choices. The models for 

recommended treatments mainly include the previously mentioned second-line 

treatments, as shown in a recent study by Auvray et al. This study found that even 

after a combination of nivolumab-ipilimumab, patients may still significantly benefit 

from TKIs. (Auvray et al. 2019; Escudier et al. 2019) 

Evaluations of mRCCs other than clear cell carcinoma are very limited based 

mainly on phase two trials or retrospective data. Therefore, the ESMO guidelines 

recommend that patients be enrolled in clinical trials. Sunitinib has been shown to 

be favorable in subgroup analyses from larger studies; however, all other treatments 

have also shown benefit in clinical studies. Papillary histology-type cancer is the only 

one in which standard care including sunitinib or pazopanib should be provided 

according to the guidelines. Additionally, cancers with collecting duct histology 

might benefit from cisplatin-based treatment. (Escudier et al. 2019) 
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2.3.2.3 Follow-up 

No follow-up protocol has proven to be better than any others in clinical studies, 

but follow-up is recommended for the first two years after treatment, which is when 

most recurrences occur. The ESMO guidelines suggest that high-risk patients have 

a thoracic and abdominal CT scan every 3 – 6 months for the first two years, whereas 

the recommendation for low-risk patients is annual CT scans for the first two years. 

When a patient is undergoing systemic therapy, a CT scan is recommended every 2-

4 months as a follow-up. As in the case of EC, there is no tumor marker for RCC. 

For localized disease, after operative treatment, the follow-up plan is based on the 

treatment options to be used if recurrence occurs. (Escudier et al. 2019; NCCN 

guidelines, Kidney Cancer, 2019) 

2.3.3 Costs 

The treatment costs for localized disease consist of surgery and a two-year follow-

up period mainly involving CT imaging. If calculated using the follow-up tests 

presented in the previous chapter (not including visits) and the average Finnish 

health care unit costs in 2011 (CT scan cost of 150-200 €), the cost of treatment for 

local RCC in Finland would be approximately 9,500 € for a high-risk patient (surgery 

+ CT every 4 months for 2 years) and 8,900 € for a low-risk patient (surgery + CT 

annually for 2 years). The average Finnish health care unit costs for the treatment of 

RCC are presented in Table 4. The chemotherapy treatment costs include the 

necessary personnel, clinic setting, necessary basic tools and basic medication but do 

not include the treatment costs of new expensive drugs. (Kapiainen et al. 2014; Chien 

et al. 2018). 

Internationally, cost comparisons between open surgery, robotic-assisted 

laparoscopy and traditional laparoscopy in patients with local RCC are incoherent. 

However, in partial nephrectomy, minimally invasive techniques have shown a cost 

benefit over open surgery. (Chien et al. 2018) 

The burden of costs in the treatment of mRCC is related to expensive drugs, and 

it seems to be increasing, since mRCC does not respond well to traditional 

chemotherapies. Therefore, there are relatively few “old” inexpensive or biosimilar 

treatment options available. Cost-effectiveness analyses have been increasingly 

reported with clinical studies and mainly include modeled approaches. Comparing 

cost analyses is not easy, since studies approach the expense setting slightly 

differently and use different thresholds for acceptable results. In addition, a drug 
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may yield a different response in different population, as reviewed by Deng et al., 

who reported that sorafenib may be more suitable for Asian patients, and sunitinib 

may be more suitable for European patients. These differences also influence the 

cost-effectiveness ratio. However, in the latest analyses of first-line treatment of 

mRCC, some conclusions have been made; pazopanib has been found to be the 

most cost-effective, and sunitinib was found to be the second-most cost-effective, 

over a combination of bevacizumab and IFN-α as well as over sorafenib. Nivolumab 

combined with ipilimumab had an ICER of 108,363 USD/QALY and was 

considered cost effective by Wan et al. when using the threshold of 100,000-

150,000 USD in unselected mRCC patients. However, in another study by Reinhorn 

et al. of intermediate- and poor-risk patients, the ICER was 125,739 USD/QALY. 

(Chien et al. 2018; Shih et al. 2019; Deng et al. 2019; Wan et al. 2019; Vargas et al. 

2019; Reinhorn et al. 2019) 

For second-line treatments, similar conclusions are more difficult to draw. Some 

cost-effectiveness analyses have been performed for the second-line treatment of 

mRCC; however, different styles were used. Nivolumab (ICER 

146,532 USD/QALY) has been shown to be more cost-effective than everolimus 

(ICER 226,197 USD/QALY) (Sarfaty et al. 2018). A Swedish group compared the 

costs of treatment of patients diagnosed with mRCC before targeted therapies, early 

in the introduction of targeted therapies and when targeted therapies were well-

established treatments. These authors found that targeted therapies were cost-

effective over time. (Redig et al. 2019)  

Table 5.  Finnish health care unit costs of 2011, concerning RCC (Kapiainen et al. 2014) 

Treatment Cost €/treatment 
period 

# treatment days 
included 

Operation  8,596 9.3 

Radiotherapy 4,220 8.3 

Regular chemotherapy protocol 1,386 2.8 

Demanding chemotherapy 3,491 3.0 
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3 AIMS OF THE STUDY 

The aim of this study was to evaluate the costs related to relatively expensive 
treatment modalities in endometrial cancer, ovarian cancer and metastatic renal cell 
cancer. The specific aims were the following: 

 Are there differences between traditional laparoscopy and robotic assisted 
laparoscopy regarding operative costs in patients with endometrial cancer? 

 How much does bevacizumab influence the costs of ovarian cancer 
treatment? 

 What are the costs of first-line interferon-α treatment and what is the 
change in cost burden compared to the new targeted therapy era of 
patients with metastatic renal cell cancer? 

 What is the role of sunitinib in the treatment costs and quality of life in 
patients with metastatic renal cell cancer? 
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4 PATIENTS, MATERIALS AND METHODS 

4.1 Patients and original study designs 

Table 6.  Patients and the original study designs. All of the cost calculations were performed 
retrospectively. 

Study no. Patients Treatments Study design 

I 101 EC patients Traditional 
laparoscopy (n=51) 

Robotic-assisted 
laparoscopy (n=50) 

Prospective 
randomized 

II 75 OC patients Focus on bevacizumab Retrospective 
observational 

III 83 mRCC patients Focus on interferon-α Retrospective 
observational 

IV 81 mRCC patients Focus on sunitinib Prospective 
observational 
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4.2 Methods 

4.2.1 Study I: Robotic-assisted vs. traditional laparoscopy 

The original study design randomized 101 EC patients into two arms: traditional 

laparoscopy and robotic-assisted laparoscopy. All data on the operations and 

postoperative period of up to six months were recorded. The costs of these 

treatments were retrospectively calculated based on the hospital’s internal accounting 

and billing system, hospital purchase costs and yearly expense data of 2012. In 

addition, the amortization of the robot console and traditional laparoscopy towers 

were included in the calculations. In the final calculations, costs concerning operative 

personnel, operation room (OR), equipment related to the operating room, 

instrumentation, operation medication, post-anesthesia care unit (PACU), inpatient 

stay, laboratory tests, blood products, imaging studies and general hospital costs were 

taken into account. Complications were defined as unscheduled contacts with health 

services, related imaging studies, readmissions and operative treatment. These costs 

were calculated separately from the costs of the initial operative treatment. 

4.2.2 Study II: Bevacizumab in ovarian cancer 

A cohort of patients diagnosed with epithelial ovarian cancer during the years 2011 

and 2012 was chosen as the study population, and this cohort included a total of 75 

patients. The endpoint for follow-up was 31.12.2017. The data were retrospectively 

collected from the patient files during 2017 and 2018 on a structured form. The data 

collected included information about the diagnosis, original operative treatment, 

chemotherapy, other medication concerning treatment, bevacizumab treatment and 

all follow-up visits. The cost calculations included chemotherapy, bevacizumab, 

follow-up visits, laboratory and imaging studies, on-call visits, inpatient stay and use 

of granulocyte-colony stimulating factors (G-CSF). For cost calculations, data 

derived from internal management accounting systems used yearly expense data and 

national market prices from Pharmaca Fennica for G-CSF. Only the costs during 

chemotherapy and bevacizumab treatment, and the costs concerning the 

Department of Obstetrics and Gynecology, were calculated and included in the final 

analysis; the operative treatment was omitted. The aim was to analyze the costs of 

the treatment and to determine the main variable influencing the costs. 
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4.2.3 Study III: Interferon-α in mRCC 

As the basis and background, the information about treatment and survival and the 

cost of treatment, concerning mRCC patients receiving first-line IFN-α treatment, 

were retrospectively collected. Models of the future burden of mRCC were 

constructed based on the collected information regarding 83 locally studied patients, 

epidemiological data and a forecast of population growth. The impact of sunitinib 

was also included to predict the cost burden. The implemented costs were regionally 

adjusted Finnish unit costs and real-valued amounts using the official health care 

price indexed to the year 2008. The costs of medication were derived from Pharmaca 

Fennica. 

The statistical information of the Finnish Cancer Registry, gender-specific 

expected lifetimes and future population projections were used to estimate the future 

RCC incidence and life years lost due to the disease. Productivity loss was estimated 

using the time from the diagnosis to retirement and the assumption that the patient 

would not return to work after the diagnosis. The model for future costs realized 

drug prices, treatment protocols for INF-α and sunitinib, and an understanding of 

the natural history of mRCC and therefore conveyed the prevalence of patients with 

different disease stages.  

 

4.2.4 Study IV: Sunitinib in mRCC 

From five different hospitals, 81 mRCC patients receiving first-line sunitinib were 

recruited. The study itself did not interfere with the patients’ treatment. An informed 

consent was obtained from all patients. The quality of life was measured with two 

different questionnaires: 15-D and EQ-5D-3L. The questionnaires were completed 

at baseline and at specific time points during the sunitinib treatment. During the 

treatment, patient data were collected on a structured form and included background 

information in addition to treatment details. Follow-up ended either on 30.11.2014, 

or when the sunitinib treatment was ended. The costs of the treatment were 

calculated using average Finnish health care unit costs or costs regarding the unit of 

concern. The cancer medication costs were calculated with retail prices and/or based 

on prices from Pharmaca Fennica. 
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4.3 Statistical aspects 

Study I: Because of the skewed distributions and outliers concerning the results, the 

costs were presented in terms of the medians (Md) and interquartile ranges (IQR). 

Differences between traditional and robotic-assisted laparoscopic surgical costs were 

analyzed by the nonparametric independent-samples Mann-Whitney U test. 

Categorical variables were tested by Pearson’s chi-square test or by Fisher’s exact 

test if the expected values were too small. Statistical analyses were performed with 

IBM SPSS Statistics version 23 (IBM Corp., Armonk, NY). P-values less than 0.05 

were considered statistically significant. 

Study II: The distributions of cost factors are shown by the medians with 

interquartile ranges (IQR) due to the skewed distributions and outliers. Differences 

between categorical patient characteristics were tested by Pearson’s chi-square test 

or Fisher’s exact test. Due to the skewed distributions, continuous patient factors 

were analyzed by the Mann-Whitney test. Analyses were performed using IBM SPSS 

Statistics for Windows (version 23.0, IBM Corp., Armonk, NY, USA). 

Study III: A statistical package (SPSS 14.0) and a spreadsheet (MS Excel) were 

used for data management and analyses. Kaplan-Meier analysis was used in the 

survival estimates, and linear regression in defining the determinants of treatment 

costs. 

Study IV: The minimum clinically important change or difference in the 15D 

score has been estimated to be ±0.015 on the basis that people on average can feel 

such a difference. The HRQoL measured with the 15D questionnaire was compared 

to a sample of the age- and gender-standardized general population based on an 

earlier National Health Survey. 

4.4 Ethical aspects 

The cost studies and calculations did not interfere with the patients’ treatment in any 

way. The Declaration of Helsinki was the basis of ethical considerations. Ethical 

approval was received from the Research Ethics committee of Tampere University 

Hospital for the different studies (Identification codes Study I: ETL R10081, Study 

II: R17126, and Study IV: R09045). The clinical studies were registered in the Clinical 

Trials database (no. I: NCT01466777, no. IV: NCT00980213). Informed consent 

was obtained for the original study designs in Studies I, III and IV. According to 
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good clinical practice guidelines during the time, Study III was approved by the chief 

physicians of the Turku and Tampere University hospital districts. 
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5 RESULTS 

5.1 Study I: Robotic-assisted vs. traditional laparoscopy 

The median cost of robotic-assisted laparoscopy was 7,415 €, which means that it 

was 1,928 € (35%) more expensive than traditional laparoscopy in the case of the 

standard operation for EC or hysterectomy, bilateral salpingo-oophorectomy and 

pelvic lymphadenectomy. When late complications concerning the six-month 

follow-up period were included, the median cost of the robotic-assisted laparoscopy 

was 7,983 €, and that of the traditional laparoscopy was 5,823 €. The main difference 

in the costs derives from the robotic instrumentation and the amortization of the 

robot console, which are presented in Figure 1 (page 1791) of the original article as 

variables “Instrumentation” and “Equipment and OR”. The shorter operation time 

utilized by the robotic arm was not enough to compensate for the difference in the 

costs, although there are many time-related costs in these operations. The more 

specific results are presented in Table 2 (page 1791) of the original article. 

5.2 Study II: Bevacizumab in ovarian cancer 

Of the 75 OC patients identified, 66 received chemotherapy and were included in 

the analysis. The median age at diagnosis was 66.6 years. In 24 of these patients, 

bevacizumab was included in the treatment, either as a first- or a later-line treatment. 

The patients treated with bevacizumab more often had Stage III or IV disease (23 

of the 24 patients in the bevacizumab group vs. 24 out of 42 in the non-bevacizumab 

group), more recurrences (88% vs. 17%, respectively), and longer treatments as 

expected, considering the nature of the disease (follow-up days, Md 662 vs. 139). 

Even though less than half of the patients (32%) received bevacizumab, this 

treatment represented the single largest relative expense of 47.1% when all costs of 

the 66 patients were taken into account. In the group of bevacizumab patients, the 

share of bevacizumab from the total treatment costs was 62.7%, with a total 

1,132,870 € for the 24 patients during the follow-up period. The median total costs 

of the entire treatment of a patient not treated with bevacizumab was 7,700 €, and 
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the median total costs of the entire treatment of a patient treated with bevacizumab 

was 82,542 €. These costs are presented in more detail in the table of the original 

article. While four patients had on-going treatment at the end of the follow-up, in 

total 41 (62%) patients had died, 19 (79%) in the bevacizumab group and 22 (52%) 

in the non-bevacizumab group. 

5.3 Study III: Interferon-α in mRCC 

Medication accounted for most of the treatment costs during active IFN-α 

treatment, comprising 60% of the total treatment costs. IFN-α accounted for 89% 

of the medication costs during the entire follow-up. After active treatment, the 

composition of costs changed radically, with medication comprising only 6% of the 

total costs. After IFN-α treatment, the main driver of cost was inpatient stay, 

comprising 79% of the non-medication costs. These costs are presented in more 

detail in Table IV of the original article (page 840). The burden of new RCC cases 

was estimated to increase by nearly 2% a year by 2020. The burden of mRCC IFN-

α treatment with 227 annual patients in the future would incur a cost of 15.6 M € 

during five years. If half of these patients were estimated to receive sunitinib 

treatment, it would increase the cost burden by an additional 2.7 M € per year. This 

additional cost can be considered to be a significant burden to society considering 

the limited number of mRCC patients. 

5.4 Study IV: Sunitinib in mRCC 

The major driver of cost in the treatment of these mRCC patients was the sunitinib 

medication itself, which accounted for 73% of the costs. The mean sunitinib 

treatment cost per patient was 22,268 €, ranging from 274 € to 105,121 €. Inpatient 

stay was the second largest expense, comprising 15.2% of the treatment costs. More 

results are presented in Table I of the original article (page 5561). The health-related 

quality of life (HRQoL) score was initially lower than in the age- and gender-

standardized general Finnish population, as presented in Figure 3 of the original 

article (page 5562), but it remained rather stable and was lower than that in the 

control group during the treatment. 
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6 DISCUSSION 

The costs of cancer treatment affect the health care service and the whole 

community in a substantial way. Cancer research is developing rapidly and leads to 

the introduction of new interventions, from molecular genetics to targeted therapies 

to advanced surgical techniques. As these new approaches emerge, it is crucial to 

study their financial impact along with the efficacy. Organizations such as the 

National Institute for Health and Care Excellence (NICE, www.nice.org.uk) have 

been created solely for the purpose of improving health care through evidence-based 

guidance. The Finnish Medicines Agency (FIMEA) is a rather similar national level 

organization in Finland. However, while cost-effectiveness is evaluated in trial 

setting, it is also important to produce real-time and real-life data regarding these 

costs as guidance for clinical practices. It is, however, notable that in Finland, cancer 

treatment costs have actually decreased per patient when comparing the expense 

levels of 2009 and 2014 (Torkki et al. 2018). Considering all these aspects, this thesis 

was planned to evaluate the total costs of EC surgery and both OC and mRCC 

medication, and the results showed a high cost burden of these newer treatment 

modalities (Studies I-IV). However, all these approaches present an advantage to 

individual patients. 

For this thesis these treatment modalities were chosen because all of them have 

been considered expensive during the time they were novel approaches. Sunitinib 

and bevacizumab are still expensive, and also robotic assisted surgery is still 

considered to be rather costly. All the studied drug treatments are anti-angiogenetic 

which gives the therapies a common nominator, even though they are not 

comparable. Robotic assisted surgery was included, because surgery is the 

cornerstone of endometrial cancer treatment. Robotic-assisted surgery was greeted 

with considerable enthusiasm by gynecologic surgeons, who switched from 

traditional approaches to the robot-assisted rather fast since its introduction. 

The main focus has been the direct costs related to the treatment. We have mostly 

ruled out the non-healthcare related societal costs, since the evaluation and 

calculation of these costs in these study designs would not have been reliable. 

Furthermore the costs related to treatments at the referral hospital can be more 

reliably evaluated. The treatment of these patients also primarily takes place in the 

http://www.nice.org.uk/
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referral hospitals and therefore the cost calculations concerning these hospitals give 

valuable and rather accurate information on total treatment costs. 

6.1 Endometrial cancer 

The unique layout of our randomized study comparing traditional laparoscopy and 

robotic-assisted laparoscopy presents a true evidence-based comparison between 

these two treatment modalities. Because this type of comparison has not been 

previously performed, it makes the comparison of results rather difficult. For 

instance, this type of study does not exist for the surgical approach in prostate cancer, 

even though it is the most common cancer treated with robotic-assisted surgery 

(Schroeck et al. 2017). The main advantage, in terms of cost, of the robotic-assisted 

laparoscopy in EC compared to traditional laparoscopy is the advantage related to 

the conversion risk of traditional laparoscopy. Previously, the open and robotic-

assisted approaches have been shown to be the more expensive methods compared 

to traditional laparoscopy, as presented in the literature review in chapter 2.1.4. Our 

calculations of the five converted surgeries in the traditional group also apply to the 

expensiveness of an open approach. The converted surgeries presented a median 

cost of 7,149 € vs. the cost of the robotic-assisted operation of 7,415 €, while the 

cost for traditional laparoscopy was only 5,487 €. The cost difference was in line with 

other findings in the literature, indicating that traditional laparoscopy is less 

expensive. 

For the robotic-assisted approach to be less expensive, according to our study, 

the main variables worth influencing are the costs of the robot console and the 

robotic instrumentation. For these costs to diminish, the robot console should be 

used efficiently throughout the day, and the delays between the operations should 

be minimized. The instruments related to the robotic-assisted operation can only be 

used up to 10 times, while the practice instruments can be used up to 20 times. It 

would be worthwhile for the manufacturer to investigate if the actual instruments 

could be used more times. These actions could significantly influence the total costs 

and increase the usefulness of the approach, since the benefit for the patient and the 

surgeon have been proven in the literature (Schreuder and Verheijen, 2009; Ramirez 

et al. 2012). 
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6.2 Ovarian cancer 

Our mean cost for first-line bevacizumab was 52,766 €/patient (Md 57,800 €), which 

is comparable to the GOG-0218 trial results of a mean cost of 44,286 €. The mean 

cost of second-line treatment in our study was 36,060 € (Md 40,163 €), which is 

between the results of AURELIA (28,529 €) and OCEANS (53,591 €) trials, 

respectively. (Neyt et al. 2018). Even though the cost of bevacizumab is significant 

it is still lower than the costs of recent new innovations, such as PARP inhibitors as 

presented in the literature review in chapter 2.2.4, where the costs are between 

350,000 € (396,800 USD) and 540,000 € (595,500 USD). In addition, adverse events 

related to bevacizumab can increase the treatment costs. These costs also elevate the 

ICER and are incorporated in the NICE report (NICE guidelines). In our study, 

these costs were not separately analyzed or distinguished from the adverse events of 

the basic chemotherapy. The complications related to the basic chemotherapy might 

be more substantial than the costs of adverse events related solely to bevacizumab. 

However, most of the inpatient stay was due to adverse-events related to the 

treatment, chemotherapy and/or bevacizumab; therefore, our results present a 

rather accurate description of the treatment costs and of the adverse events. 

As Torkki et al. have shown, inpatient stay is the main cost driver (45-50%) in 

many cancers, such as lung, colorectal and non-Hodgkin lymphoma (Torkki et al. 

2018). We found similar results in our non-bevacizumab OC patients, in which 

inpatient stay comprised 44% of the treatment costs. The cost distribution was 

completely different in our bevacizumab OC patients, as the main driver of cost was 

the medication itself, representing 63% of the total treatment costs. Even in the 

second-line bevacizumab treatment, the proportion of the medication itself was 

49%. 

6.3 Metastatic renal cell cancer 
The cost of medication, especially the interferon-α, was determined to comprise 

most of the total costs during the active treatment period. The same was found in 

the sunitinib trial. However, it is notable in our studies that during the IFN-α 

treatment period, the median OS was only 11.9 months, and it already increased 

along with sunitinib treatment to 17.9 months, which was observed in our 

unpublished results. In the randomized study comparing sunitinib to the 

ipilimumab-nivolumab combination in intermediate- and poor-risk mRCC patients, 

the median OS of sunitinib-treated patients was 37.9 months while the median OS 
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of the combination treatment had not yet been reached during the extended follow-

up; the study is still ongoing (CheckMate 214 trial). Therefore, the patients do benefit 

from these treatments, even though their cost-effectiveness is not optimal. 

Since the IFN era, the drug costs have been the main driver of cost, even more 

so today. However, the treatment costs and the burden to society were previously 

much lower than the current levels when using a combined treatment of check-point 

inhibitors, ipilimumab and nivolumab. The combined treatment cost is over 

100,000 USD/patient. In addition, the treatment has many serious side effects, and 

the recommendation is to refrain from its use in favorable-risk patients. In ESMO 

guidelines, there is still the combination of bevacizumab and IFN-α for this patient 

group (Escudier et al. 2019). However, in Finland, this approach is no longer used 

in daily practice, while TKI inhibitors, such as sunitinib, as per oral drugs and with a 

better tolerability, are used as first-line treatment in good-risk mRCC. Due to the 

high drug costs of ipilimumab combined with nivolumab, the Finnish health care 

advisor board, or Terveydenhuollon palveluvalikoimaneuvosto (PALKO), very 

carefully reviewed the possibility of adding this combination to the treatment options 

and just recently gave permission for its use. This combination has been previously 

accepted for clinical use in many European countries and is already among the 

common treatment options. PALKO has calculated the additional cost of this 

treatment combination compared to sunitinib to be 125,000 € per patient. (PALKO 

recommendations) 

In addition, in a recent report on patient-reported outcomes in the CheckMate 

214 trial, the combination of ipilimumab and nivolumab led to fewer symptoms and 

better HRQoL than sunitinib in these intermediate- or poor-risk advanced RCC 

patients. Compared to sunitinib, the combination treatment reduced deterioration 

risk in the EQ-5D-3L visual analog scale (VAS) score (HR 0.71, 95%, CI 0.63-0.89). 

In the same trial the EQ-5D-3L utility index, which is the same index we measured, 

behaved similar to that in our study. (Cella et al. 2019) 

6.4 Strengths 

Study I: The study design is the major strength in the calculations comparing 

traditional laparoscopy and robotic-assisted laparoscopy. This design enabled the 

comparison of identical operations with well-balanced groups, avoiding inherent bias 

of calculations based on retrospective data. The costs of different variables were 

searched and calculated in a very detailed fashion for each operation, and no 
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modeling was used. Each operation was calculated independently for the combined 

results and the comparison between the groups. The results were in line with 

previous studies comparing these costs. 

Study II: This study introduces a real-life setting and real-life costs, which are not 

modeled or based on clinical studies. Moreover, in this study, the costs were 

individually calculated in a very detailed manner for each patient. Even though our 

study was based on real-life clinical routine practice and revealed the heterogeneity 

in patient treatments, the results were in line with and comparable to other studies 

and can therefore be used in further cost analyses. 

Study III: During the time of our study, there were only a few studies concerning 

the cost and burden of mRCC treatment. The study results offered detailed 

information about the costs of the mRCC treatment and valuable data of the future 

burden of mRCC. This study gave valuable information also on the changing 

treatment scenery considering the transition from cytokine era to TKI era. 

Study IV: The study presented detailed information concerning the costs of 

sunitinib treatment of mRCC patients. The QoL was measured with two different 

questionnaires to reach a thorough understanding of the patient’s wellbeing. The 

results were in line with previous studies; the cancer-specific targeted therapy is the 

main driver of the costs in cancer treatment, and concerning the findings with 

respect to patient treatment choices. The treatments were performed according to 

international guidelines, providing reliability of the study results. 

6.5 Limitations 

Study I: The cohort of patients was rather limited, but the results were in line with 

those of other studies concerning the topic. Some local factors had an impact on the 

results that restrained the generalizability of the results. QoL or the OS benefit was 

not measured in the original study, and therefore, cost-effectiveness or QALY was 

not calculated. As the standard operation has been altered to include para-aortic lymp 

node dissection after this study was executed, these results are not entirely 

comparable to other studies that may be based on different types of operations. 

However, the newest approach is to evaluate the sentinel lymph nodes and conduct 

the operation according to the pathological findings. This approach might reduce 

the extent of future operations so that our results can be more comparable again. 

Study II: The limited number of patients in the cohort restrains the possibility of 

reliably comparing the patient groups. The Finnish Current Guidelines for OC were 
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not established until 2012, which explains some of the heterogeneity in the 

treatments of our patients. This heterogeneity makes the comparison to other studies 

more difficult, even though the treatment choices were based on the labeled use of 

bevacizumab. If a later cohort had been chosen, the treatments would have been 

more homogenous, but the follow-up would have been shorter. In addition, we were 

not able to reliably identify the exact costs of the complications. 

Study III: The limited size of the study population did not allow sufficient 

subgroup analyses. We were also not able to collect all of the resource use 

information we would have hoped for from all of the study patients. There is a slight 

possibility of overestimation in the future broadcast of the burden of mRCC, since 

the estimations were based on the 2004 level. The patient’s performance status was 

not recorded at baseline, which can also be considered a limitation. 

Study IV: Even though there were several study hospitals, the number of the 

patients included was limited. The lack of treatment protocol related to the study 

design can be considered a limitation, but the treatment choices were still consistent 

with national and international guidelines. 

6.6 Future trends 

Study I: The comparison of costs between the traditional laparoscopic and robotic-

assisted laparoscopic EC surgeries should be conducted, including the para-aortic 

lymphadenectomy, at a national level. This comparison might offer more 

information about the differences or similarities between these two methods. Our 

original study design reported the robotic-assisted surgeries to be slightly faster, yet 

the difference was not enough to eliminate the difference in cost. If there were 

hypothetically larger time differences between the two methods when para-aortic 

lymphadenectomy was involved, given the robot’s advantage, the robotic-assisted 

approach might present more tolerable additional costs or no additional costs at all. 

Study II-IV: When new cancer treatments emerge, cost-effectiveness studies 

should follow close behind. The economic burden of these treatments can be 

significant even though they might benefit only a small group of patients. 

International guidelines should also provide suggestions for the proper use of these 

treatments early so that there are evidence-based protocols to support medical staff 

worldwide. The societal aspect of these treatments should also be assessed and 

considered more carefully, since the increasing cancer burden may present a 

significant impact on the national economy. The burden and costs of adverse effects, 
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complications, hospitalization and other variables should also be calculated when 

considering new and existing treatments so that a thorough understanding of the 

costs of cancer treatment can be reached. Prospective study designs might benefit 

from these types of calculations by creating an ongoing expense calculation during 

the patient’s treatment. In this way, the small details in the treatment path can be 

more accurately recorded. 
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7 WIDER ASPECTS 

Cost calculations, in their simplicity, offer very little ethical questions. The 

patient’s treatment is not interfered with in these studies. The results do not deny 

any patient of their treatment. The question raised is, how much can cancer 

treatment cost? New treatments are merging at a rapid pace and often with a rather 

high cost, which has created global problems of the accessibility of these treatments 

when considering countries’ national willingness-to-pay thresholds. For a further 

ethical consideration, is the cost of a treatment reason important enough to define 

someone outside the treatment even though, treatment might provide a few more 

months to live? Where do we draw the line in the medication budget when 

considering if one patient benefits from an expensive and efficient treatment but due 

to this treatment choice, many others are denied of their less effective treatment 

because of the lack of funding? 

How much can money influence the way we treat patients? Is there a price for 

human life? Clinicians everywhere are the holders of this secret. Globally, people are 

in very different situations considering their country’s willingness-to-pay threshold. 

If the threshold is set as the WHO suggests, according to per-capita gross domestic 

product, thresholds vary from nation to nation, and some countries still cannot 

afford expensive new treatments. Moreover, this issue arises even though some 

treatments might have been calculated to be cost-effective in studies. Nevertheless, 

as said about thresholds in the WHO article by Bertram et al.: “They are simply an 

indication that, in a given setting, an intervention may represent poor, good or very 

good value for money.” 

Can the costs of cancer treatment be reduced? Would the following 

considerations be beneficial: switch from routine to symptom-based follow-up; 

using calls instead of follow-up visits; using digital systems and applications for 

patient driven follow-up; considering if monotherapy offers sufficient treatment 

compared to combined therapy; accurately choosing the patients who benefit from 

chemotherapy or other specific drug treatments; accurately choosing the patients 

who benefit from vast surgical operations; and actively assessing the patient’s 

performance status to consider treatment options that do not cause more damage 

than what it is worthwhile. Even discussing end-of-life decisions and the option to 
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stop active treatment and switch to palliative treatment guides the patient to the right 

stages of health care and reduces treatment costs (Smith et al 2011). When patients 

in poor condition are treated with chemotherapy for too long, it increases the cost 

of cancer treatment in terms of the chemotherapy and the treatment of the 

complications. These mentioned suggestions have already been sporadically 

implemented in cancer treatment. 

The cost comparisons performed internationally are sometimes difficult due to 

different types of funding and insurance systems, not to mention the differences in 

drug administration and daily practices. Nevertheless, chemotherapy or other 

therapy drug costs are usually fixed. 

Cost-effectiveness studies try to identify suitable thresholds and reasonable prices 

for a quality-adjusted life year. International societies create guidelines by also 

searching for effective, novel solutions and cost-effective results. The results are not 

always convergent, yet even differing results can provide guidance towards solutions. 
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8 SUMMARY AND CONCLUSIONS 

 The difference between traditional laparoscopy and robotic-assisted 
laparoscopy is approximately 2,000 € when performing an identical 
operation in the treatment of endometrial cancer. The instrumentation and 
the amortization of the robot console principally explain the cost 
difference.  

 Bevacizumab is the single largest expense in the medical treatment of 
ovarian cancer patients. Bevacizumab constitutes almost half (47.1%) of all 
the costs when patients treated with or without bevacizumab are 
considered, and more than half (62%) of all the costs in the bevacizumab 
group.  

 During interferon-α treatment, medications formed the largest part of the 
costs at 60%. During the entire follow-up, interferon-α comprised 89% of 
all medication used. The role of interferon-α was significant, as other 
medication comprised a notably smaller part of the medication costs, with 
other cancer medication at 6%, bisphosphonates at 3% and analgesics at 
2%. 

 Sunitinib comprised 73% of the total costs in the treatment of patients 
with metastatic renal cell carcinoma. Sunitinib treatment decreased the 
quality of life in these patients during treatment, but the effect was 
withdrawn as the treatment was suspended or stopped. 
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Costs of Robotic-Assisted Versus Traditional
Laparoscopy in Endometrial Cancer

Riikka-Liisa K. Vuorinen, MD,* Minna M. Mäenpää, MD,* Kari Nieminen, PhD,* Eija I. Tomás, PhD,*
Tiina H. Luukkaala, MSc,Þþ Anssi Auvinen, PhD,§ and Johanna U. Mäenpää, PhD*þ

Objectives: The purpose of this study was to compare the costs of traditional laparoscopy
and robotic-assisted laparoscopy in the treatment of endometrial cancer.
Methods and Materials: A total of 101 patients with endometrial cancer were randomized
to the study and operated on starting from 2010 until 2013, at the Department of Obstetrics
and Gynecology of Tampere University Hospital, Tampere, Finland. Costs were calculated
based on internal accounting, hospital database, and purchase prices and were compared
using intention-to-treat analysis. Main outcome measures were item costs and total costs
related to the operation, including a 6-month postoperative follow-up.
Results: The total costs including late complications were 2160 € higher in the robotic
group (median for traditional 5823 €, vs robot median 7983 €, P G 0.001). The difference
was due to higher costs for instruments and equipment as well as to more expensive op-
erating room and postanesthesia care unit time. Traditional laparoscopy involved higher
costs for operation personnel, general costs, medication used in the operation, and surgeon,
although these costs were not substantial. There was no significant difference in in-patient
stay, laboratory, radiology, blood products, or costs related to complications.
Conclusions: According to this study, robotic-assisted laparoscopy is 37%more expensive
than traditional laparoscopy in the treatment of endometrial cancer. The cost difference is
mainly explained by amortization of the robot and its instrumentation.

Key Words: Robotic-assisted surgery, Endometrial cancer, Cost analysis, Gynecologic
oncology
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Endometrial cancer is the most common gynecologic ma-
lignancy in the developed countries with 167,900 esti-

mated new cases and 34,700 estimated deaths in 2012.1

Primary treatment of endometrial cancer is hysterectomy and
bilateral salpingo-oophorectomy, commonly accompanied by

pelvic or pelvic and para-aortic lymphadenectomy (PALND).2

Surgical methods for treating endometrial cancer include lapa-
rotomy, traditional laparoscopy, and robotic-assisted laparoscopy.
According to cost-effectiveness analysis by Leitao et al,3

laparotomy was the most expensive approach compared with
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traditional laparoscopy and robotic-assisted laparoscopy (total
costs without equipment: USD 24,433, USD 20,289, and USD
20,467, respectively). The robot platform has been in use at
Tampere University Hospital since 2009, and the robot is used
by urologists, gynecologists, and thoracic surgeons, with an
annual rate of 345 to 400 operations.

The aim of this analysis was to compare the costs of
conventional laparoscopy and robotic-assisted laparoscopy in
the treatment of endometrial cancer, to evaluate possible
differences and identify factors influencing the costs within a
randomized trial.

MATERIALS AND METHODS
In a clinical trial, 101 patients presenting with endome-

trial cancerwere randomized into 2 arms, traditional laparoscopy

(traditional, n = 51) and robotic-assisted laparoscopy (robot, n =
50). Inclusion criteriawere a low-grade (Grade 1Y2) endometrial
cancer, a scheduled staging operation, and a signed informed
consent. Exclusion criteria included a narrow vagina or a uterus
too large to be removed through the vagina and ineligibility for a
deepTrendelenburg position.Thedetails of the studypopulation,
randomization procedure, and operations have been described
in detail previously.4

The operations were performed at a tertiary referral
center, the Department of Obstetrics and Gynecology of
Tampere University Hospital, Tampere, Finland from 2010
to 2013 by gynecologic oncologists with several years of
experience with laparoscopic surgery. The study protocol
was approved by the Research Ethics Committee of Tampere
University Hospital (identification code ETL R10081) and is
registered at www.clinicaltrials.gov (NCT 01466777).

TABLE 1. Variable definitions

Variables Both Groups Traditional Robot Comment

Instruments Disposable instruments
and materials, maintenance
costs for reusable instruments,
and OR supplies hemostatic
matrix if used

Energy instrument
costs

Instrument cost
per operation
(4 basic instruments)

In-patient stay Room and board,
ward personnel, and ward
basic medication

Laboratory Based on the needed studies
during operation and
in-patient stay

Radiology Based on the needed imaging
studies during operation and
in-patient stay

Blood products Blood transfusions and
laboratory samples related to
preparation or transfusions

Operation personnel 0.5 anesthesiologist
and 3.25 OR nurses
for each operation

Related to OR time

Equipment
and OR

Costs of running the OR
and the fixed equipment

Amortization of a
basic laparoscopy
tower

Amortization of the
robot console

Related to OR time

General costs Administrative costs,
costs that cannot be
calculated elsewhere

Related to OR time

Operation
medication

Anesthesia costs and local
anesthetics

Related to OR time

Surgeon costs 2 operating specialists Related to operation time
PACU costs 0.3 nurses per patient

and facilities
Related to PACU time

Complications Additional clinical visits,
readmissions, and radiology

OR=operating room
PACU=post-anesthesia care unit
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The costs were calculated retrospectively in euros. The
cost variables are presented in Table 1.

The patient data were collected from the operation and
onwards over the subsequent follow-up period of 6 months.
All contacts and procedures at follow-up hospitals (imaging
studies, readmissions, operative treatment) were recorded.
These contacts and the costs related to themwere calculated in
complications and are referred in this article also as late
complications. In complication costs, all expenses related to
the contact have been taken into account. This includes also
all out-patient visits, which led or did not lead to any pro-
cedures. Patients contacted clinics for various reasons such
as swelling, bruises, and vaginal bleeding among other com-
plaints. Most of these were normal postoperative symptoms.
Because of swelling in lower extremities, many patients under-
went a Doppler ultrasound imaging to exclude deep venous
thrombosis with no findings.4

Public health care in Finland uses an internal accounting
and billing system within the hospitals. Different hospital units
offer services based on their expertise such as anesthetic ser-
vices, operating room (OR) services, laboratory services, and
consultations provided by other specialties like urologic sur-
gery. We searched the hospital databases to retrieve the actual
costs of each operation.

The original expense data from 2012 was used as the
basis for calculating costs for operation personnel, amortization
of the laparoscopy towers and the robot console, OR costs,
medication during the operation, and general costs related to the
hospital infrastructure. The 2012 expense data was chosen
because it represents the midpoint of the study period.

The amortization and use of an energy instrument in
traditional laparoscopy group was also included in the instru-
ment costs; an energy instrument was used in 15 operations,
based on the operating surgeon’s judgment.

Costs related to the instrumentation, in-patient stay,
radiology, and laboratory services as well as blood products
were calculated or retrieved from the database according to
the actual time (exact date or at least year) of the operation. In-
patient stay, radiology, laboratory, and blood product expenses
were retrieved from the internal accounting system. For dis-
posable instruments and products, we used the real hospital
purchase costs, according to the reported data on each op-
eration, and we included in every operation a basic array of
instruments and equipment involved in the operative set-up.
Traditional and robotic operations had a different basic package
based on the needs of the operative method. For reusable in-
struments, the maintenance costs were calculated. For robot
instruments, the cost of amortizing (maximum 10 opera-
tions per instrument), and the maintenance costs were taken
into account.

The robot at TampereUniversityHospital is theDaVinci S
surgical system (Intuitive Surgical, Inc, Sunnyvale, Calif ). It
is a leased product with a 10-year contract. The annual leasing
and maintenance costs are 196,000 € and 140,000 €, re-
spectively. We divided these costs with the total number of
operations during the year 2012 to calculate the robot plat-
form amortization cost per robot operation.

Onepatientwasoriginally randomized into the traditional
laparoscopy group, but the surgeon decided to change the

operative procedure to robotic-assisted laparoscopy because of
the obesity of the patient. Because of this randomization vio-
lation, secondary analyses were performed besides the primary
intention-to-treat analysis, which is a per protocol analysis with
groups based on the actual operative manner (this patient was
included in the robot arm), and also excluding this patient.

Two patients from the traditional laparoscopy group
who were not suitable for laparoscopic operation were oper-
ated through laparotomy, and their data was not analyzed in
the study.4 Consequently, the final number of patients in the
analysis was 49 in the traditional group and 50 in the robotic-
assisted group.

Distributions of cost factorswere shown bymedianswith
interquartile ranges due to the skeweddistributions and outliers.
Differences between traditional and robotic-assisted laparoscopic
surgical costs were analyzed by nonparametric independent-
samples Mann-Whitney U test. Categorical variables were
tested by Pearson W2 test or by Fisher exact test if the expected
values were too small. Statistical analyses were performed
by IBM SPSS Statistics version 23 (IBM Corp, Armonk,
NY). P values less than 0.05 were considered statistically
significant.

RESULTS
Because there were no substantial differences in the

results of the intention-to-treat and treatment received analyses,
only the results of the intention-to-treat analysis are presented
here. Results using the secondary analyses are given in the
Supplemental Tables (S1 to S4 http://links.lww.com/IGC/
A545).

The item costs were higher in the robotic-assisted lapa-
roscopy arm for instruments, equipment, and OR, as well as
postanesthesia care unit (PACU) (Table 2). Traditional lapa-
roscopy had higher costs for operation personnel and medica-
tion, general costs and surgeon costs, but these differenceswere
relatively small (Table 1 for variable definitions, Table 2). There
were no significant differences in costs related to in-patient stay,
laboratoryand radiology services, or bloodproducts. Themedian
total costs for the robotic-assisted laparoscopy, including late
complications were 2160 € higher than for traditional lapa-
roscopy (1.4-fold, cost per operation: 7982 € vs 5823 €, respec-
tively; Fig. 1).

Therewere 5 conversions to laparotomy in the traditional
laparoscopy group and none in the robot group.4 The total costs
without late complications for these patients were substantially
higher than for the rest of the traditional laparoscopy patients
(nonconversions Md 5352 € vs conversions 7149 €, P G 0.001)
Therewas also a significant difference in the lengthof in-patient
stay (Md 1 vs 4 days, P G0.001), which increased the costs of
the in-patient stay (1114 € vs 2148 €, P = 0.002). Moreover,
there was a significant difference in PACU time (Md 2 hours
and 22 minutes vs 3 hours 33 minutes, P G 0.001), which
also affected the PACU costs (704 € vs 938 €, P G 0.001). The
median total costs related to the laparoscopy-laparotomy
converted operations are close to the median total cost of the
robot arm without complications (7415 €).

Ten patients in the traditional group and 20 patients in the
robot group contacted the follow-up hospitals or had
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complications reported. The related median costs were 766 €
and 844 € per patient, respectively (P = 0.530).

The operative time as well as the OR time were signifi-
cantly shorter in the robot group,whereas PACU timewas shorter
in the traditional group (Table 3).4

Although there was no significant difference in the me-
dian length of postoperative in-patient stay (Table 3), 1 patient
in the traditional group was not discharged until postoperative
day 7. Physically, the patient’s recovery from the surgery did not
differ from that of other patients, but the patient’s mental status
did not allow discharge, and she was waiting for a transfer to a

municipal hospital. This created an outlier in the in-patient stay
costs (3343 €). We were unable to calculate the costs of the
following municipal hospital stay.

One patient in the robot group underwent embolization
while shewas in the PACUbecause of a bleeding complication.
This patient stayed in the PACU for 16 hours and 2 minutes
causing an outlier in the PACU time and PACU costs (4492 €),
as well as the embolization cost in the Radiology Department
(2884 €). We included the costs (embolization, laboratory, ra-
diology, PACU) in this patient’s primary operation period, not
itemizing them stratified according to the complications,

FIGURE 1. Cost variables, comparison (accompanying.tif-file). Median values (€). *Nurses and anesthesiologist.

TABLE 2. Itemized median costs for traditional vs robot-assisted laparoscopy for endometrial carcinoma,
intention-to-treat analysis within the Tampere randomized trial, and cost factors

Traditional (n = 49) Robot (n = 50) Difference

Variables Md € (IQR €) % Md € (IQR €) % € P

Instruments 214 (171Y421) 5.9 1813 (1798Y1817) 23.9 j1599 G0.001
In-patient stay 1387 (1002Y1635) 25.2 1092 (932Y1422) 15.8 295 0.130
Laboratory 824 (457Y918) 13.3 791 (526Y909) 9.3 33 0.845
Radiology 0 (0Y37) 0.6 0 (0Y0) 1.1 0 0.321
Blood products 18 (17Y35) 0.6 18 (0Y40) 0.6 0 0.674
Operation personnel* 844 (797Y995) 16.2 729 (661Y833) 9.7 115 G0.001
Equipment and OR 232 (217Y295) 4.7 1172 (1064Y1340) 15.7 j940 G0.001
General costs 78 (73Y91) 1.5 67 (61Y77) 0.9 11 G0.001
Operation medication 91 (86Y108) 1.8 79 (72Y90) 1.1 12 G0.001
Surgeon costs 896 (806Y1,049) 17.0 735 (643Y866) 9.8 161 G0.001
PACU costs 704 (704Y938) 13.3 938 (704Y938) 12.1 j234 G0.001
Total costs without late complications 5487 (4766Y6184) 7415 (6937Y8057) j1928 G0.001
Complications 766 (349Y1532) 844 (421Y2883) j78 0.530
Total costs with complications 5823 (4912Y6243) 7983 (7236Y8400) j2160 G0.001

Md = median value.
IQR = interquartile range.
*Nurses and an anesthesiologist.
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because it was difficult to reliably differentiate the costs of this
complication from the costs of the surgery itself, for example,
in the PACU costs.

One patient in the robot group needed 2 reoperations
because of a rectovaginal-fistula. This patient also had repeated
imaging studies and readmissions because of the complication.
These costs created an outlier in complication costs (14,818 €).

No postoperative deaths occurred during the study pe-
riod nor were there any thromboembolic events during the
follow-up.4

There was no significant difference between the 2 arms
in duration of sick leave (Table 3). Most of the patients did
not receive sick leave because they were already retired.
Consequently, sick leave costs were not calculated in this
analysis.

Robot instrument cost per operationwas 1030€ (including
4 basic instruments used in the operations), and the amortization
cost of the robot console per operation was 939 € according
to the 2012 expense data (taken into account in equipment
and OR costs). On this basis, we calculated costs per duration
of OR timeYrelated amortization cost (5.95 € per minute) and
applied it individually for each operation in accordance with
the operating time. Therefore, the equipment and OR costs for
some patients can be less than 939 € (range, 844 €Y1503 €).

CONCLUSIONS
The median actual costs of the robotic-assisted laparos-

copywere 1928€ (35%) higher per patient than the costs related
to traditional laparoscopy. Although direct international com-
parisons are difficult to make because of differences in national
health care funding systems, our results seem to be comparable
with findings in previous studies, showing robotic-assisted
laparoscopy to be 17% to 33% more expensive.5,6 Amortiza-
tion of the robot console and costs involved with robot instru-
mentation are the major determinants of the incremental
costs related to robotic-assisted surgery.5Y9 Amortization
can be minimized by increasing the number of operations.
However, because a set of robot instruments can only be
used in 10 operations, the instrument costs are practically fixed.
Although we have previously shown that the operation time
is shorter in robotic-assisted than traditional laparoscopic

operations,4 the shorter operation time was not enough to
balance out the costs of amortization of the robot console
and the use of robot instruments.

In Finland, doctors and surgeons in the public health care
receive amonthly salary instead of fee for service. This explains
the lower labor cost of surgeon per operation compared with a
previousUS study.3 In our study, the surgeon cost is related only
to the duration of the operation.

The major strength of this study is the randomized
design, ensuring anunbiased comparisonbetween the treatment
arms. The learning curve effect was also minimized as robotic
surgery for gynecologic indications was started at our hospital
already in March 2009. We have previously shown that the
learning curve for robotic surgery is relatively short or 10 op-
erations.10Moreover, our experiencewith laparoscopic surgery
for endometrial cancer dates from 1990s.11 Both operative
techniques were therefore already well-established at the time
the randomized trial was initiated.

The 2 groups were well balanced in relation to all major
patient characters.4

The costs were calculated in a detailed fashion for each
operation based on actual cost items, including even from the
surgeons’ gloves and threads used.

During the time of the study design, the standard surgical
treatment of endometrial cancer at our institution was hysterec-
tomy, bilateral salpingo-oophorectomy, and inmost cases, pelvic
lymphadenectomy (PLND). These 3 procedures were scheduled
to be performed to all of the randomized patients. However,
PLNDwas not performed on 2 patients in both arms (total n = 4)
because of a disseminated disease.4

The costs of PALNDwere not evaluated.Current guidelines
encourage PALND, besides PLND, to be performed in patients
with high-risk endometrial cancer, whereas in the case of low-risk
cancer, only hysterectomy and bilateral salpingo-oophorectomy
without LND should be performed.12 Because extending the
lymphadenectomy to the para-aortic area makes traditional
laparoscopy challenging to perform the cost difference might
have been smaller if PALND were included in the randomized
study design.13

Although the number of patients was rather limited, the
outliers encountered in some variables did not substantially
affect the final results.

TABLE 3. Time-related items in traditional vs robot-assisted laparoscopy for endometrial carcinoma in the
Tampere randomized trial, intention-to-treat analysis

Variables

Traditional (n = 49) Robot (n = 50)

Md (IQR) Md (IQR) P

Sick leave, d 27.5 (n = 12) (24Y33) 28 (n = 13) (25Y29.5) 0.728
OR time 3:48 (3:35Y4:29) 3:17 (2:59Y3:45) G0.001
Operation time 2:50 (2:33Y3:19) 2:19 (2:02Y2:44) G0.001
PACU time 2:36 (2:03Y3:08) 3:05 (2:38Y3:31) 0.001
Discharge, d 2 (1Y2) 1 (1Y2) 0.215

Md = median value.
IQR = interquartile range.
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There are some local factors that inevitably constrain the
generalizability of the results. Our robot console and its PACU
are located in a separate building apart from the Department
of Obstetrics and Gynecology and its ORs. This increases the
expenses because of additional PACU time.

Quality of life was not investigated in this study, which
can be considered a limitation.

Laparoscopic approach has replaced laparotomy in the
operative treatment for endometrial cancer.12 At present,
laparotomy should not be considered as the primary opera-
tion method anymore now that minimally invasive methods
have been evolved.13,14 Moreover, according to a recent
study comparing the costs of robotic-assisted laparoscopic
hysterectomy to open hysterectomy, laparotomy was more
expensive, mainly because of longer in-patient stay.15 In the
field of laparoscopy, the robotic-assisted technique has in-
troduced many advantages such as diminished blood loss,
wristed instruments, 3-dimensional stereoscopic vision, better
ergonomics for surgeon, and a shorter learning curve.9Y11,16,17

This was reflected also in the present study, where no con-
versions to laparotomy had to be undertaken in the robot
group as opposed to 5 conversions in the traditional group.
The total costs of the converted operations were almost as high
as the costs of the robotic-assisted operations (Md 7149 € vs
7415 €, respectively).

In contrast to clinical operations performed for real
patients, in which setting each robotic instrument can be used
only 10 times, in the preclinical training phase, the same
instruments can be used 30 times (data obtained during from
robotic training at Tampere University Hospital, Da Vinci S
surgical system; Intuitive Surgical, Inc, Sunnyvale, Calif ).
If robotic instruments could also clinically be used 30 times,
it would decrease the instrument costs by 688 €. On the other
hand, if the annual number of gynecological operations
at our institution would be increased from 84 to 120,
with 3 instead of 2 daily operation, the amortization
costs would decrease by 282 € per operation. By such
means, the median total costs for robotic surgery would
be 6445 €, and the difference between the 2 operation types
would decrease to 17%.

We were unable to assess patient outcomes in terms
of quality-adjusted life year (QALY) (because no obvious
difference in complications or other patient outcomes were
found), so real cost-effectiveness analysis was not possi-
ble. However, applying a cost-effectiveness threshold of
50,000 €; per QALY to the observed cost difference of
2160 € per operation, it would mean that 1 QALY would
need to be gained per 26 patients operated to reach the
threshold.

The robotic-assisted technique in the staging of en-
dometrial carcinoma (hysterectomy, bilateral salpingo-
oophorectomy, and PLND) increases the total treatment
costs by one third compared with the traditional technique.
In our setting, this translates into roughly 2000 € per patient.
For further research, it would be beneficial to calculate the
costs in similar form including the PALND.
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Introduction 

In 2018, the estimated number of new ovarian cancer cases worldwide was over 

295,000, with almost 185,000 deaths, making it the eighth most common cancer 

in women in terms of incidence and mortality. Among gynecological cancers, it is 

the second leading cause of death worldwide [1]. 

The cornerstones of epithelial ovarian cancer (EOC) treatment are surgery and 

chemotherapy. Operative treatment includes surgical staging and tumor 

debulking, while paclitaxel-carboplatin is the standard chemotherapy [2]. The role 

of vascular endothelial growth factor (VEGF) and angiogenesis is important in 

EOC treatment. However, bevacizumab is the only anti-angiogenetic agent with a 

label for use in EOC [3, 4]. Studies have found an approximately four-month 

benefit in progression free-survival (PFS) when bevacizumab is incorporated in 

the first-line treatment of advanced EOC or in a recurrent setting [4- 8]. A 

subgroup analysis of the first-line trial ICON7 showed that in high-risk patients, 

there was a significant improvement (nine months) in overall survival (OS) [9]. In 

recurrent platinum sensitive setting, an OS benefit of 5 months was achieved in 

the GOG-0213 trial [10]. In the Nordic countries, the use of bevacizumab in the 

first line treatment is generally restricted to patients with either stage IV, or 

suboptimally debulked stage III disease at a dose of 7.5 mg/kg Q3wk. In many 

hospitals, including ours, the high cost of bevacizumab generally allows it to be 

used only once in a patient’s treatment program, i.e. either in the primary or 

recurrent setting.  



The aim of this study was to evaluate the true costs related to the non-surgical 

treatments of ovarian cancer from the first-line treatment to several later lines of 

therapy for up to five years of follow-up, with a special emphasis on the role of 

bevacizumab.  

Material and Methods 

The cohort for this analysis consisted of patients who had received the diagnosis 

of EOC from 01-JAN-2011 through 31-DEC-2012 at Tampere University 

Hospital, Finland. The rationale of using this cohort was to create a follow-up of 

at least five years. 

Patient information was collected retrospectively from the patient registry in 2017 

– 2018. A structured form was used to collect the following data: date of 

diagnosis, operations concerning EOC, bevacizumab treatment (dates of drug 

administration and doses), chemotherapy (drugs, doses, dates of drug 

administration and number of treatment lines), other relevant medication which 

was used during and related to the EOC treatment, clinic visits (scheduled and 

emergency) and inpatient stays, relevant laboratory and imaging tests, and 

additional operations. 

The cost calculations were performed based on the records from the internal 

management accounting systems (Ecomed ICS and Tableau), and using yearly 

information related to clinical expense data. Costs were calculated for each patient 

individually. Only costs concerning the Department of Obstetrics and Gynecology 

were taken into account. The costs of the primary operative treatment were not 



included since the objective was to analyze medical costs. Therefore, only costs 

during chemotherapy and/or bevacizumab treatment were calculated. 

The chemotherapy medication costs include the work related to handling the 

medication and preparing the medication at the hospital pharmacy. Laboratory 

costs include the use of blood products. 

We calculated the cost of G-CSF by using the Finnish market price during spring 

2019 from Pharmaca Fennica as these were mainly used as prescription drugs. 

If a patient participated in a clinical trial concerning EOC medication, those costs 

and medications were left out of the calculations and this ended her follow-up on 

our behalf. However, the possible occurrence of death was recorded. 

The distributions of cost factors are shown by medians with interquartile ranges 

(IQR) due to the skewed distributions and outliers (Table). Differences between 

categorical patient characteristics were tested by Pearson’s chi-square test or 

Fisher’s exact test. Due to the skew distributions, continuous patient factors were 

analyzed by the Mann-Whitney test. Analyses were performed using IBM SPSS 

Statistics for Windows (version 23.0, Armonk, IBM Corp., NY). 

The study was approved by the Ethics Committee of Tampere University Hospital 

(Identification code R17126). No informed consent was needed as there was no 

interference with the patient medication nor did it effect the patient’s treatment in 

any way. Individual patients cannot be identified from this report. 

Results 



A total of 75 patients were diagnosed with EOC from 2011 through 2012 at 

Tampere University Hospital. Of them, 66 patients received chemotherapy, and 

their treatment costs form the focus of this analysis. Twenty-four patients (36%) 

received bevacizumab: 16 (67%) as a first-line therapy and 8 (33%) as a later line 

of therapy (Figure). The mean age at diagnosis was 66.6 years, and most patients 

had a FIGO Stage III or IV disease at the time of the diagnosis, 30 and 17 

patients, respectively. Almost 76% of patients needed hospitalization at some 

point during chemotherapy or bevacizumab treatment.  

Most patients received 1-3 lines of chemotherapy, but up to six treatment lines 

were recorded from one patient. Only four patients had ongoing treatment at the 

end of the follow-up or at 31-DEC-2017 (Figure).  

The combined total costs of the medical EOC treatment including all variables for 

the entire cohort of 66 patients were 2,404,251 € of which the proportion of 

chemotherapy was 306,086 € or 13%. Of the total non-surgical costs for all 

patients, bevacizumab costs comprised 47.1%, which was the largest single 

expense even though it was administered to only 24 patients. In the bevacizumab 

group the cost of the drug itself was 1,132,740 € or almost two-thirds or of all 

treatment costs. The median cost for ovarian cancer treatment/patient in the non-

bevacizumab group was 7,700 €, while in the bevacizumab group it was more 

than 10 times higher or 82,542 €. All variables presented higher costs in the 

bevacizumab group. (Table) 

Of the 24 bevacizumab patients, 16 received bevacizumab as a first-line treatment 

and 8 as a second-line treatment. The median costs of the treatment/patient were 



85,795 € and 76,311 €, respectively. In both groups, bevacizumab was the single 

largest expense (69% vs 49%). Only one patient in the bevacizumab group was 

enrolled into a clinical trial during the follow-up. The costs prior to enrolment are 

included in the calculations. 

Discussion 

For the costs of all included patients, the cost of bevacizumab comprised almost 

half, or 47.1%. The relatively high contribution of the second largest cost or 

inpatient stay can be explained by the long follow-up during the course of the 

disease over consecutive recurrences and re-treatments, ending to progressive 

disease and death. 

The bevacizumab group had higher median costs for all variables, which can 

partly be explained by the difference in the initial disease staging and the 

characteristics of a low-grade disease vs. a high-grade disease, as bevacizumab is 

used in patients with high-risk disease. Thus, the bevacizumab group more often 

had recurrence, resulting in more numerous lines of therapy. When the treatments 

stretched over a longer time period, the risk of complications and side-effects 

increased, and therefore the risk of emergency visits and hospitalization increased 

in parallel. The increased costs of imaging, laboratory and clinic visits are simply 

explained by the time consumed i.e. the longer follow-up. When more treatment 

lines are used, the risk of neutropenia also increases, which explains the higher 

costs for G-CSF. 



Neyt et al. made a cost-effectiveness analysis based on the material of four large 

trials on bevacizumab and ovarian cancer, GOG-0218, ICON7, OCEANS and 

AURELIA [4, 5, 7, 6, 11]. Compared to the present results, their calculations are 

in the same range. In the first line setting, Neyt et al. calculated based on GOG-

0218 data that the mean costs related to bevacizumab are 44,286 €, while the 

actual costs were 52,766 € (Md 57,800 €) in our study. The mean costs of 

bevacizumab treatment for recurrent disease in the present study are 36,060 € (Md 

40,163 €), which is between the mean cost of bevacizumab in AURELIA and 

OCEANS trials, or 28,529 € and 53,591 €, respectively. If the chemotherapy visits 

are included in the calculations, the mean costs in our study and the OCEANS 

trial are quite similar or 45,991 € (Md 48,811 €) and 53,591 €, respectively. 

The cost-effectiveness of bevacizumab has been questioned, as the main 

advantage of bevacizumab is a PFS benefit of approximately four months, but 

there is in general no overall survival benefit [8]. As the cost-effectiveness is 

better in stage III and stage IV disease [12], bevacizumab treatment should be 

prioritized in these patients [13]. In ICON7, the median over-all survival (OS) of 

high-risk patients treated with bevacizumab was 39.7 months, while it was 30.2 

months in the control patients [9]. Our median costs per patient for bevacizumab 

medication itself in first-line treatment was 57,800 €. If these costs are applied to 

the above OS figures, the incremental cost-effectiveness ratio (ICER) would be 

73,010 €/quality adjusted life-year (QALY). This figure is low compared to the 

analysis by Neyt et al., who calculated an ICER of 157,816 € for GOG-0218 and 

82,277 € for ICON7 in high-risk patients [11]. The lower ICER in our calculations 



can partly be explained by the fact that some patients received only 2-4 doses of 

bevacizumab, which reduces costs significantly. In our first-line patients, there 

was also some diversity in doses (7.5 mg/kg n=4, 15 mg/kg n=12), which also 

contributes to our smaller bevacizumab costs compared to GOG-0218. This 

emphasizes the uniqueness of real-life calculations. If the threshold of reasonable 

QALY is considered to be 100,000 USD or 89,026 €, the role of bevacizumab at 

least in first-line treatment is supported. If our first-line costs were calculated with 

the dose of 7.5 mg/kg (which was proven to be a sufficient dose for first-line 

treatment in ICON7) by dividing the bevacizumab drug costs in half in patients 

who had received the dose of 15 mg/kg, we would reach an ICER of 44,763 

€/QALY. This outcome makes the use of bevacizumab as the first-line treatment 

more acceptable from the health economic point of view. 

Societal costs were not included in this study. As most of the patients were 

already retired, these costs were unlikely to have significant influence. We were 

neither able to reliably calculate the costs of treatment complications, as patients 

were not always treated at our Department. However, it is well known that 

bevacizumab treatment increases the risk of gastrointestinal events, hypertension, 

proteinuria and thromboembolism [8]. If all these costs were included in the 

analysis, the costs of bevacizumab treatment would be even higher. Anyway, the 

higher inpatient stay costs in the bevacizumab group can at least partially be 

explained by the complications related to its use. 

The cohort of patients turned out to be very heterogeneous as the current 

guidelines for the use of bevacizumab in Finland were not established until 2012 



[14]. There was diversity in the treatment doses (first-line bevacizumab 7.5 mg/kg 

vs 15 mg/kg), initiation and duration of treatment. If a later cohort had been 

chosen, the treatments would have been more homogenous, but the follow-up 

would have been shorter, and we wanted to calculate the costs over the entire 

course of the disease. 

The major strength of this study is that the calculations are based on real-life 

situations rather than modeling costs to a specific drug administration protocol or 

guideline. As it was possible to obtain very accurate data from the internal 

management accounting system and the yearly expense data, the costs were 

processed in a very precise manner. Therefore, these calculations can be assumed 

to present a very accurate description of the chemotherapy and bevacizumab costs 

of EOC in a real-life setting, even though the cohort was rather small. 

In conclusion, bevacizumab treatment was the single largest medical expense in 

EOC patients. For estimating future treatment costs, models can be helpful and 

accurate to a certain extent. However, real-life calculations provide a more 

accurate picture of all variables related to the treatment and show individual 

differences in the treatment. 
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Table. Costs of the EOC treatment 

Total costs of the treatment variables, percentages from the total costs of the treatment, and median costs per patient. 

* Granulocyte-colony stimulating factors 

IQR = Interquartile range 

  

All patients    Non-bevacizumab    Bevacizumab    Bevacizumab, First-Line   Bevacizumab, Second-Line 

(n=66)   (n=42)   (n=24)   (n=16)   (n=8) 

  Total € ( %) 

Median € 

(IQR) 

  Total € ( %) 

Median € 

(IQR) 

  Total €  ( %) 

Median € 

(IQR) 

  (%) 

Median € 

(IQR) 

  (%) 

Median € 

(IQR) 

Chemotherapy, 

medication 

306,086 (13) 

1,415 

(646-7,589) 

  117,360 (20) 

750 

(524-2,889) 

  188,726 (11) 

6,468 

(2,944-11,666) 

  (7.3) 

4,603 

(2,506-7,361) 

  (17) 

12,083 

(4,803-20,784) 

Chemotherapy, visits 286,277 (12) 

2,804 

(1,100-7,113) 

  97,989 (16) 

1,130 

(846-2,984) 

  188,288 (10) 

7,162 

(5,037-9,940) 

  (8.9) 

6,704 

(4,711-8,596) 

  (14) 

8,648 

(5,625-12,619) 

Chemotherapy, lab 83,759 (3.5) 

1,019 

(412-1,782) 

  34,951 (5.8) 

495 

(309-1,485) 

  48,809 (2.7) 

1,808 

(1,186-2,802) 

  (2.6) 

1,808 

(1,165-2,727) 

  (3.0) 

1,901 

(1,246-3,072) 

Imaging 20,319 (0.85) 

0 

(0-358) 

  4,581 (0.77) 

0 

(0-137) 

  15,739 (0.87) 

371 

(0-1,156) 

  (1.0) 

371 

(12-1,164) 

  (0.7) 

366 

(0-1,077)) 

On-call visits 50,657 (2.1) 

378 

(0-1,090) 

  27,442 (4.6) 

237 

(0-877) 

  23,215 (1.3) 

655 

(233-1,425) 

  (1.1) 

454 

(233-1,236) 

  (1.7) 

948 

(289-1,688) 

Inpatient stay 416,873 (17) 

3,257 

(310-7,437) 

  264,301 (44) 

2,551 

(0-5,209) 

  152,572 (8.5) 

5,899 

(2,424-9,679) 

  (6.8) 

5,053 

(568-7,343) 

  (12) 

7,988 

(3,597-12,483) 

G-CSF* 107,539 (4.5) 

392 

(0-1,801) 

  51,531 (8.6) 

285 

(0-1,424) 

  56,008 (3.1) 

847 

(0-2,250) 

  (2.9) 

70 

(0-1,482) 

  (3.4) 

1,510 

(586-3,866) 

Bevacizumab 1.132,740 (47) 

44,238 

(26,206-72,133) 

  - - 

- 

- 

  1.132,740 (63) 

44,238 

(26,206-72,134) 

  (69) 

57,800 

(26,336-80,256) 

  (49) 

40,163 

(22,586-46,426) 

Total cost per patient     

22,115 

(5,279-104,741) 

      

7,700 

(2,863-20,752) 

      

82,542 

(50,517-100,123) 

    

85,795 

(44,596-105,815) 

    

76,311 

(63,214-91,895) 



Figure legend: Flow chart of the patients 
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Abstract. Background/Aim: Tyrosine kinase inhibitors are
important in the treatment of metastatic renal cell cancer
(mRCC). The aim of the study was to evaluate the costs and
effects of sunitinib in mRCC. Patients and Methods: A total of
81 mRCC patients who received first-line sunitinib therapy
between 2010 and 2014 were recruited. Drug doses, laboratory
and imaging studies, outpatient visits and inpatient stays were
recorded. Health-related quality of life (HRQoL) was measured
(15D- and EQ-5D – 3L questionnaires). Results: The cost of
sunitinib (mean 22,268 €/patient range 274 € to 105,121 €)
covered 73% of the total costs during the treatment period. The
total treatment cost was 30,530 €/patient (range=1,661-
111,516 €). The median overall survival was 17.9 months.
HRQoL decreased during treatment. Conclusion: The main
cost during sunitinib treatment of mRCC was the drug itself
(73% of the total costs). Drug costs and HRQoL should be
considered when choosing treatment for mRCC.

Renal cell carcinoma (RCC) is the most common kidney
carcinoma (other malignancies in kidney occur in the cortex,
pelvis and ureters). In 2018, kidney cancers accounted for

over 400,000 new cases and approximately 175,000 deaths
worldwide (1). Lifestyle and health-related issues, such as
smoking and obesity, have been identified as risk factors for
RCC in many reports during recent decades (2, 3). Renal cell
carcinoma presents little or no symptoms in its early stages
(4). Due to a lack of symptoms, the disease is diagnosed in
an advanced or metastatic phase (mRCC) in approximately
one third of the cases. Currently, most RCC cases are
discovered as an incidental finding (5).

Medical treatments for mRCC are constantly evolving,
and many drugs targeting different pathways are used today
(6). Originally, immunotherapy with high-dose interleukin-2
(IL-2) or interferon-alfa (IFN-α) was considered the primary
choice (7-9). The recognition of the von Hippel-Lindau
(VHL) tumor suppressor gene led to the presentation of
vascular endothelial growth factor (VEGF) and VEGF
receptor-targeted therapies, such as bevacizumab and
tyrosine kinase inhibitors (TKIs) (10-12). Today, immune-
check-point inhibitors, such as nivolumab and ipilimumab
have changed the landscape for mRCC treatment (13-15).
These agents have increased the overall survival and
objective response rates of mRCC compared to sunitinib.
Sunitinib is a TKI, that has shown an increase in
progression-free survival (PFS) compared to IFN-α (16).
Sunitinib is still the current standard of care especially in
low-risk mRCC (15). It has been compared to several new
TKIs, to their combination with check-point inhibitors and
to everolimus (17-19). Recently, the combination of
nivolumab and ipilimumab was shown to be superior to
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sunitinib as a first-line treatment of mRCC (14), but
according to our new results, sunitinib may still have a
beneficial effect after the combined treatment of nivolumab
and ipilimumab (20). There is still a need to investigate
sunitinib as a first-line treatment in mRCC patients, the costs
of this treatment and the patients’ use of other healthcare
services during this treatment.

Patients and Methods

Based on real-world clinical practice, we conducted a prospective
observational clinical study. We collected data from different
clinical practices in four university hospitals and one central
hospital in Finland during first-line sunitinib treatment from January
12, 2010, to November 30, 2014. The patients (n=81) were recruited
among regular mRCC patients in the different clinics, and the study
itself did not have an effect on physicians’ decisions concerning the
patients’ treatment.

The inclusion criteria were as follows: patient was clinically fit
for first-line sunitinib treatment in mRCC and signed an informed
consent. The exclusion criteria were as follows: patient was not
treated with sunitinib and/or did not give consent for collecting data
from the patient register. The local ethics committee (R09045)
approved the study. The trial identifier is NTC00980213.

Health related quality of life (HRQoL) was measured with the
15D- and EQ-5D-3L- questionnaires at baseline, at day 28 during
sunitinib treatment and at the beginning of each new cycle (21, 22).
The 15D- measures mobility, vision, hearing, breathing, sleeping,
eating, speech (communication), excretion, usual activities, mental
function, discomfort and symptoms, depression, distress, vitality,
and sexual activity. The patient chooses a grade from one to five,
that best describes his/her state of health at the moment. The 15D
score, representing the overall HRQoL on a 0-1 scale (1=full health,
0=being dead) and the score on the different dimensions mentioned
above (scale 0-1: 1=no problems, 0=being dead), are calculated
from the questionnaire by using a set of population-based preference
or utility weights. The minimum clinically important change or

difference in the 15D-score has been estimated to be ±0.015 on the
basis that people on average can feel such a difference (21). HRQoL
measured with the 15D-questionnaire was compared to a sample of
age- and gender- standardized general population based on an earlier
National Health Survey (23).

Researchers in the participating clinics collected the data, and the
data collection ended on November 30, 2014, or on the day that the
patient died, if prior to the end of follow-up. The basic patient
information, the data of their carcinoma and the data concerning the
use of other health care services were collected on a structured form.

The recorded information was background information (date of
birth, gender, nephrectomy information, date of diagnosis, and
information on the risk-groups) and the use of health care resources
(active medical cancer treatment, other medical treatment related to
cancer, clinical visits, inpatient stay, radiation therapy, radiological
imaging, laboratory tests and blood transfusions). The reason for
ending the sunitinib treatment was to be recorded at the time when
the final decision was made. The collected data were entered into a
digital database.

The use of health care resources was valued mainly by using the
average Finnish health care unit costs (24). If these costs were not
available, unit costs (Helsinki University Central Hospital price
tables) were used. The unit costs were converted to the 2014 value
using the price index for public healthcare expenditures (24). The
medical treatment costs based on the patients’ individual dose were
calculated with retail prices without taxes. The costs of medical
treatment given in the hospital were calculated with wholesale
prices without value-added tax. A national price catalogue was used
as a source of single drug costs.

Results
In total, 81 patients were included in the analysis. The mean
age of patients was 66.1 years (range=41.1-85.7 years), 55
were male and 26 were female (68% vs. 32%, respectively).
Nephrectomy had been performed on 58 patients (72%). At
the end of the follow-up, over half of the patients had died
(n=47, 58%).
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Figure 1. First-line sunitinib treatment doses divided (%) according to duration of treatment (days).



The six-week treatment cycles included a four-week
sunitinib period and a two-week-cycle pause. Treatment
discontinuation for a longer period was considered a
prolonged pause. For the entire study population (n=81), we
received 20,513 follow-up days for sunitinib treatment,
including pauses during treatment, with a mean of 253
days/patient (range=3-1,389 days). Sunitinib was given for a
total of 12,741 days, with a mean of 157 days/patient
(range=3-728 days). Figure 1 describes the doses used
combined with the time of use during the treatment period.

The total cost of sunitinib treatment was 1,803,714 € and
88€/treatment day when pauses were also taken into account.
The average cost for a sunitinib treatment day was 142 €, and
the mean cost per patient was 22,268 € (range=274-105,121

€) for the entire treatment and follow-up period. The most
often used dose of sunitinib was 37.5 mg, which represents
42% of all treatment days. The second most common dose
used was 50 mg, equivalent to 33% of all treatment days.

At the end of the study, 77 out of 81 patients had
discontinued sunitinib treatment. The most common reasons
for ending the treatment were disease progression (55%) or
side effects (25%). Four patients proceeded with first-line
sunitinib treatment at the study endpoint. The drug costs
related to adverse effects were not reported.

Concerning the total costs of sunitinib first-line treatment,
the expense of the medication itself was significant (73%
during the sunitinib treatment period). Costs and their
breakdown are presented in Table I. Inpatient stays and
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Figure 2. The mean 15D profiles and scores of the patients and those of an age- and gender-standardized sample of the general population.

Table I. All the costs during first-line sunitinib treatment (N=81).

Variable                                                                  Cost, €                         Percentage from the total costs                  Cost per patient, mean (range), €

Sunitinib                                                               1,803,714                                              72.9%                                              22,268 (274-105,121)
Clinic visits, special health care                           164,932                                                 6.7%                                                   2,036 (0-9,795)
Clinic visits, public health care                              8,509                                                   0.3%                                                    105 (0-1,429)
Radiotherapy                                                           56,996                                                  2.3%                                                    704 (0-9,421)
Inpatient stay                                                         376,385                                               15.2%                                                  4,647 (0-46,478)
Imaging                                                                   62,358                                                  2.5%                                                    770 (0-5,147)

Total cost                                                              2,472,894                                            100.0%                                             30,530 (1,661-11,516)



outpatient visits created most of the costs related to the use
of other healthcare resources (other than relevant medical
treatment) during first-line sunitinib treatment. The cost for
individual patients based on these findings was 30,530 €
(range=1,661-111,516 €). The average cost per month was
3,617 €.

Approximately 51% of patients who had received first-line
sunitinib treatment proceeded with a second-line active
treatment. The most common second-line treatment
medications were everolimus (27.3%), pazopanib (10.4%)
and sorafenib (9%). In general, active treatment was
discontinued after the third- or fourth-line medication, yet
some patients received up to seven lines of treatment. The
mean drug costs for treatment lines 2, 3, 4, 5, 6 and 7 were
19,794 €, 20,429 €, 59,106 €, 11,706 €, 2,923 € and
18,696 €, respectively.

At the beginning of treatment, the average 15D-score of
patients was lower than that of the age- and gender-
standardized general population (0.858 vs. 0.903). The
difference was statistically significant and clinically important.
The patients were significantly worse off, especially on the
dimensions of mobility, breathing, daily activities, mental
functions, depression, anxiety, vitality and sexual activity
(Figure 2). The mean 15D-score declined 0.035 from the
beginning to 28 days of sunitinib treatment, and the score
returned to its original level during the two weeks of
medication pause. In some cases, the 15D-score during the
pause was even higher than at the beginning of the treatment.

At the beginning of treatment, the average EQ-5D-3L-
score was 0.755. It declined by 0.080 following 28 days

sunitinib treatment. It also returned to its original level
during the two-week break and, in some cases, to an even
higher level (0.781). All of these changes in the quality of
life parameters were statistically and clinically significant.
During the second treatment period, the EQ-5D-3L-score
declined in a statistically significant way, yet the difference
was no longer clinically significant. In all the later
measurements from both instruments, there were no
statistically or clinically significant differences in the
HRQoL of those patients continuing on sunitinib treatment
(Figure 3).

Discussion

The majority of the costs (73%) for treating mRCC patients
during first-line sunitinib, came from the medication itself.
This finding is similar to our earlier study concerning mRCC
treatment with IFN (25). It is also in line with other results
in the literature: cancer-specific targeted therapy itself is the
largest expense in contemporary cancer treatment, especially
in the first-line treatment of many metastatic diseases.

According to our research, most patients received second-
line treatment, but treatment proceedings after that were less
common. In total, six complete responses were recorded, and
the average overall survival from the start of the first-line
sunitinib treatment was two year. These results are also
similar to findings in the literature (17-19, 26). In most
patients, treatment was discontinued because of disease
progression, which is very typical of metastatic cancer. The
general treatment doses and protocols were performed
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Figure 3. The mean 15D- and EQ-5D-3L scores at different time points.



according to international guidelines (15, 16). The overall
HRQoL in our patients was already lower than that in the
age- and gender-standardized general population, yet it
remained stable during treatment cycles. Similar results have
been observed in other RCC trials (27).

According to the latest cost-effective analysis in mRCC, life
expectancy of patients receiving nivolumab plus ipilumab was
3.99 life years, which was 1.27 life-years more than that of
intermediate- or poor-risk patients receiving sunitinib as first-
line treatment. The cost per additional QALY gained was
USD108,363 (28). As discussed earlier, the drug itself remains
the largest cost driver in the treatment of mRCC. Sunitinib
seems to be a much less expensive treatment option than
nivolumab plus ipilumab. However, sunitinib does not offer a
survival gain in intermediate- or poor-risk patients, so to reach
cost-effectiveness, sunitinib should be directed to good-risk
patients. According to recent guidelines, this seems to be the
case (28-30). When comparing previously mentioned
treatments, the adverse effects and drug administration should
also be taken into account.
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