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Objective: To explore cost-effectiveness of targeted therapies (TTs) in the treatment of 

metastatic renal cell carcinoma (mRCC) in a real-world context using a nationwide population-

based approach.

Methods: Data on patients diagnosed with mRCC between 2002 and 2012 were extracted from 

Swedish national health data registers. To facilitate comparisons of patients diagnosed before and 

after TT introduction to the market, three cohorts were derived: pre-TT introduction (preTT), 

patients diagnosed 2002–2005; early TT introduction (TTi), patients diagnosed 2006–2008; 

and late TT introduction (TTii), which was limited to patients diagnosed 2009–2010 to ensure 

availability of total health care resource utilization (HCRU) data. Patients were followed until 

end of 2012. The value of TTs across cohorts was estimated using mean HCRU costs per life-

year (LY) gained. Data on HCRU were obtained through national health registers for dispensed 

medication and inpatient and outpatient care, and the associated costs were estimated using 

the Lin method to account for censoring. LYs gained were defined as the difference in mean 

survival over the study period.

Results: The preTT, TTi, and TTii cohorts consisted of 1,366, 1,158, and 806 patients, respec-

tively. Mean survival in years from mRCC diagnosis was 1.45 in the preTT cohort, 1.62 in the 

TTi cohort, and 1.83 in the TTii cohort. The respective mean total HCRU cost per patient over 

the study period was US$16,894, US$29,922, and US$30,037. The cost per LY gained per cohort 

was US$78,656 for TTi vs preTT, US$34,132 for TTii vs preTT, and US$523 for TTii vs TTi.

Conclusion: Given common willingness-to-pay per LY gained thresholds, this study in a 

real-world population suggests the use of TTs in the Swedish mRCC population is increasingly 

cost-effective over time.

Keywords: metastatic renal cell carcinoma, targeted therapy, cost-effectiveness, Sweden

Introduction
Renal cell carcinoma (RCC) accounts for ~2% of all cancers and results in ~102,000 

deaths worldwide.1 In Sweden 1,100 new cases of RCC were reported annually between 

2010 and 2014, and the disease is estimated to cause ~500 deaths per year. The age-

adjusted incidence rate per 100,000 individuals has increased during the past 10 years; 

however, the age-adjusted death rate has decreased during the same period.2

Many patients with RCC present with advanced or unresectable disease, and up to 

20% of patients treated by nephrectomy for localized disease will eventually relapse.3 

Due to lack of effectiveness, traditional chemotherapeutic agents are not used in the 

treatment of metastatic renal cell carcinoma (mRCC). Radiation therapy is mainly 

indicated as palliative care in patients with bone or brain metastases or, less often, 
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delivered as high-dose stereotactic radiotherapy to achieve 

disease control in patients with limited spread of disease. In 

1994, the first immunomodulatory agent for the treatment 

of mRCC, IFN-α, was approved by the Swedish Medical 

Products Agency. Although remission rates of above 20% 

were achieved in some cases, the resulting survival benefit 

with IFN-α therapy was modest compared with patients who 

received placebo.4

Since the first targeted therapies (TTs) were approved in 

2005, the prognosis for patients with mRCC has improved.5–7 

In clinical trials, TTs have mainly shown improvement in 

progression-free survival. In 2014, approved TTs for the 

treatment of mRCC in Sweden included sunitinib, sorafenib, 

temsirolimus, bevacizumab plus IFN-α, everolimus, 

pazopanib, and axitinib.8 As most of these agents are 

administered orally, the burden of administration and the 

associated costs of treatment have decreased, while drug 

costs have increased.9–12

The cost-effectiveness of TTs in the mRCC setting has 

been evaluated using clinical trial data.13,14 A number of 

studies have confirmed the survival benefits of TTs in patients 

with mRCC in clinical practice15–23 and one study estimated 

the cost impact of TTs in a national cohort of patients with 

mRCC;11 however, to the best of our knowledge, no studies 

have estimated the cost-effectiveness of TTs using real-

world data. Given the limited trial data evidence of overall 

survival gains and uncertain external validity of randomized 

clinical trials, real-world cost-effectiveness analyses may 

provide important information for clinicians and payers on 

the value of TTs in the treatment of patients with mRCC 

and, in turn, facilitate improved decision-making and 

resource allocation. Therefore, the objective of this study 

was to explore cost-effectiveness of TTs in the treatment of 

patients with mRCC by estimating and comparing survival 

and health care resource utilization (HCRU) costs in relation 

to the introduction of TTs in Sweden using real-world data 

from population-based registers. Overall survival and factors 

influencing overall survival in this population have previously 

been published by Lindskog et al.22

Materials and methods
Data sources
This study retrospectively analyzed patient-level data stored 

and maintained by the Swedish National Board of Health 

and Welfare. Data were extracted from three registers: the 

Swedish Cancer Registry (SCR), the Swedish Prescribed 

Drug Registry (PDR), and the National Patient Registry 

(NPR). Data were linked and anonymized prior to extraction, 

and ethical approval was granted by the Regional Ethical 

Review Board (2013/1551-31/4) in Stockholm.

The SCR was used to identify patients and to estimate 

survival. The register contains information on all patients 

diagnosed with cancer since 1958. Information on dispensed 

drugs, including dates, amounts, and costs was collected 

from the PDR, which covers all prescriptions dispensed 

in Swedish pharmacies after July 2005. Information on 

inpatient and outpatient care was retrieved from the NPR, 

which contains information on inpatient care with complete 

national coverage since 1987 and specialist outpatient care 

since 2001, albeit with regional variations in the quality.

The Swedish national health data registers have been 

extensively used in population-based health care research. 

Overall, the completeness and quality of the data are high, 

as described in detail elsewhere.24–26

study design and patient population
This study was designed to compare patient populations 

treated for mRCC before and after the introduction of TTs. 

The study sample and predefined algorithm identifying 

patients have been described in detail elsewhere.21,22 An 

overview of the study design is presented in Figure 1. The 

final study sample was derived from patients with a registered 

diagnosis of RCC, according to ICD-10 codes C64.0 and 

C64.9, from the start of the registry through 2012. In order 

to exclude patients with Wilms tumors, patients younger 

than 16 years of age at RCC diagnosis were excluded. The 

algorithm identified patients with mRCC using the following 

criteria: 1) evidence of metastatic disease at diagnosis (M1 

disease); 2) evidence of secondary (malignant) tumors; or 3) 

had visited an oncology clinic. The date of mRCC diagnosis 

was defined as the earliest of the three qualifying events. 

The algorithm could be applied from 2002. After identifying 

patients in the SCR, patient-level data were linked with data 

from the NPR and PDR to obtain information on resource 

utilization.

The patient population was divided into three cohorts 

based on the year of mRCC diagnosis to reflect the evolving 

treatment landscape of mRCC during the study period: 

pre-TT introduction ([preTT]; patients diagnosed 2002–

2005) period, early TT introduction ([TTi]; patients diagnosed 

2006–2008), and late TT introduction ([TTii]; patients 

diagnosed 2009–2010). For preTT patients, the treatment 

landscape of mRCC was dominated by IFN-α, whereas TTs 

were introduced and predominantly used in the TTi and 

TTii time periods. It is notable that sunitinib and sorafenib 

were introduced and reimbursed in Sweden during the TTi 
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period, whereas pazopanib, everolimus, and axitinib came to 

market during the TTii time period. All included patients were 

followed from mRCC diagnosis until death or the end of the 

follow-up. Given that HCRU data were only available until 

December 31, 2012, the follow-up period was restricted to 4 

years to enable cost comparisons across cohorts. The preTT 

and TTi cohorts correspond to the Lindskog et al cohorts,22 

whereas the TTii cohort in this study is limited to patients 

diagnosed 2009–2010, excluding those who were diagnosed 

later due to a lack of follow-up data.

analysis
Mean survival was estimated for a follow-up period of 4 

years using standard Kaplan–Meier methodology.27 HCRU 

comprised specialist outpatient care, inpatient care, and 

dispensed medications. Expected HCRU costs were estimated 

using the Lin methodology to account for censoring.28 First, 

the time period was divided into 3-month intervals, using the 

date of mRCC diagnosis as the index date, with a maximum 

follow-up of 4 years (16 intervals). Thereafter, mean cost per 

resource category was calculated within each interval based 

on patients who were alive at the start of that interval. Mean 

costs were then multiplied by the Kaplan–Meier estimator of 

the probability of being alive at the start of the interval. For 

each cohort, the costs were summed across all cost categories 

and all 16 intervals to estimate the mean cost per patient over 

4 years for the three cohorts.

For analysis of HCRU costs, the cost per health care visit 

was derived through the diagnosis-related group (DRG) 

system used in Nordic countries, NordDRG. Weights for each 

DRG code were available in the NPR, and the corresponding 

costs were provided by the Swedish National Board of Health 

and Welfare. The costs attached to the DRG codes were 

assigned to all events for outpatient and inpatient care. As 

the aim was to capture resource use related to the diagnosis 

of mRCC, only visits with RCC as the primary diagnosis 

were included in the analysis.

Information on resource use of prescribed medication 

was available beginning July 2005. Therefore, resource use 

prior to this date was imputed using data from 2005. Since 

information on diagnosis is not available in the PDR, all 

drug costs were included in this analysis. Drug costs were 

presented separately for TT prescriptions (imatinib, gefitinib, 

erlotinib, sunitinib, sorafenib, dasatinib, lapatinib, nilotinib, 

everolimus, pazopanib, and axitinib) and other prescribed 

drugs (all drugs except TTs).

Cost-effectiveness was defined as incremental costs per 

life-year (LY) gained. Incremental costs were defined as the 

difference in mean total costs between cohorts; LYs gained were 

defined as the difference in mean survival between cohorts.

SCR:
Patients, age ≥16 
years, diagnosed
with RCC

December 31, 2012

SCR and NPR:
mRCC diagnosis 
derived as the 1st

of 3 events

Diagnosis of secondary
(malignant) tumor

RCC patient selection -ICD-10, C64.0 and C64.9 (corresponding to  ICD-7 codes I800 or 1809, excluding I1801)

First visit to an 
oncology clinic

Diagnosis of primary 
metastasis (M1 disease)

January 1, 2002

Cohorts based on 
year of diagnosis

Early TT introduction  
2006–2008 (TTi)

Late TT introduction  
2009–2010 (TTii)

Pre TT introduction 
2002–2005 (preTT)

Follow-up

ICD10:
C64.0-ICDO2
C64.9-ICDO3

mRCC patient identification

1958

mRCC identification

2012

Figure 1 Study design: identification of Swedish patients diagnosed with mRCC between 2002–2010.
Abbreviations: mRCC, metastatic renal cell carcinoma; nPR, national Patient Registry; PreTT, pre-TT introduction (patients diagnosed with mRCC 2002–2005); RCC, 
renal cell carcinoma; sCR, swedish Cancer Registry; TT, targeted therapies; TTi, early TT introduction (patients diagnosed with mRCC 2006–2008); TTii, late TT introduction 
(patients diagnosed with mRCC 2009–2010).
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In many regions in Sweden, TTs are dispensed at hospital 

clinics and are therefore not captured in the PDR. The 

structure of the DRG code implies that the cost of drugs used 

for hospitalized patients should be included in the DRG cost 

and thus, included in the cost for inpatient and outpatient care. 

However, as it is not possible to assess to what extent TT costs 

were accounted for, a sensitivity analysis was conducted, 

adding an estimate of the costs of TTs dispensed in hospitals. 

National sales statistics for TTs by drug, region, and month 

were used to estimate the proportions of sales dispensed in 

hospitals vs prescribed by clinicians and administered outside 

of the hospital setting.

All costs were calculated in 2014 Swedish Krona (SEK) 

(1 SEK = US$ 0.12) and all analyses were conducted using 

Stata version 14 (StataCorp LP, College Station, TX, USA).

Results
A total of 52,467 patients aged ≥16 years were identified in 

the SCR as having been diagnosed with RCC. After imple-

mentation of the algorithm that derived mRCC diagnosis, 

3,430 patients with evidence of mRCC between January 1, 

2002 and December 31, 2010, remained in the final study 

sample (preTT, n=1,466; TTi, n=1,158; TTii, n=806). A 

detailed description of the sequential sample selection is 

presented in Figure 2. Overall, ~61% of the patients in the 

study sample were male, with a mean age of 66 years at 

the date of RCC diagnosis. The vast majority of patients 

(91%) were diagnosed with RCC after 1995. The mean 

age at the date of diagnosis of mRCC was 69 years. Only 

minor differences in baseline characteristics were observed 

across cohorts (Table 1). The qualifying events for an 

mRCC diagnosis (M1 disease, secondary malignant tumor, 

or oncology clinic visit) were evenly distributed overall; 

however, differences were observed across cohorts. The 

proportion of patients with an oncology clinic visit as the 

qualifying mRCC event was 39.8% in the preTT cohort, 

24.7% in the TTi cohort, and 24.3% in the TTii cohort. 

Although the proportion of patients with M1 disease and 

secondary malignant tumors, respectively, as qualifying 

mRCC events were similar in the preTT (28.0% and 32.2%) 

and TTii (38.2% and 37.5%) cohorts, M1 disease was more 

prevalent as the qualifying event in the TTi cohort (44.3% 

and 31.0%).

Mean estimated survival in years was 1.45, 1.62, and 1.83 

for the preTT, TTi, and TTii cohorts, respectively. Thus, pair-

wise cohort comparisons estimated the LYs gained to 0.17, 

0.39, and 0.22 for the TTi vs preTT, TTii vs preTT, and TTii 

vs TTi cohorts, respectively (Table 2). The observed mean 

Figure 2 Patient selection flow chart: Swedish patients diagnosed with mRCC between 2002–2010.
Abbreviations: mRCC, metastatic renal cell carcinoma; PreTT, pre-TT introduction (patients diagnosed with mRCC 2002–2005); RCC, renal cell carcinoma; TT, targeted 
therapies; TTi, early TT introduction (patients diagnosed with mRCC 2006–2008); TTii, late TT introduction (patients diagnosed with mRCC 2009–2010).

Patients diagnosed with RCC between 1958 and 2012
N=53,252  

Patients with no evidence of mRCC between January 1, 2002 and December 31, 2012 
N=48,250

N=52,467

Patients ≤16 years of age at date of RCC diagnosis
N=785

Patients with insufficient follow-up, identified as mRCC patients after December 31, 2010
N=787

N=4,217

Final study sample: 3,430 patients; 
preTT: 1,466 (42.7%); TTi: 1,158 (33.8%); TTii: 806 (23.5%)
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differences in survival across all cohorts was supported by 

a log-rank test (P<0.001).

The analysis of HCRU costs stratified by cohort is pre-

sented in Table 2 and Figure 3. The estimated 4-year mean 

total HCRU costs per patient were $16,894 in the preTT 

cohort, $29,922 in the TTi cohort, and $30,037 in the TTii 

cohort. The higher total costs were driven by increases 

in TT costs ($1,217 in the preTT cohort; $11,817 in the 

TTi cohort; and $14,058 in the TTii cohort). Although 

all HCRU cost categories were higher in the TTi cohort 

relative to the preTT cohort, inpatient and outpatient care 

costs decreased by $475 and $8, respectively, in the TTii 

cohort compared with the preTT cohort. The higher TT 

costs observed in the TTii compared with the TTi cohort 

($2,242) were partially offset by lower costs for inpatient 

care ($1,445), outpatient care ($363), and other drug costs 

($319), resulting in an incremental mean total cost of $115 

(Table 2).

Table 1 Baseline characteristics of swedish patients with mRCC (2002–2010) by period of diagnosis

Characteristics Total 
(2002–
2010) 
N=3,430

PreTT 
(2002–
2005) 
n=1,466

TTi (2006–
2008) 
n=1,158

TTii (2009–
2010) 
n=806

P-valuea

sex, n (%)
Male 2,103 (61.3) 882 (60.2) 709 (61.2) 512 (63.5) 0.289
Female 1,327 (38.7) 584 (39.8) 449 (38.8) 294 (36.5)

age at RCC diagnosis, mean (sD), years 65.97 (10.95) 65.39 (11.11) 66.32 (10.89) 66.51 (10.71) 0.034
Year of RCC diagnosis, n (%)

Before 1980 35 (1.0) 21 (1.4) 9 (0.8) 5 (0.6)
1981–1985 38 (1.1) 24 (1.6) 9 (0.8) 5 (0.6)
1986–1990 69 (2.0) 41 (2.8) 19 (1.6) 9 (1.1)
1991–1995 153 (4.5) 86 (5.9) 41 (3.5) 26 (3.2)
1996–1900 330 (9.6) 211 (14.4) 79 (6.8) 40 (5.0)
2001–2005 1,365 (39.8) 1,083 (73.9) 211 (18.2) 71 (8.8)
2006–2010 1,440 (42.0) 0 790 (68.2) 650 (80.6)

age at mRCC diagnosis, mean (sD), years 68.63 (10.78) 68.13 (10.84) 68.87 (10.74) 69.18 (10.71) 0.060
mRCC diagnosis derivation, n (%)

Diagnosis of primary metastasis (M1 disease) 1,231 (35.9) 410 (28.0) 513 (44.3) 308 (38.2) <0.001
Diagnosis of secondary (malignant) tumor 1,133 (33.0) 472 (32.2) 359 (31.0) 302 (37.5)
First visit to an oncology clinic 1,066 (31.1) 584 (39.8) 286 (24.7) 196 (24.3)

Note: aKruskal-Wallis and χ2 tests were used to assess differences across cohorts.
Abbreviations: mRCC, metastatic renal cell carcinoma; PreTT, pre-TT introduction (patients diagnosed with mRCC 2002–2005); TT, targeted therapies; TTi, early TT 
introduction (patients diagnosed with mRCC 2006–2008); TTii, late TT introduction (patients diagnosed with mRCC 2009–2010).

Table 2 estimated mean costs, mean survival, estimated lYg, and cost per lYg per patient in swedish patients with mRCC (2002–
2010) by period of diagnosis

Outcomes Estimates by cohort Pairwise cohort comparisons

PreTT 
(2002–2005) 
n=1,466

TTi 
(2006–2008) 
n=1,158

TTii 
(2009–2010) 
n=806

TTi vs 
PreTT

TTii vs 
PreTT

TTii vs 
TTi

Costs, $
inpatient costs 9,978 10,948 9,503 970 –475 –1,445
Outpatient costs 2,802 3,157 2,794 356 –8 –363
Other drug costs 2,898 4,001 3,682 1,103 784 –319
TT costs 1,217 11,817 14,058 10,600 12,842 2,242

Total costs 16,894 29,922 30,037 13,028 13,143 115
Mean survival, years 1.45 1.62 1.83
lYg 0.17 0.39 0.22
Cost per lYg, $ 78,656 34,132 523

Notes: all costs are represented in Us$.
Abbreviations: lYg, life-years gained; mRCC, metastatic renal cell carcinoma; PreTT, pre-TT introduction (patients diagnosed with mRCC 2002–2005); TT, targeted 
therapies; TTi, early TT introduction (patients diagnosed with mRCC 2006–2008); TTii, late TT introduction (patients diagnosed with mRCC 2009–2010). 
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Given the survival benefits and costs presented, mean 

incremental costs per LY gained were estimated at $78,656, 

$34,132, and $523 for the TTi vs preTT, TTii vs preTT, and 

TTii vs TTi cohorts, respectively (Table 2).

The results of the sensitivity analysis are presented in 

Table 3. Assuming that drug costs were not accounted for 

in DRG costs, the total costs increased by 2% in the preTT 

cohort, 15% in the TTi cohort, and 21% in the TTii cohort. 

The increases in total costs resulted in a mean incremental 

cost per LY gained estimated at $103,171, $49,297, and 

$8,629 for the TTi vs preTT, TTii vs preTT, and TTii vs TTi 

cohorts, respectively (Table 3).

Discussion
Using data from Swedish national registers, the objective of 

this study was to explore the real-world cost-effectiveness 

of TTs in patients with mRCC. TT improved survival in 

patients with mRCC, but also increased costs. Compared 

with the time before TTs were available (2002–2005), costs 

per LY gained were estimated at $78,656 for the early TT 

$0

$5,000

$10,000

$15,000

$20,000

$25,000

$30,000

$35,000

$40,000

U
S$

PreTT
(2002–2005) 

TTi 
(2006–2008)

TTii 
(2009–2010)

Inpatient costs Outpatient costs Other drug costs TT costs

Figure 3 estimated mean costs per patient in swedish patients with mRCC (2002–2010) by period of diagnosis.
Abbreviations: mRCC, metastatic renal cell carcinoma; PreTT, pre-TT introduction (patients diagnosed with mRCC 2002–2005); TT, targeted therapies; TTi, early TT 
introduction (patients diagnosed with mRCC 2006–2008); TTii, late TT introduction (patients diagnosed with mRCC 2009–2010).

Table 3 sensitivity analysis including TT dispensed at hospitals: estimated mean costs, mean survival, estimated lYg, and cost per lYg 
per patient in swedish patients with mRCC by period of diagnosis

Outcomes Estimates by cohort Pairwise cohort comparisons

PreTT 
(2002–2005) 
n=1,466

TTi 
(2006–2008) 
n=1,158

TTii 
(2009–2010) 
n=806

TTi vs 
PreTT

TTii vs 
PreTT

TTii vs 
TTi

Costs, $
inpatient costs 9,978 10,948 9,503 970 –475 –1,445
Outpatient costs 2,802 3,157 2,794 356 -8 –363
Other drug costs 2,898 4,001 3,682 1,103 784 –319
TT costs 1,563 16,223 20,244 14,661 18,681 4,021

Total costs 17,240 34,329 36,223 17,089 18,982 1,894
Mean survival, years 1.45 1.62 1.83
lYg 0.17 0.39 0.22
Cost per lYg, $ 103,171 49,297 8,629

Notes: all costs are presented in Us$.
Abbreviations: lYg, life-years gained; mRCC, metastatic renal cell carcinoma; PreTT, pre-TT introduction (patients diagnosed with mRCC 2002–2005); TT, targeted 
therapies; TTi, early TT introduction (patients diagnosed with mRCC 2006–2008); TTii, late TT introduction (patients diagnosed with mRCC 2009–2010).
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period (2006–2008) and $34,132 (2009–2010) for the later 

TT period. Although there is no official threshold for the 

willingness-to-pay per LY gained in Sweden, the revealed 

willingness-to-pay per quality-adjusted LY (QALY) ranges 

between $84,000 and $144,000,29 indicating the observed 

costs per LY gained would be considered cost-effective. 

The results from the sensitivity analysis, wherein TT costs 

increased by 2%, 15%, and 21% for the preTT, TTi, and TTii 

cohorts, respectively, further confirm that the cost per LY 

gained could be considered cost-effective for the TTi and TTii 

cohorts when compared with the preTT cohort. However, TT 

costs in this analysis are potentially overestimated, as they 

are partly accounted for in the DRG unit cost. Although the 

total HCRU costs increased slightly from TTi to TTii, the 

costs for inpatient as well as outpatient care decreased. One 

contributing factor could be the increased median treatment 

duration of each patient treated with TTs in the late-TT era. 

In other words, shorter or fewer treatment breaks would be 

expected with growing experience in using TTs among uro-

oncologists. For example, a switch from a 4-week-on/2-week-

off (4/2) schedule to a 2-week-on/1-week off (2/1) schedule 

when administering sunitinib, as adopted by most clinicians 

in the late-TT period (albeit this was not the schedule tested 

in the registration study), has proven more tolerable while 

maintaining dose intensity, thus enabling prolonged, effective 

treatment.30–37 In parallel, improved proactive and early 

handling of adverse events may have led to fewer health care 

visits or procedures in the TTii era.

The increase in mean total HCRU cost per patient over 

the study period was predominately driven by TT costs. These 

findings are qualitatively similar to results from a US study 

on privately insured patients with mRCC wherein costs were 

found to have increased from $11,458 in 2004 to $68,660 

in 2010.9 The discrepancy in absolute costs and relative cost 

increases between the two studies is difficult to assess without 

access to the underlying data, but may reflect differences in 

health care delivery and costing of resources. In contrast, a 

population-based study of patients with mRCC conducted in 

Denmark found no difference in total HCRU costs associated 

with the introduction of TTs. That study compared costs in 

a TT-treated cohort (n=439) in the years 2006–2009 to an 

immunology-treated cohort (n=192) during 2002–2005.11 

Costs were calculated over a 2-year follow-up period and were 

presented per patient per year. The study showed that higher 

outpatient, radiology, and drug costs in the TT cohort were 

offset by inpatient care and radiotherapy costs, resulting in a 

total cost of €27,856 in the immunology-treated cohort and 

€27,676 in the TT-treated cohort (P=0.5). It should be noted 

that the costs of immunotherapy and TTs were also calculated 

separately and were not included in the main analysis, as it 

was assumed that these costs were (at least partly) accounted 

for in the DRG unit cost.

Although potential cost offsets in inpatient care were 

observed in the present study, these offsets were substantially 

smaller compared with the Danish study. Notably, the health 

care costs in Denmark in the pre-TT time period were 

considerably higher (two- to three-fold) for inpatient as well 

as outpatient care. This likely reflects the widespread use of 

costly immunotherapies, including IL-2, in Denmark in the 

pre-TT era, as opposed to Sweden where high-dose IL-2 was 

not approved.11,38 Hence, it is not surprising that the switch 

from earlier therapies to TTs in Denmark had less impact on 

total costs compared with Sweden. Moreover, the differences 

in results may reflect an underestimation of actual costs in 

the Danish study from using the DRG tariffs.11,39

The present study has certain limitations originating from 

the type of available data. In addition to the mRCC diagnosis 

derived by an algorithm,21,22 not all relevant health care 

resources were captured. For example, resource utilization 

as registered in the NPR did not include primary care or 

specialized outpatient care provided by any medical personnel 

not registered as a specialized doctor, which excludes costs 

carried by the patient, home-based palliative care, informal 

care provided by the patient’s relatives and friends, and indirect 

costs in terms of productivity losses. Furthermore, as the 

NPR lacks an informative and direct link between resource 

utilization and its underlying cause, treatment-related costs for 

adverse events could not be explicitly derived. However, costs 

associated with treatment-induced adverse events managed 

in a hospital setting were encompassed by the total cost of 

HCRU. Although information on the costs of adverse events 

outside of the hospital setting are lacking,40 previous research 

has shown that these costs are likely to be low in relation to 

the total costs (<2%–3%) due to a low incidence of severe 

and costly adverse events with the currently approved TTs.41,42 

Additionally, while we were able to estimate survival benefits, 

health-related quality of life (HRQoL) is not captured in 

the registers. Therefore, a QALY estimate that incorporates 

impact of disease and treatment-related symptoms and 

patient’s functioning could not be performed. However, in 

this context, the Swedish dental and pharmaceutical benefits 

agency prefers experience-based HRQoL estimates, which 

generally place survival at a relatively high value compared 

with HRQoL.43 In addition, because this analysis was 

performed using Swedish registry data, the results may not be 

generalizable to other settings. Finally, the survival and cost 
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impacts of TTs were estimated using cohorts stratified by year 

of diagnosis, and therefore, factors other than TTs that have 

changed over time may confound the results.

This study also has several strengths. Analysis of real-

world data from administrative registers ensures that patients 

are treated in accordance with clinical practice and removes 

the possibility of the Hawthorne effect bias.44–46 Further, 

according to the previously described algorithm, all patients in 

Sweden diagnosed with mRCC between January 1, 2002 and 

December 31, 2010 were included in the study, minimizing 

selection bias and improving generalizability. In addition, 

the population-based design using data from national health 

care registers substantially reduces study attrition and loss 

to follow-up. Bias in cost estimation has also been reduced 

by applying the Lin methodology.28 Alternative methods for 

estimating HCRU costs would restrict the analysis to patients 

with complete follow-up time or include all observed costs. 

However, this would lead to biased estimates, as the analysis 

would be restricted to patients with either a short survival 

period or an early date of diagnosis, or exclusion of costs 

that occurred after censoring, and would have resulted in 

underestimation of costs.

Further research is needed. As the rapidly expanding and 

more individualized mRCC treatment options become avail-

able, there are concerns regarding the perceived high cost 

of immunotherapy and combination therapies. Thus, there 

is a continuous need for economic evaluation informed by 

real-world effectiveness and resource use.47–49 This, in turn, 

requires high-quality data, emphasizing the need for further 

engagement by providers, payers, and drug manufacturers 

to facilitate the infrastructure of administrative as well as 

clinical registries.

In the context of our study, extending the follow-up period 

beyond 2012 may also allow for the assessment of the impact 

of newer TTs such as cabozantinib and nivolumab, which 

are both currently reimbursed in Sweden but have not been 

evaluated in the real-world setting.

In conclusion, this study showed that the introduction 

of TTs in the treatment of mRCC improved survival but 

also increased costs for patients with mRCC. Although no 

official threshold for the willingness-to-pay costs per LYs 

gained exist in Sweden, our data suggest that TTs in mRCC 

are increasingly cost-effective over time.
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