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Abstract 

Targeted monoclonal antibodies bevacizumab, cetuximab and panitumumab are reimbursed in the Czech Republic in 

combination with chemotherapy or alone in metastatic colorectal cancer (mCRC). However, the high cost is a potentially 

limiting factor. The real-world costs and effectiveness of first line bevacizumab followed by cetuximab or panitumumab 

(EGFRi) were retrospectively assessed from the perspective of healthcare payer. Total 71 WT KRAS patients (56% men; 

median age 60.5 years) were evaluated between April 2007 and May 2017. During our follow-up period (30 months on 

average) 55% patients died. The mean cost to PD was EUR 32,107 and EUR 24,510 in bevacizumab and EGFRi treatment 

respectively with median PFS 9.7 and 5.0 months. The median overall survival was 27.2 months and the mean cost from 

sequential therapy initiation to death was EUR 63,682. The targeted therapy made up 77%, 86% and 76% of the costs in the first 

line, second line and from the initiation of sequential therapy to death respectively. 

 

Rezumat 

Anticorpii monoclonali bevacizumab, cetuximab și panitumumab sunt rambursați în Republica Cehă atât în monoterapie sau 

în combinație chimioterapice. Cu toate acestea, costul ridicat este un factor potențial limitativ. Costurile reale și eficacitatea 

bevacizumab, cetuximab și panitumumab (EGFRi) au fost evaluate în mod retrospectiv din perspectiva plătitorului de servicii 

medicale. 71 de pacienți KRAS KTT (56% bărbați; vârsta medie 60,5 ani) au fost evaluați în perioada aprilie 2007 – mai 

2017. În perioada de urmărire (în medie 30 de luni), 55% dintre pacienți au murit. Costul mediu pentru progresia bolii a fost 

de 32.107 EUR și de 24.510 EUR în tratamentul cu bevacizumab și, respectiv, cu EGFRi. Supraviețuirea mediană totală a 

fost de 27,2 luni, iar costul mediu de la inițierea terapiei secvențiale până la deces a fost de 63.682 EUR. Terapia vizată a 

constituit 77%, 86% și 76% din costurile aferente primei linii, celei de-a doua și respectiv de la inițierea terapiei secvențiale 

până la deces. 
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Introduction 

Colorectal cancer (CRC) is the second most frequently 

diagnosed malignancy after prostate cancer in men 

and breast cancer in women in the Czech Republic. 

The most cases are reported in both men and women 

aged 65 - 69 years. The five-year relative survival rate 

among CRC patients reached about 58% for cases 

diagnosed between 2013 and 2016 [1]. Despite the 

ongoing national screening program, approximately 

25% of new cases are diagnosed already in metastatic 

stage (mCRC) [7]. 

New agents, the anti-VEGF drugs (bevacizumab, 

aflibercept) which selectively bind to the human vascular 

endothelial growth factor and the anti EGFR drugs 

(cetuximab, panitumumab) which inhibit the epidermal 

growth factor receptor, have become a part of standard 

treatment of mCRC. In addition, an oral receptor 

tyrosine kinase inhibitor regorafenib was recently 

approved. Efficacy of all these drugs was confirmed 

by numerous randomised clinical trials (RCTs) [3, 4, 

6, 10, 15]. 

Patients who would previously have received traditional 

chemotherapy are now benefitting from targeted therapy, 

used alone or in conjunction with traditional chemo-

therapy. Because of the much higher costs of targeted 

therapies compared with conventional chemotherapy 

and the growing number of eligible patients (due to 

molecular subtyping) for individual agents, costs of 

targeted therapies as a group is an important contributor 

to growing expenditures for cancer treatments and an 

important issue of sustainability for all healthcare 

systems. All stakeholders – regulatory authorities, payers, 

industry, clinicians and patients need to communicate 

and develop strategies to enable access to effective (and 
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cost-effective) targeted therapies without overspending 

the healthcare budget. 

Current Czech health care system uses regulation tools 

in the pharmaceutical pricing and reimbursement process 

based on Act 48/1997. The pricing and reimbursement 

procedures are done by the State Institute for Drug 

Control, which is the main stakeholder in the decision-

making process. Marketing authorization holders and 

insurance funds also participate in this process. The 

official price of every product is calculated as the 

mean of the three lowest prices within the European 

Union reference basket. For highly innovative drugs, 

a temporary reimbursement can be granted for a period 

of 3 years. During the administrative proceeding, 

efficacy, safety, cost-effectiveness, and budget impact 

are assessed [26]. Targeted drugs are allocated to the 

“S” symbol class; they may be therefore charged to 

the health insurer solely by comprehensive cancer 

centres under an agreement concluded with the health 

insurer.   

The availability of the targeted therapy significantly 

increased the treatment costs in last fifteen years in 

the Czech Republic. The antineoplastic drugs make 

up almost 20% of the total drug consumption in 

financial terms and currently take the first place [8]. 

The data on clinical use and effectiveness of the 

targeted therapy in mCRC were collected using the 

clinical database called CORECT. The CORECT 

registry (http://corect.registry.cz) focuses on the 

collection of epidemiological and clinical data on 

mCRC patients treated with targeted therapies in 

the Czech Republic. The results were evaluated 

periodically and were mostly consistent with 

published RCTs. According to both national and 

European guidelines, patients with good 

performance status (ECOG 0-1) who progressed 

after targeted treatment, should be involved in 

another targeted therapy with different mechanism 

of action in the next line treatment [2, 28]. Due to 

the high cost of the targeted therapy, the careful 

selection of patients who may benefit most from 

such treatment is of paramount importance. 

Moreover, these increasingly expensive medicines, 

which showed benefit to patients in randomized 

clinical trials, should demonstrate their position in 

the real-world clinical settings. 

The aim of this real-world retrospective study was 

therefore to determine the direct medical cost and 

effectiveness (defined as progression-free survival 

and overall survival) of bevacizumab in the first line 

treatment followed by cetuximab or panitumumab 

in the second line treatment in mCRC patients with 

wild type Kirsten ras oncogene (WT KRAS). 

 

Materials and Methods 

The cost and effectiveness of targeted therapy in mCRC 

patients were retrospectively assessed between April 

2007 and May 2017 in the comprehensive cancer 

centre in the Czech Republic from the perspective of 

healthcare payer. Cost data (examinations, medication, 

hospitalizations) were collected from the initiation of 

evaluated treatment to any tumour response (RECIST 

criteria – CR - complete response, PR - partial response, 

SD - stable disease, PD - disease progression) and/ 

or to death. The costs of clinical examination and 

procedures include laboratory tests, genetic testing 

for KRAS mutation, ambulatory visits, radiotherapy 

during and after discontinuation of targeted treatment, 

and examination methods like computer tomography, 

ultrasound and positron emission tomography. 

Discounting was not considered because analysis is 

based on real world data with relatively short follow-

up of each patient. Costs were valued in CZK and 

converted to EUR (1 EUR = 26.23 CZK). The 

progression-free survival (PFS) was defined as the 

time from the targeted therapy initiation to the date of 

documented progression or death due to any cause. 

Overall survival (OS) was defined as the time from 

first line treatment initiation to the date of death due 

to any cause. 

The Ethics Committee of the Masaryk Memorial 

Cancer Institute, Brno, Czech Republic, granted their 

approval to the data analyses. 

Statistical analysis 

Descriptive statistics were used to summarize all study 

variables. Categorical variables are summarized by 

the percentage of patients in each treatment category; 

continuous variables are summarized by the mean 

to enable comparison of results with other studies. 

Statistical analyses were calculated in R software. The 

costs and progression/survival data have mostly right 

skewed distribution therefore a square root transformation 

was used to reach a normal distribution before application 

of further statistical analyses. A regression analysis of 

linear models was used to test a hypothesis that there 

is no dependence between two examined variables, 

and the decision followed a result of the F-statistic. 

The Welch two sample t-test was used to test a 

hypothesis that two examined variables have equal 

means. 

 

Results and Discussion 

Patients and effectiveness of mCRC treatment 

A total of 71 WT KRAS patients with mCRC were 

treated with bevacizumab in the first line therapy and 

cetuximab or panitumumab subsequently in the second 

line therapy between April 2007 and May 2017 in 

National Comprehensive Cancer Centre in the Czech 

Republic. There were 40 men (56%, median age 60.5 

years) and 31 women (44%, median age 60 years). 

Sixty-five patients were evaluated in the first line 

therapy. Six patients of 71 were excluded due to a 

missing date of the first line therapy completion. In 

the second line therapy, 51 patients were followed, 
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as 20 patients were excluded due to participation in a 

clinical trial, i.e. under different patient examination 

protocol and reimbursement conditions. Total 39 

patients died within the monitored period. Average 

follow-up in our study was 30 months. 

Bevacizumab in the first line treatment 

In the first line therapy, there were 35 men (54%, 

median age 60 years) and 30 women (46%, median 

age 60.5 years) analysed (Table I). The median 

progression free survival (PFS) on bevacizumab therapy 

was 9.7 months which is comparable to previous 

randomised study where median PFS in a group treated 

with XELOX or FOLFOX with bevacizumab was 9.4 

months [23]. A slightly higher effectiveness (median 

PFS 10.1 months) was observed in a retrospective 

observational study which evaluated the cost-effectiveness 

of the addition of bevacizumab to the regimen with 

irinotecan-fluorouracil in the first line treatment [22]. 

Women left the first-line therapy earlier than men did 

(median 7.6 and 11.0 months, respectively; p-value 

0.045 and t61.8 = 2.049), but the significant difference 

is not considered as clinically relevant. The regression 

analysis did not prove any dependence between the 

progression free survival and age of patients (F1.63 = 

0.31, p = 0.58). Disease progression was the most 

frequent reason for the first line treatment discontinuation 

(Table I). All patients underwent chemotherapy; seven 

patients (11%) underwent radiotherapy for metastases. 

The most common chemotherapy regimen was XELOX 

in 62% patients followed by FOLFOX in 18% of 

patients (Table II). Bevacizumab treatment was not 

terminated by surgery in any of our patients. WT KRAS 

status and good performance status (ECOG 0-1) was 

the reason for EGFRi administration in the second 

line treatment. 

Table I 

Baseline patient characteristics 

  

  

  

First line bevacizumab 

(total 65) 

N (%) 

Second line EGFRi 

(total 51) 

N (%) 

From the first line initiation to death 

 (total 39) 

N (%) 

Gender    

male 35 (54) 29 (57) 21 (54) 

female 30 (46) 22 (43) 18 (46) 

Median age       

male 60 61 60 

female                                     60,5 61,5 61,5 

Reasons for discontinuation 
   

disease progression 56 (86) 43 (84) - 

adverse events 6 (9) 3 (6) - 

other reasons* 3 (5) 4 (8) - 

complete response - 1 (2) - 

* Other reasons include rejection of treatment continuation and other reasons without exact specification. 

 

Table II 

Chemotherapy regimens in the first line treatment 

(N = 65) 
Regimen* No. of patients % of patients 

Bev+XELOX 40 62% 

Bev+FOLFOX 12 18% 

Bev+XELIRI 4 6% 

Bev+FOLFIRI 3 5% 

Bev+bFOL 4 6% 

Bev+FUFA 2 3% 
* XELOX – capecitabine,oxaliplatin; FOLFOX – leucovorin, 5-

fluorouracil, oxaliplatin; XELIRI – capecitabine, irinotecan; 

FOLFIRI – leucovorin, 5-fluorouracil, irinotecan; 

bFOL – leucovorin, 5-fluorouracil bolus, oxaliplatin; 

FUFA – leucovorin, 5-fluorouracil. 

 

EGFRi in the second line treatment 

Fifty-one patients were evaluated in the second line 

treatment with EGFRi (cetuximab 41 patients, 80% 

and panitumumab 10 patients, 20%). Total 46 patients 

underwent the treatment with EGFRi and irinotecan, 

5 patients underwent the treatment with EGFRi in 

monotherapy. The disease progression was the most 

common reason for treatment discontinuation (Table 

I); the median PFS on EGFRi was 5.0 months which 

is slightly favourable for our study population. Previous 

results of ASPECCT study showed median PFS 4.4 

months and 4.2 months in patients treated with cetuximab 

and panitumumab, respectively [21]. Complete response 

followed by surgery was recorded in one patient. 

Although, recent data from the real clinical practice 

suggest that patients treated with bevacizumab before 

EGFRi had a poorer PFS on EGFRi therapy compared 

to patients without a previous bevacizumab therapy 

[5], the real-world outcomes on patient-level population 

in our analysis confirmed longer PFS in sequential 

therapy compared to RCT. The age of patients had no 

influence on the therapy duration (F1.49 = 0.99, p = 

0.32). 

Sequential therapy from the first line treatment to 

death 

Thirty-nine patients who died during our follow-up 

period were analysed in the sequential therapy of 

bevacizumab followed by EGFRi. After discontinuation 

of the second line treatment with EGFRi four patients 

were treated with regorafenib in the third or fourth 

line treatment. Two patients (5%) underwent palliative 



FARMACIA, 2020, Vol. 68, 3 

 575 

radiotherapy after discontinuation of targeted therapy. 

The median overall survival (OS) was 27.2 months. 

Kaplan-Meier curve has been created for estimation of 

survival probability of patient´s population (Figure 1). 

 

 
Figure 1. 

Kaplan-Meier curve of survival probability of 

patient´s population 

 

Costs of mCRC treatment 

Bevacizumab in the first line treatment. The mean 

total cost of treatment in the first line therapy was 

EUR 32,107 per patient, mean monthly cost was EUR 

3,034. The highest percent of the costs was spent on 

bevacizumab; 77% of the total costs to first PD 

(EUR 24,789/patient); Table III, Figure 2. 

 

 
Figure 2. 

The structure of costs in bevacizumab first line 

treatment 

 

EGFRi in the second line treatment. The total mean 

costs of treatment irrespective of the drug agent (cetuximab 

or panitumumab) were EUR 24,510 in the second 

line therapy. The mean monthly cost was EUR 4,889; 

cetuximab EUR 4,795 and panitumumab EUR 5,276, 

respectively. The evaluated drugs formed 86% (EUR 

20,994/patient) of total costs; Table III, Figure 3. 

 

 
Figure 3. 

The structure of costs in EGFRi second line 

treatment 

Table III 

The treatment outcomes and health care costs (EUR) according to the treatment line  
First line bevacizumab 

(N = 65) 

Second line EGFRi 

(N = 51) 

From the first line initiation to death 

 (N = 39) 

Treatment outcomes    

PFS* (months) 9.7 5.0  

OS* (months)   27.2 

Mean costs (EUR)    

Targeted drugs 24,789 20,994 48,582 

Other medications 4,368 2,048 9,645 

Examinations 1,369 829 3,185 

Hospitalizations 1,582 639 2,270 

Total 32,107 24,510 63,682 
* PFS – progression-free survival; OS – overall survival 

 

Cost of sequential therapy from the first line treatment 

to death 

The mean cost of sequential therapy from the initiation 

of first line treatment to death was EUR 63,682; mean 

monthly cost was EUR 2,344. The cost of targeted 

therapy (bevacizumab, EGFRi and regorafenib) made 

up 76% (EUR 48,582/patient), other medications 15% 

(EUR 9,645/patient), examinations 5% (EUR 3,185/ 

patient) and hospitalizations 4% (EUR 2,270/patient) 

of total costs; Table III. 

Our cost analysis confirms high proportion of costs 

spent on targeted therapy and these findings are consistent 

with previous research in the Czech Republic [14, 20]. 

During the pricing and reimbursement procedure, 

the cost effectiveness analysis of targeted agents is 

assessed, but the calculation of costs and effectiveness 

is not based on patient-level data. It is essential to 
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verify the cost-effectiveness in the real-world clinical 

settings. Although systems of pricing and reimbursement 

vary significantly, high cost of targeted therapy is a 

worldwide issue. The study of real-world direct health 

care costs in mCRC patients in the United States 

showed that the average cost of cancer regimen per 

month was USD 13,646 if bevacizumab in the first 

line and cetuximab in the second line had been 

administered, which presented 60% of the total costs. 

Similarly, the average cost per month was USD 12,773 

if bevacizumab in the first line and panitumumab in 

the second line had been used [18]. However, direct 

costs in the Czech Republic and USA are not comparable 

due to different socioeconomic status and distinctions 

in a way of reimbursement of health care.  

European cost data could be more comparable due 

to the similarities in health care systems and size of 

the economies. For instance, Portuguese cost study 

calculated the cost EUR 2,057 per month with 

bevacizumab in the first line treatment [25] which 

correspond to our study - the average cost of 

bevacizumab was about EUR 2,500. In the Finish 

cost study of CRC the total direct medical costs were 

approximately EUR 2,380 per month [9]. These 

findings correlate to our results where average total 

costs from initiation of targeted treatment to death 

generated approximately EUR 2,344 per patient and 

month. 

Our study has been focused on WT KRAS patients 

with mCRC who underwent the sequential therapy with 

bevacizumab in the first line and EGFRi (cetuximab 

or panitumumab) in the second line treatment in the 

real-world clinical practice in the Czech Republic. 

According to ESMO (European Society for Medical 

Oncology) guidelines for the management of patients 

with mCRC, the patients with RAS wild-type disease 

who received bevacizumab in the first line should be 

considered for treatment with EGFRi in combination 

with FOLFIRI or irinotecan [14, 28]. Currently, median 

OS in patients with mCRC is approximately 30 months 

which is almost three times compared to the era before 

targeted drugs [12]. However, the increased use of 

targeted therapies and the ever-rising drug costs make 

the current system unsustainable. Increased costs due 

to the administration of bevacizumab, cetuximab and 

panitumumab in mCRC treatment were published in 

recent years [11, 13, 17, 22]. The analysis of medical 

cost associated with the treatment of CRC in the USA 

indicated that the average annualized cost for patients 

with metastasis was nearly twice as big as for those 

without metastasis [24]. Given that the medication 

costs account for the major part of total expenses in 

the Czech Republic, the key issue remains to be the 

selection of patients with highest expected benefit from 

the targeted therapy. Mutations of RAS oncogene 

were identified as a predictive marker in mCRC and 

the confirmed WT RAS oncogene is necessary for 

initiation of cetuximab and panitumumab administration. 

The testing of RAS oncogene before initiation of 

EGFR inhibitors treatment was proven to be cost-

effective [19] and became a standard examination 

routine in the Czech Republic. The cost of KRAS 

mutation examination is EUR 219 per patient. This 

cost is included in the costs of examination in the first 

line treatment (before EGFRi treatment initiation) in 

our analysis. Nevertheless, there is no clinical biomarker 

currently available for bevacizumab administration 

[27]. The additional analysis of bevacizumab clinical 

benefit relative to KRAS mutation status confirmed 

independence on KRAS mutation [16]. 

Limitations 

The main limitation of our study is a relatively small 

group of patients treated in one comprehensive cancer 

centre and the possible underestimation of end-of-life 

costs in selected patients who were treated in another 

hospital. However, most patients remain in care at 

one cancer clinic even after the termination of targeted 

therapy. Another limiting factor is the lack of data on 

other co-morbidities, but good performance status 

(ECOG 0-1) is required to initiate targeted treatment, 

which excludes serious co-morbidities that would 

significantly increase costs. Due to the later approval 

of reimbursement of panitumumab and hence less 

experience with it in the Czech Republic, we have 

more patients treated with cetuximab in the second 

line treatment (20% vs. 80% of patients). 

 

Conclusions 

The cost of the targeted therapy was a major cost driver 

in our analysis and confirmed analogous structure to 

other pharmacoeconomic studies suggesting transferability 

of our findings despite a relatively small study population. 

The cost of bevacizumab in the first line treatment 

of mCRC was EUR 24,789 per patient and formed 

77% of the total cost until disease progression. 

Similarly, the costs of EGFR inhibitors in the second 

line treatment of mCRC were EUR 20,994 per patient 

and made up 86% of the total costs until the second 

disease progression on targeted therapy. The average 

total costs since the initiation of the first line treatment 

to death were EUR 63,682 per patient, of which the 

targeted drugs made up 76% (EUR 48,582/patient). 

The effectiveness of targeted treatment corresponded 

to the efficacy published in previous clinical trials, 

median PFS 5.0 months achieved in the second line 

treatment with EGFRi is slightly favourable for our 

study population in comparison with published clinical 

trials. 

The issue of expenditure on targeted treatment remains 

a topic between regulatory authorities, heath care 

payers, the clinical community, the patients and the 

public. Regulatory authorities in individual countries 

re-evaluate the benefit of targeted drugs according to 

the outcomes in the real-world clinical practice not 

only in oncology but also in the treatment of other 
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diseases where these new expensive drugs are used. 

Based on current evidence, the other prospective studies 

on patient-level data could help to evaluate clinical 

outcomes and to reassess cost-effectiveness of the 

targeted therapy in the real-world clinical practice. 

The careful selection of patients who may benefit most 

from such treatment remains a key issue, which could 

help to reduce the impact of high cost of targeted 

agents in the health care system. Our results which 

present the real-world data can be also used for 

prediction of future costs spent on mCRC. 
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