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Abstract

Background: Before the era of targeted therapies, cytokines were the main therapy for metastatic renal cell
carcinoma (mRCC). Our aim was to analyze the changes in treatments and overall survival (OS) of all mRCC patients
in Estonia in relation to the introduction of new medications.

Methods: All patients with mRCC who started medical therapy in Estonia during the years 2004–2012 were
identified using the database of the Estonian Health Insurance Fund. Tumor and treatment data were gathered
from medical records. Vital status data were obtained from the Estonian Population Registry. The only available
therapy before 2008 was interferon alpha-2A (INFa2A), targeted agents added from 2008. For survival analysis,
patients were divided into 2 groups: INFa therapy only (group 1) and INFa followed by targeted agents or targeted
agents therapy only (group 2).

Results: Out of 416 identified patients, 380 were eligible for analysis. The most common 1st-line treatments were
INFa (55%), sunitinib (32%) and INFa+bevacizumab (13%). 28% of patients received 2nd-line therapies and 15% 3rd-
line treatments. Median survival of all patients was 13.7 months [95% confidence interval (CI) 11.3–16.2]; 7.6 months
(CI 6.4–8.6) for group 1 and 19.8 months (CI 15.6–22.9) for group 2. In multivariate analysis, group 1 had nearly four
times higher risk of dying than group 2 [hazard ration (HR) 3.88, 95% CI 2.64–5.72].

Conclusions: The implementation of targeted therapies significantly changed the outcomes of mRCC in Estonia: it
prolonged median survival, reduced the risk of death and also enlarged the proportion of patients who received
medical therapy.
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Background
Kidney cancer is the fifteenth most common cancer in
the world, with more than 400,000 new cases diagnosed
in 2018 [1]. Its incidence globally has been rising con-
stantly –from 1990 to 2013 the increase was 2.1 fold [2].
Along with incidence, the mortality of kidney cancer is
increasing with estimation of 1,1% more deaths occur-
ring each year [2]. The incidence of kidney cancer in
Estonia is among the five highest in Europe and also

worldwide [age-standardized (World) incidence in 2018
21.3 per 100,000 in men and 9.7 in women] [1], but sur-
vival has been on the average European level (age-stan-
dardized relative survival for adult kidney cancers
diagnosed in 2000–2007 was 61.1% [95% confidence
interval (CI) 57.2–64.6] in Estonia, 60.6 (60.2–61.0) in
Europe and 55.8 (55.0–56.6) in Northern Europe) [3].
Data from 2010 to 2014 show further improvement in
the 5-year relative survival estimates of kidney cancer up
to 65% (62–69) in Estonia [4].
The main therapy of kidney cancer is surgery, but for

metastatic disease medical therapy is necessary. The intro-
duction of modern targeted therapies has greatly im-
proved the prognosis of patients with metastatic renal cell
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carcinoma (mRCC). The multitargeted tyrosine kinase in-
hibitors (TKIs) sunitinib [5, 6] and sorafenib [7] were the
first new therapies approved for advanced RCC and have
been available in the European Union since 2006.
In Estonia, interferon alpha-2A (INFa2A) monother-

apy, which has been financed by the Estonian Health In-
surance Fund, was the standard medical treatment until
2008 [8]. As of 2008, sorafenib was added to the second-
line treatment of mRCC. As of the second half of 2009,
INFa2A and bevacizumab combination [9] and sunitinib
monotherapy are employed as the first-line treatment in
patients with low- and intermediate-risk, and temsiroli-
mus [10] in patients with high-risk mRCC. Pazopanib
[11] treatment became routinely available from the sec-
ond part of 2012 and axitinib from 2014 [12].
The effectiveness of the above-mentioned treatments

has been evaluated in the randomized prospective trials;
nevertheless, there is less information on what kind of
effect these treatments have on prolonging survival, tak-
ing into account the treatment outcomes of all patients
with mRCC.
Danish Renal Cancer Group has evaluated the implemen-

tation of targeted therapy in a complete national cohort of
patients, showing that this resulted in significantly im-
proved treatment rates and overall survival [13]. Also,
Swedish and Norwegian studies reported the contribution
of targeted therapies to improved overall survival of mRCC
patients [14, 15]. Czech and Dutch studies have analyzed
mRCC registry based data on targeted therapies use in their
countries [16, 17]. Very recent publication from Sweden
suggested that the use of targeted therapies is also increas-
ingly cost-effective over time in mRCC patients [18].
The aim of the current study was to analyze the

changes in treatment outcomes of mRCC in Estonia in
relation to the introduction of new medications and
international comparisons.

Methods
We used the database of the nation-wide Estonian
Health Insurance Fund to identify all patients with
mRCC in Estonia who received anticancer treatment
with following characteristics: age ≥ 18 years, diagnosis of
RCC [malignant neoplasm of the kidney, except renal
pelvis, International Classification of Diseases (ICD) ver-
sion 10 code C64] and anticancer medications pre-
scribed between January 1, 2004 and December 31,
2012. During the study period, all treatments included in
this study were reimbursed by the Estonian Health In-
surance Fund. The mRCC patients were with metastatic
disease diagnosis from 2004 to 2012, including a number
of patients with a primary RCC diagnosis before the year
2004. We defined the following cohorts for primary
comparison purposes: patients with the diagnosis of
mRCC who started treatment from 2004 to 2012 with

INFa only (group 1) or INFa followed by targeted agents
or targeted agents only (group 2). As new therapies be-
came available from 2008, we set split-point to year
2008 in order to look at two equal time periods (2004–
2007 and 2008–2012) too.
For all identified patients we specified their clinical

data including treatments and treatment lines from clin-
ical records (both paper and digital records) in three
hospitals that provide treatment for mRCC (North-Esto-
nian Regional Hospital, Tartu University Clinic and
East-Tallinn Central Hospital). Vital status was updated
as of December 31, 2015 from the Estonian Population
Registry (3-year follow-up complete), using unique per-
sonal identification numbers. The completeness of the
study cohort was assessed through comparison with
RCC cases registered at the nation-wide population-
based Estonian Cancer Registry (2004–2007) that covers
the whole country. As new therapies became available
from 2008, we analyzed two different treatment periods
(2004–2007 and 2008–2012) too. The study protocol
was approved by the Ethics Review Committee on Hu-
man Research of the University of Tartu and Estonian
Data Protection Inspectorate.
The significance of difference between proportions

was estimated with chi-squared test. For survival ana-
lysis, the patients were followed from the date of treat-
ment initiation until death from any cause or censored
at 3 years. Unadjusted Kaplan-Meier survival function
was estimated. Median survival (unadjusted) was calcu-
lated with 95% confidence intervals and the equality of
the medians between variable categories was tested with
Pearson chi-squared test. To identify the determinants
of survival, univariate and multivariate Cox proportional
hazards regression was used to calculate hazard ratios
(HR). The statistical significance of the HRs was assessed
using 95% confidence intervals. The proportional haz-
ards assumption was tested. All calculations were con-
ducted with STATA 14.1 (StataCorp LP, TX, USA).

Results
A total of 416 patients were identified, 380 were eligible
for analysis. 36 (9.5%) of the identified patients were ex-
cluded after the clinical record review due to different
reasons (17 patients’ treatment had started treatment be-
fore the year 2004; 4 patients had concurrent second
metastatic malignancy; 5 had non-RCC histology; 1 was
not getting treatment; 9 patients’ medical record data
was missing/incomplete). 33% of the patients were iden-
tified in group 1 and 67% in group 2.
When comparing the data retrieved from the Estonian

Health Insurance Fund with the data from the Estonian
Cancer Registry, we did not find any additional mRCC
cases in Estonia who received anticancer medical treat-
ment during 2004–2007. However, 43% of RCC with
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distant metastases cases reported to the Estonian Cancer
Registry did not receive medical treatment.
Patient characteristics are provided in Table 1.
Patients treated with INFa followed by targeted agents

or targeted agents only (group 2) had significantly longer
median survival compared to patients who received only
INFa (group 1) − 19.8 months (CI 15.6–22.9) versus 7.6
months (CI 6.4–8.6), p < 0.001(Table 1, Fig. 1).
INFa was the only 1st line treatment in the earlier study

period and targeted therapies dominated in the 2nd line of
therapy (Table 2). From the year 2008, the usage of targeted
therapies increased and by the year 2010 they almost re-
placed INFa immunotherapy in the 1st-line treatment. Re-
markably, more patients received 2nd- and further line

treatments in the later treatment period compared to the
earlier period (Table 3). The most common 1st-line tar-
geted agent was sunitinib and in the 2nd line sorafenib.
The median survival (unadjusted) was significantly

longer for patients whose tumors were removed (neph-
rectomy performed) versus not removed and for those
who had favorable Memorial Sloan Kettering Cancer
Center (MSKCC) prognosis versus intermediate and
poor prognosis (Table 4). Non-clear cell histology had a
significant negative influence on survival. We observed a
statistically not significantly longer survival in the later
treatment period versus the earlier, and female versus
male. Survival did not differ significantly between age
groups (Table 4).

Table 1 Patient characteristics and median survival from the time of treatment initiation, mRCC patients, Estonia 2004–2012

Total Treatment group 1a Treatment group 2b

N % N % N % p-value

Total 380 100 125 100 255 100

Age group

15–59 120 32 42 34 78 31 p = 0.706

60–69 134 35 45 36 89 35

70+ 126 33 38 30 88 35

Sex

Male 252 66 83 66 169 66 p = 0.981

Female 128 34 42 34 86 34

Histology

Clear Cell 313 82 82 66 231 91 p < 0.001

Non-Clear cell 61 16 39 31 22 9

Unknown 6 2 4 3 2 1

Nephrectomy

Done 314 83 102 81 212 83 p = 0.712

Not done 61 16 22 18 39 15

Other 5 1 1 1 4 2

Treatment started

2004–2007 137 36 107 86 30 12 p < 0.001

2008–2012 243 64 18 14 225 88

Prognostic group (only 2008–2012)

Favorable 50 21 1 6 49 22 p = 0.03

Intermediate 153 63 10 55 143 64

Poor 9 4 1 6 8 4

Unknown 31 13 6 33 25 11

Median survival in months (95% CI) 13.7 (11.3–16.2) 7.6 (6.4–8.6) 19.8 (15.6–22.9) p < 0.001

Survival#

12-month 53% (48–58) 30% (22–38) 65% (59–71)

24-month 34% (29–38) 14% (9–21) 43% (37–49)

36-month 24% (20–28) 9% (5–15) 31% (25–37)
a INFa only
b INFa followed by targeted agents or targeted agents only

Jürgens et al. BMC Cancer          (2020) 20:201 Page 3 of 7



Cox proportional hazards regression analysis (Table 5)
showed that crude HR for death was 2.29 (95% CI 1.79–
2.92) for INFa only group (group 1) compared to INFa plus
2nd-line targeted therapy or targeted therapy only group
(group 2) during the 3 year follow-up after treatment
started. When adjusted for all variables (including treatment
period) in Table 5, the HR for group 1 was even larger
(3.88). Interestingly, crude HR for treatment period favored
later period but when adjusted for all variables, HR contro-
versially favored earlier treatment period (1.00 vs 2.22).
The risk of dying was higher among patients with

non-clear cell histology compared to those with clear

cell histology (crude HR 2.00, adjusted HR 1.48), and pa-
tients who had not undergone nephrectomy vs those
who had (crude HR 1.90, adjusted HR 1.53). Female pa-
tients had lower risk of dying than male patients (crude
HR 0.73, adjusted HR 0.70).

Discussion
This study is a comprehensive assessment of mRCC
treatments during the era of pretargeted and targeted
therapies that used data derived directly from the clinical
records of patients. We found that both overall survival
(OS) and the hazard ratio (HR) for mortality of the
treated patients improved significantly along with the
use of new treatments. The only available 1st-line treat-
ment with INFa immunotherapy during the years 2004–
2007 was replaced by targeted therapies during 2008–
2012. Significantly more patients received 2nd- and 3rd
line treatments during the later period.
Until year 2015 results from large randomized trials of

various mRCC treatments showed only a significant im-
provement of progression-free survival (PFS) [5–7, 9, 11,
12] and very seldom improved OS [10] of properly se-
lected mRCC patients. Researchers explained it with
cross-over effect and other subsequent effective treat-
ments that confounded the results. Within the past 3
years there is growing evidence that the landscape of
treatments is changing. Novel drugs cabozantinib and
immonotherapy drug nivolumab were shown to improve
OS of mRCC patients after treatment failure with TKI-s
[19, 20]. According to more recent publication of phase

Fig. 1 Kaplan-Meier survival curve, mRCC patients, Estonia 2004–
2012. Group 1- INFa only. Group 2- INFa followed by targeted
agents or targeted agents only

Table 2 Overview of 1st- and 2nd-line treatments during the study period, mRCC patients, Estonia 2004–2012

2004–2007 2008 2009 2010 2011 2012 2008–2012 2004–2012

First line treatment 137 26 50 47 58 62 243 380

Immunotherapy INFa (%) 137 (100) 24 (92) 24 (48) 2 (4) 2 (3) 1 (2) 53 (22) 207 (55)

Targeted therapy (%) 0 (0) 2 (8) 26 (52) 45 (96) 56 (97) 61 (98) 190 (78) 190 (50)

INFa+Bevacizumab 0 1 7 17 14 12 51 51 (13)

Sunitinib 0 0 16 26 38 42 122 122 (32)

Sorafenib 0 1 1 1 2 0 5 5 (1)

Temsirolimus 0 0 2 1 2 4 9 9 (2)

Pazopanib 0 0 0 0 0 3 3 3 (1)

Second line treatment 4 15 21 23 24 18 101 105

Immunotherapy INFa (%) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 1 (6) 1 (1) 1 (1)

Targeted therapy (%) 4 (100) 15 (100) 21 (100) 23 (100) 24 (100) 17 (94) 100 (99) 104 (99)

INFa+Bevacizumab 0 0 0 1 2 4 7 7 (7)

Sunitinib 0 0 2 3 7 1 13 13 (12)

Sorafenib 2 15 18 17 12 12 74 76 (72)

Temsirolimus 0 0 1 2 1 0 4 4 (4)

Pazopanib 2 0 0 0 0 0 0 2 (2)

Everolimus 0 0 0 0 2 0 2 2 (2)

Jürgens et al. BMC Cancer          (2020) 20:201 Page 4 of 7



III trial by Motzer et al. [21] immunotherapy combin-
ation of nivolumab and ipilimumab improved the out-
come [objective response rate (ORR), OS and PFS]
already in first line compared to sunitinib in intermedi-
ate and poor prognostic group of mRCC patients. At the
time of many proven effective drugs available on the
market for mRCC, the question which drug or combin-
ation of drugs ultimately give the best result for a spe-
cific patient, still remain doctors to decide without clear
evidence-based answer.
Among national cohort studies of mRCC, there are 4

trials from Europe: Norwegian [15], Swedish [14] and
Czech Republic [16] trial based on data from local regis-
tries and a Danish trial that used detailed and complete

national data from medical records [13]. Our findings on
the improvement of survival and treatment changes are
comparable with those trials. For instance, in the Danish
report the median OS of treated mRCC patients was
11.5 months in 2008 and 17.2 months in 2010 compared
to our median OS of 13.7 months for patients during the
whole trial period and 7.6 months for group 1 and 19.8
months for group 2 [13]. There are also similar results
on median survival of different risk groups (although the
Danish group used Heng and we used MSKCC risk cri-
teria which are somewhat different): 33.4, 18.6 and 5.8
months in the Danish trial compared to our 28.8, 13.2
and 2.4 months for good, intermediate and poor risk pa-
tients, accordingly [13]. Nephrectomy was performed in
83% of treated patients (equally in both treatment
groups and time periods) which is a much higher rate
than previously reported in Scandinavian countries
Norway, Sweden and Denmark - 65, 60 and 61%, re-
spectively [13, 14]. Similar nephrectomy rate was re-
ported from the Czech Republic trial (83%) [16]. The
patients who had had nephrectomy, had significantly
better survival compared with non-operated patients.
Similar findings including improved disease specific

survival along with the use of new treatments (targeted
therapy era) have been reported from mRCC studies in
the US as well [22].
Due to the retrospective design of this trial, there are

some limitations. One limitation of this study is the in-
completeness of data from medical records (2% of pa-
tients were excluded due to major incompleteness of
data; 13% of patients had unknown MSKCC risk group
status and 2% unknown histology) that might give rise
to bias when interpreting results. Yet, survival data are
complete due to the reliability and completeness of na-
tional registries. There is also a possible selection bias
regarding nephrectomy to be more likely performed in
patients with better general condition/prognosis and
therefore leading to better survival. Selection bias might
also be the case when giving 2nd and later line treatment
for patients who are in a better condition/prognosis, es-
pecially after immunotherapy failure, and poor risk pa-
tients who had the only available reimbursed treatment
option of INFa until the second half of 2009, while good
and intermediate risk patients had 2nd line treatment
option with sorafenib from the year 2008. The larger

Table 3 Distribution of treatment lines over the study years, mRCC patients, Estonia 2004–2012

2004–2007 2008 2009 2010 2011 2012 2004–2012

Treatment lines

First line 154 (100) 26 (100) 50 (100) 47 (100) 58 (100) 62 (100) 397 (100)

Second line 6 (4) 16 (62) 21 (42) 24 (51) 24 (41) 19 (31) 110 (28)

Third line 0 (0) 5 (19) 8 (16) 15 (32) 18 (31) 11 (18) 57 (14)

Fourth line 0 (0) 0 (0) 2 (4) 2 (4) 3 (5) 3 (5) 10 (3)

Table 4 Median survival from the time of treatment initiation
by variable categories, mRCC patients, Estonia 2004–2012

Median survival in months (95% CI)

Total 13.7 (11.3–16.2)

Age group

15–59 11.1 (8.0–17.7) p = 0.667

60–69 14.6 (11.7–20.6)

70+ 13.1 (9.2–19.0)

Treatment started

2004–2007 9.7 (8.1–14.8) p = 0.087

2008–2012 15.4 (12.2–19.8)

Sex

Male 11.9 (9.1–15.4) p = 0.104

Female 18.3 (12.1–22.9)

Nephrectomy

Done 16.0 (13.1–19.5) p < 0.001

Not done 7.0 (3.8–8.7)

Histology

Clear Cell 16.1 (12.9–19.5) p = 0.002

Non-Clear Cell 7.0 (4.7–9.7)

Prognostic group
(only 2008–2012)

Favorable 28.4 (22.2–55.7) p < 0.001

Intermediate 13.2 (10.4–16.9)

Poor 2.4 (1.1–8.5)

Unknown 15.2 (5.5–21.0)
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proportion of early period INFa treatment responders
proceeding to 2nd line treatment in later period may ex-
plain why HR adjusted for all variables, including treat-
ment period, controversially favored the earlier
treatment started period to the later. Case numbers in
some variable categories were too low to provide reliable
results.
Another important fact is that 43% of RCC patients with

distant metastases reported in the Estonian Cancer Regis-
try did not receive medical treatment (a finding from data
comparison). Unfortunately, there is no data on how many
of them were referred for treatment and how many were
not referred and what were the reasons for not being re-
ferred or not getting treatment. The Danish trial [11] re-
ported that among all referred mRCC patients 29% did
not receive treatment due to different reasons (poor PS,
patient request, death before the start of treatment, etc.).
The proportion of patients not being referred and the rea-
sons thereof remain unknown but we hope that in the fu-
ture, new effective treatment possibilities will raise the
awareness of the broader medical community about the
reasonability of medical treatment in mRCC.
Patients who receive targeted therapies have a signifi-

cant (more than two-fold) prolongation of median sur-
vival and reduction in risk of death compared to INFa

treatment only, and therefore, this also provides better
justification for positive reimbursement decisions in the
future for the benefit of patients.

Conclusions
The results from our Estonian retrospective study of
mRCC patients are consistent with findings from the
previously reported real-life and national cohort studies
from Europe. The implementation of targeted therapies
significantly changed the outcomes of mRCC: it pro-
longed median survival, reduced the risk of death and
also enlarged the proportion of patients who received
medical therapy.

Abbrevations
CI: Confidence interval; HR: Hazard ratio; INFa: Interferon alpha;
MRCC: Metastatic renal cell carcinoma; ORR: Objective response rate;
OS: Overall survival; PFS: Progression-free survival; TKI: Tyrosine kinase
inhibitor; US: United States
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