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ABSTRACT

Background: Kidney cancer rates in Estonia are high. The study aimed to examine long-term trends in
kidney cancer incidence, mortality and survival in Estonia, with special focus on age, birth cohorts,
morphology and TNM stage.

Material and methods: Estonian Cancer Registry provided data on all incident cases of kidney cancer
(ICD-10 C64), diagnosed in adults (age >15 years) in Estonia during 1995 —2014. Relative survival
ratios (RSR) were calculated and excess hazard ratios of dying were estimated with gender, age, period
of diagnosis and TNM stage as independent variables. Joinpoint regression modeling was used to cal-
culate estimated annual percentage change for incidence (1970-2014) and mortality (1995-2016)
trends. Age-specific incidence rates were presented by birth cohort and period of diagnosis.

Results: Incidence increased significantly in both sexes, with the steepest rise seen for localized can-
cer. Cohort effects were pronounced particularly in men, while period effects were seen from the mid-
1980s to mid-1990s in both sexes. Age-standardized five-year RSR for total kidney cancer increased by
13 percentage units (from 53% to 65%) over the study period; the increase was larger for renal cell
carcinoma (from 63% to 78%). Survival increases of about five percentage units were seen for stages I/
Il and lll. Age and gender were not associated with excess risk of dying from renal cell carcinoma after
adjusting for stage.

Conclusion: Estonia is currently among countries with the highest incidence of kidney cancer. The
results suggest a combined effect of changing risk profiles in successive birth cohorts and increasing
diagnostic activity around 1990. Large survival increase can mostly be attributed to earlier detection,
but improved diagnosis and treatment have probably influenced stage-specific survival. High propor-
tion of tumors with unspecified morphology and those with unknown stage among the elderly war-
rants further investigation of diagnostic and treatment practices.
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Introduction

Globally, the total number of kidney cancer cases increased
more than two-fold between 1990 and 2013, with compar-
able contributions from population growth, changes in popu-
lation age structure and increasing incidence rates [11.
Increased use of imaging techniques has contributed to the
rising incidence of kidney cancer in developed countries,
where most of the increase can be attributed to localized
tumors [2], and up to half of the new cases are detected as
incidental diagnoses [3]. However, this phenomenon cannot
explain the incidence rises observed in low- or medium-
resource settings [1,4], where the growing prevalence of risk
factors is a more likely explanation [5].

The majority (90%) of kidney cancers are renal cell carcino-
mas (RCC) [6]. Established risk factors for RCC include tobacco
smoking, obesity and hypertension [5]. Smoking increases the
risk of RCC by 38% [7]. A five-kg/m? increase in body mass

index (BMI) was shown to increase kidney cancer risk by 24%
in men and 34% in women [8]. Elevated blood pressure was
associated with a two-to-three-fold risk of RCC independently
from other risk factors [9]. A small proportion of RCC arises in
populations with familial cancer syndromes, such as von
Hippel-Lindau, and birth defects like having a horseshoe kid-
ney [10]. Genetic susceptibility and its interaction with other
risk factors may also have a role in non-familial RCC etiology
[5]. In addition, the influence of factors such as occupational
carcinogens, medication use (e.g., non-steroidal anti-inflam-
matory drugs) and dialysis has been suggested [5,11].

Kidney cancer accounts for 4% of total new cancer cases
in Estonia today [12]. The incidence rates are high, particu-
larly in men: according to Cancer in Five Continents Volume
Xl, kidney cancer incidence in Estonia ranked fifth in Europe
among men and eighth among women [13]. Kidney cancer
mortality in Estonia is also among the highest in Europe [14].
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According to EUROCARE-3, the five-year relative survival
for patients diagnosed in 1990-1994 was just over 40% in
Estonia, while the European average was 57% [15]. In
EUROCARE-5, however, the Estonian estimate was already
equal to the European average (61%) [16].

The objective of this study was to examine long-term
trends in kidney cancer incidence, mortality and survival in
Estonia, with special focus on age, birth cohorts, morphology
and TNM stage.

Material and methods

Data on all incident cases of kidney cancer (ICD-10 code
C64), diagnosed in adults (age >15 years) in Estonia during
1995 — 2014, were obtained from the Estonian Cancer
Registry (ECR), which is population-based, covers the whole
country (population 1.34 million according to the 2011 cen-
sus) and has data since 1968. Reporting to the registry is
obligatory for all physicians and pathologists in Estonia.
Multiple sources are used for case ascertainment, including
linkages with the electronic patient records of two cancer
centers and trace-back of cases first identified via death cer-
tificates. The registry uses ICD-O-3 for coding topography
and morphology and follows international definitions and
rules, issued by the International Association of Cancer
Registries and the European Network of Cancer Registries
[17], for reporting incidence and survival.

Percentage of microscopically verified cases (%MV), per-
centage of cases based on death certificate only (%DCO) and
percentage of cases diagnosed at autopsy were used to esti-
mate data quality. For descriptive purposes, age was catego-
rized into six groups (15-44, 45-54, 55-64, 65-74, 75-84,
>85 years); the two youngest and two oldest groups were
collapsed for further analyses. Morphology was grouped into
renal cell carcinoma (RCC; ICD-O-3 morphology codes 8260/
3, 8290/3, 8310/3, 8312/3, 8317/3, 8319/3) [6]; not otherwise
specified (NOS; 8000/3-8005/3); and other specified (all other
morphologies). Stage was coded based on the 7th version of
the TNM classification [18]: stage | (T1NOMO); stage I
(T2NOMO); stage Il (T3NOMO; T1-3N1MO); stage IV (T4N,,,MO;
TanyN2MO; TonyNanyM1). Due to the change in the definition
of T1 tumors between the 4th and 5th version of the TNM
classification (published in 1992 and 1997, respectively)
[19,20], stages | and Il were combined in trend analyses.
Stages | and Il are shown separately for 2010-2014.

‘Surgery done’ includes all cases with reported surgical
treatment, regardless of intention. Due to the passive nature
of reporting, it was not possible to distinguish between cases
with ‘surgery not done’ and ‘unknown if surgery done’.

Follow-up for vital status from the date of diagnosis
through 2014 was conducted by the ECR at the Estonian
Population Registry using unique personal identification
numbers. In case of death or emigration, the respective dates
were obtained.

Relative survival ratios (RSR) were calculated as the ratio
of the observed survival of cancer patients to the expected
survival of the underlying population. The latter estimate
was calculated according to the Ederer Il method using

national life tables stratified by single year of age and calen-
dar year [21]. RSRs with 95% confidence intervals (Cl) were
estimated using cohort analysis for patients diagnosed dur-
ing 1995 — 1999, 2000 — 2004 and 2005 — 2009, and period
analysis for 2010 — 2014 [22]. DCO and autopsy cases were
excluded from survival analyses. Patients who were diag-
nosed and died on the same day were included with one
day of survival time. Chi-square test was used to test the sig-
nificance of the difference between distributions and two-
sided p-values to compare proportions.

Excess hazard ratios (EHR) of dying within five years after
diagnosis were estimated in the framework of generalized
linear models using a Poisson assumption for the number of
observed deaths [23]. Cases with unknown stage were
excluded. Gender, age, period of diagnosis and TNM stage
were included as independent variables. All models included
year of follow-up. The EHRs are presented with 95% Cl for all
kidney cancers and for RCC. Interactions between variables
were tested with likelihood ratio test.

STATA 14.2 (StataCorp, College Station, Texas, USA) was
used for all analyses; survival analysis was done using the
strs algorithm [23]. International Cancer Survival Standards
were used for age-standardization [24].

Age-specific and age-standardized (world) incidence
(1970-2014) and mortality (1995-2016) rates were modeled,
and the estimated annual percentage change (APC) and
average annual percentage change (AAPC) with 95% confi-
dence intervals (Cl) calculated with Joinpoint Regression
Program (version 4.1.1.1) from the Surveillance Research
Program of the US National Cancer Institute (http://surveil-
lance.cancer.gov/joinpoint/). The analysis of time trends
involved presentation of age-specific incidence rates by
period of diagnosis and birth cohort, which enabled graph-
ical exploration of the age, period and cohort effects.

Data on kidney cancer deaths were obtained from the
Causes of Death Registry, and population denominator data
from Statistics Estonia.

The study protocol was approved by the Tallinn Medical
Research Ethics Committee.

Results

The total number of kidney cancer cases diagnosed in adults
in Estonia during 1995-2014 was 5326 (Table 1). The %MV
and %Autopsy increased significantly over the study period,
while %DCO remained stable. Gender distribution did not
change, but there was a shift towards older age at diagnosis,
as the proportion of cases diagnosed at age >75 vyears
increased significantly. Median age at diagnosis increased
from 65 to 69 years. The proportion of RCC increased, mostly
on the account of the NOS subtype. Stage distribution
shifted significantly towards earlier stages, while the propor-
tion of unknown stage did not change. The proportion of
patients with known surgery increased.

Overall, female kidney cancer patients were significantly
older than male patients (Supplementary Table 1). Median
age at diagnosis increased from 64 to 66 years in men and
from 67 to 73 years in women. Compared to men, women
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Table 1. Incident cases of kidney cancer in adults (age >15 years) in Estonia, 1995-2014.

Total 1995-1999 2000-2004 2005-2009 2010-2014
No % No % No % No % No % p-value®
Total 5326 100 1178 100 1186 100 1373 100 1589 100
Microscopic verification 4302 80.8 940 79.8 954 80.4 1092 79.5 1316 82.8 p=.043
Death certificate only 218 4.1 35 3.0 59 5.0 75 5.5 49 3.1 p=.865
Autopsy 78 1.5 7 0.6 25 2.1 21 1.5 25 1.6 p=.017
Gender
Men 3091 57.7 669 56.3 697 58.3 812 589 913 57.1 p=.661
Women 2271 424 520 437 498 41.7 567 41.1 686 429
Age at diagnosis (years)
15-44 234 44 58 49 53 45 53 39 70 44 p=.521
45-54 687 129 172 14.6 175 14.8 172 12.5 168 10.6 p=.001
55-64 1374 258 340 289 323 27.2 329 24.0 382 24.0 p=.004
65-74 1768 33.2 412 35.0 397 335 473 345 486 30.6 p=.015
75-84 1066 20.0 164 13.9 198 16.7 302 22.0 402 253 p <.001
>85 197 37 32 2.7 40 34 44 3.2 81 5.1 p=.002
Morphology
Renal cell carcinoma 4022 75.5 843 71.6 890 75.0 1039 757 1250 78.7 p <.001
Other specified 230 43 68 58 56 4.7 44 3.2 62 39 p=.022
NOS 1074 20.1 267 227 240 20.2 290 21.1 277 17.4 p <.001
TNM stage at diagnosis®
1/ 2320 46.1 413 36.4 521 473 606 47.5 780 51.5 p <.001
1] 701 13.9 196 173 173 15.7 141 11.0 191 12,6 p <.001
v 1369 27.2 374 329 324 294 333 26.1 338 223 p <.001
Unknown 640 12.7 153 135 84 7.6 197 15.4 206 13.6 p=.923
Surgery done® 3768 74.9 826 72.7 823 74.7 947 74.2 1173 77.4 p=.005

2Comparing proportions for 1995-1999 and 2010-2014; °death certificate only and autopsy cases excluded.

had higher proportion of NOS tumors and were diagnosed
at earlier stages than men.

The %MV ranged from 92% in patients age 15-54 to 63%
in age group >75 (p<.001). Morphology distribution dif-
fered significantly across age groups as the proportion of
NOS tumors was 9% in the youngest and 39% in the oldest
age group. Significant differences between age groups were
also observed in stage distribution: the proportion of cases
diagnosed at stages I/l ranged from 53% in patients aged
15-54 to 38% in age group >75 (p <.001); the proportion of
cases with unknown stage was 8% and 22%, respectively
(p <.001). The proportion of patients reported to have sur-
gery was 88%, 82%, 77% and 54% in the four age groups,
respectively (p <.001).

In 2014, the age-standardized incidence was 18/100,000 in
men and 9/100,000 in women; the respective mortality rates
in 2016 were 6/100,000 and 2/100,000. Incidence increased
significantly in men from 1970 to 2014, with the steepest
rise during 1986-1996 (APC 6.0) (Figure 1(A)). In women, inci-
dence increased significantly until 1996, declined somewhat
until 2001, and increased significantly thereafter (APC 2.2).
Mortality decreased significantly in men throughout the
study period, but female rates have plateaued since 2002.
Figure 1(B) shows cohort effects with age-specific incidence
rates increasing in successive birth cohorts, particularly in
men, and period effects from the mid-1980s to mid-1990s in
most age groups.

The age-standardized incidence increased rapidly for stage
I/ll cancer in both sexes from 1995 to 2014; there was a
steady downward trend for more advanced stages in men,
but not in women (Figure 1(C)). Age-specific mortality
decreased in all men between ages 15 and 74 years from
1995-2014. In the elderly, the rates fluctuated but resulted in
an overall upward trend (AAPC 2.9). Among women,

mortality decreased in all women younger than 74 years,
while in age group >75, the downward trend turned to a
significant rise from 2007 (APC 8.7).

Age-standardized five-year RSR increased by 13 percent-
age units for total kidney cancer and 15% units for RCC
(Table 2). Women had higher five-year RSRs than men
throughout the study period and their survival gain was also
larger, particularly for RCC. The latest five-year RSRs for the
youngest and oldest age groups differed by 28 percentage
units for all kidney cancer, but only by 5% units for RCC.
Modest increases were seen for stages I/ll and . In
2010-2014, the difference between the five-year RSR of all
patients and surgically treated patients was 16 percentage
units for all kidney cancer and four percentage units for RCC,
while the survival gain for surgically treated patients was of
the same magnitude as for all patients.

In 2010-2014, 42% of all kidney cancers and 51% of RCC
were diagnosed at stage | (9% and 10% at stage |, respect-
ively). The five-year RSRs for stages | and Il were 94% and
85% for all kidney cancers, and 95% and 87% for RCC.

Modeling excess mortality for all kidney cancers indicated
that the significant survival advantage of women in un-
adjusted analyses was explained by differences in the distri-
bution of other factors (Table 3). In the adjusted model for
all kidney cancers, the EHR of dying was significantly associ-
ated with age, stage and calendar period. The respective
model for RCC showed a significant association only with cal-
endar period and stage.

Discussion

In the mid-1980s, Estonia was among countries with average
male kidney cancer incidence in Europe, but the rate had
nearly doubled and risen to one of the highest in the
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Figure 1. (A) Observed (dashed line) and modeled (solid line) age-standardized (World) rates and annual percentage change (APC) with 95% confidence intervals
for kidney cancer incidence (1970-2014) and mortality (1995-2014) trends in Estonia; (B) Age-specific kidney cancer incidence trends by five-year birth cohort and
period of diagnosis in Estonia, 1970-2014; (C) Observed (dashed line) and modeled (solid line) age-standardized (World) rates and annual percentage change (APC)
with 95% confidence intervals for stage-specific kidney cancer incidence trends in Estonia, 1970-2014. *The APC is significantly different from zero at alpha =0.05.

continent by 2008-2012 [13]. Our long-term trend analyses
revealed that although the steepest rise in incidence
occurred from the mid-1980s to mid-1990s, the increase con-
tinued into the most recent years. The 2014 age-standar-
dized incidence rate for kidney cancer in men in Estonia (18/

100,000) was considerably higher than in neighboring
Finland (10/100,000) [25]. Most developed countries have
seen increases in kidney cancer incidence over the past deca-
des [4]. The observed birth-cohort-specific and period-spe-
cific effects suggest a combined effect of individual risk



Table 2. Five-year relative survival ratios (RSR) for all kidney cancers and renal cell carcinoma in Estonia, 1995-2014.

5-year RSR (95% Cl)

Renal cell carcinoma

All kidney cancers

Change®

2010-2014

2005-2009
75 (72-79)
76 (72-80)

2000-2004
73 (69-77)
72 (67-77)

1995-1999
64 (60-68)
63 (57-69)

Change®

2010-2014
66 (62-69)
65 (62-69)

2005-2009
63 (59-66)
63 (60-66)

2000-2004
62 (58-65)
60 (56-64)

1995-1999
54 (51-58)

13
15

77 (74-81)

Total

78 (74-81)

53 (48-57)

Total (age-standardized)

Morphology (age-standardized)

72 (67-77) 76 (72-80) 78 (74-81) 15
24 (19-29)

19 (14-25)

63 (57-69)
30 (24-36)

Renal cell carcinoma

NOS/other specified
Gender (age-standardized)

19 (14-25)

12
17

76 (70-81)
81 (75-85)

55 (49-60) 61 (56-65) 63 (58-67) 1 64 (55-71) 68 (59-75) 74 (68-80)
66 (61-71) 69 (65-73) 13 78 (71-84)

67 (62-72)

52 (45-58)

Men

78 (72-83)

64 (56-71)

56 (50-61)

Women
Age at diagnosis

20

86 (80-91)
79 (73-84)
71 (65-77)

80 (73-86)
75 (68-81)

73 (65-80)
75 (68-81)

66 (59-73)
67 (60-74)
60 (52-67)

81 (75-86)
71 (66-77)
63 (57-68)

74 (67-80)
64 (58-70)
60 (54-65)

63 (56-69)

66 (60-72)

64 (56-70)
59 (52-65)
48 (42-54)
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factors and increased incidental detection of indolent tumors
[26]. Our findings support previous observations. The recent
stabilization of incidence trends in several high-incidence
countries suggests a more conservative use of imaging and
mitigation of over-diagnosis [26]. High autopsy detection
rate indicates the prevalence of slow-growing tumors in the
population [27]. Despite significant increase over the study
period, the proportion of cases detected at autopsy
remained below 2% in our data, which is similar to Norway
[25]. Overall autopsy rate in Estonia has decreased from 34%
to 18% between 1989 and 2015; the latter estimate is close
to that of Finland (21%), Czech Republic (17%) and European
Union as a whole (15%) [28].

Ultrasonography became widely used in Estonia in early
1990s. The proportion of kidney cancer cases primarily diag-
nosed by abdominal ultrasonography in regional hospitals
increased from 21% to 82% from late 1980s to late 1990s
[29]. The use of abdominal computed tomography (CT) as a
primary diagnostic method increased over the same period
from zero to 11% [29], suggesting a very limited availability
of CT even in late 1990s. Currently, the availability of CT
scanners and MRI units in Estonia is below the OECD aver-
age, but the total number of CT exams per 1000 population
was slightly higher than the OECD average both in 2009 and
in 2015 [30].

The relatively low microscopic verification rate in our data
raises doubt whether some of the clinically diagnosed
tumors might not have been malignant. Up to 30% of surgi-
cally treated small (<4cm) tumors were reported to be
benign in the Nordic countries [31]. However, the low sur-
vival of NOS tumors in Estonia contradicts this suggestion.

Tobacco smoking has shown a strong dose-dependent
effect on kidney cancer risk, which is much higher in men
than in women [7]. The proportion of daily smokers among
adult men in Estonia decreased from 46% in 1990-1994 to
30% in 2016, whereas in women the change was much
smaller (from 18% to 16%) [32]. Nevertheless, the role of
smoking in recent kidney cancer trends is debatable as lung
cancer trends contrast with kidney cancer trends [33].

Obesity is another established risk factor that is linked to
kidney cancer in a dose-dependent manner [8]. In France,
over 20% of all kidney cancer cases could be attributed to
high BMI [34]. It is likely that the increasing burden of obes-
ity in Estonia has influenced recent trends. The prevalence of
self-reported obesity (BMI >30) in men age 16-64 in Estonia
increased from 11% in 1990-1994 to 20% in 2016; in women,
the respective increase was less pronounced (from 17% to
19%) [32]. High prevalence of obesity and central obesity
was also found in a cross-sectional study using direct meas-
urements [35].

Hypertension affects kidney cancer risk independently
from obesity [5], whereas there have been indications that
adequate blood pressure control lowers the risk [9]. Mortality
from hypertension and other cardiovascular diseases in
Estonia remains high, despite declining trends [30]. A cross-
sectional study reported high prevalence of hypertension
among men and women aged 20-65 in Estonia (44% and
29%, respectively) [36]. In Czech Republic where kidney
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Table 3. Excess hazard ratio (EHR) of death within five years of diagnosis among patients with kidney cancer in Estonia, 1995-2014.

All kidney cancers®

Renal cell carcinoma®

Crude EHR 95% Cl Adjusted® EHR 95% Cl Crude EHR 95% Cl Adjusted® EHR 95% Cl

Gender

Men 1.00 1.00 1.00 1.00

Women 0.76 0.68-0.86 0.91 0.81-1.02 0.74 0.63-0.87 0.95 0.81-1.12
Age at diagnosis (years)

15-54 1.00 1.00 1.00 1.00

55-64 1.25 1.05-1.49 1.23 1.03-1.46 1.13 0.91-1.41 1.20 0.97-1.49

65-74 1.47 1.25-1.74 1.35 1.14-1.59 1.23 0.99-1.52 1.19 0.97-1.47

>75 1.69 1.40-2.05 1.46 1.21-1.76 1.03 0.77-1.39 1.09 0.82-1.45
Period of diagnosis

1995-1999 1.00 1.00 1.00 1.00

2000-2004 0.77 0.66-0.90 0.96 0.82-1.12 0.67 0.54-0.83 0.82 0.67-1.02

2005-2009 0.74 0.64-0.87 0.95 0.81-1.10 0.67 0.54-0.82 0.85 0.69-1.04

2010-2014 0.55 0.47-0.65 0.79 0.68-0.93 0.51 0.40-0.64 0.71 0.57-0.89
TNM stage

I/ 1.00 1.00 1.00 1.00

1] 3.64 2.71-4.88 3.37 2.53-4.49 3.79 2.75-5.23 3.56 2.59-4.90

v 29.36 23.16-37.23 26.62 21.14-33.53 23.21 17.75-30.34 21.90 16.78-28.59

2Unknown stage excluded (statistically significant findings in bold); Padjusted for all variables in the table.

cancer rates have been the highest in Europe [4], a consecu-
tive series of cross-sectional surveys indicated high preva-
lence of hypertension both in males and females, despite a
significant decline observed from 1980s to early 2000s [37].

In many high-income countries, kidney cancer mortality
has been decreasing during past decades [4,38]. We
observed a steady decline in mortality among men, despite
the rising trend in the >75 age group. Among women, how-
ever, mortality decline has been replaced by a plateau since
2002, owing to the rapid rise in age group >75. This type of
age-specific trends has not been evident in any of the
Nordic countries [25] or in the Czech Republic but was also
seen in Latvia [14].

We observed the fastest growing incidence rates for local-
ized kidney cancer, whereas the trends for more advanced
tumors varied. In the US, incidence increase was limited to
localized tumors [2]. The proportion of stage I/Il kidney can-
cers increased rapidly early in our study period and gradually
thereafter, reaching 52% by the most recent period (60%
among cases with known stage, data not shown). The latter
estimate is slightly higher than in the UK (56%) [39] and just
below the Czech estimate for 2005-2008 (63%) [40]. The pro-
portion of stage I/l among RCC cases was 61% (data not
shown), compared to 70% in the US in 2006 [2]. These indi-
ces do not suggest overly intensive detection of indolent
tumors in Estonia as an explanation for the observed
high incidence.

The most recent five-year RSR estimates for kidney cancer
in Estonia are similar to those observed in Finland [25] and
higher than in the UK [39]. Survival was very low (five-year
RSR below 30%) in Estonia throughout the 1970s and 1980s
[41]; in EUROCARE-2, the Estonian estimates were the lowest
in Europe [42]. This was at least partly due to the very high
proportion of stage IV cancers: in 1986-1988, the proportion
of primary kidney cancers diagnosed at stage IV at Estonian
hospitals was close to 60% [29]. Another possible contribu-
ting factor was the low availability of accurate diagnostic
methods, causing inadequate staging and subsequent non-
optimal treatment. However, substantial improvements in
survival were observed since the end of 1980s [41], which

continued from 1995-1999 to 2000-2004 according to our
results, particularly for RCC. This early survival increase was
likely mainly driven by the shift towards earlier stages, as
also indicated by the multivariate model. Improvement in
stage-specific survival was more modest compared to overall
estimates, which also suggests the role of stage shift, and
possible lead-time and length bias. The stage-specific RSRs
for all kidney cancers shown for the Czech Republic in
2005-2008 were close to our estimates for 2005-2009 [40].
Nephrectomy has remained central in the management of
kidney cancers, with increasing application of partial neph-
rectomy for early tumors to maintain organ function [43]. A
recent survey in the Nordic countries found that 40% of all
tumor excisions were nephron-sparing surgeries [31]. In late
1990s, radical and simple nephrectomies accounted for over
95% of all kidney cancer surgeries in Estonia [29]; no data
are available for more recent periods.

The introduction of modern targeted therapies has greatly
improved the prognosis of patients with metastatic RCC. In
Estonia, interferon alpha-2A (INFa2A) monotherapy [44], was
the standard reimbursed medical treatment until 2008. As of
2008, sorafenib [45] has been added to the second-line treat-
ment of metastatic RCC. From late 2009, INFa2A and bevaci-
zumab combination [46] and sunitinib [47] monotherapy
have been employed as the first-line treatment in patients
with low- and intermediate-risk, and temsirolimus [48] in
patients with high-risk metastatic RCC. Pazopanib [49] treat-
ment became routinely available from late 2012 and axitinib
[50] from 2014. Thus, the implementation of new generations
of medical therapies has been relatively fast in Estonia.

Gender survival gap was larger in our data (six percentage
units in 2010-2014) than observed in EUROCARE-5 (two per-
centage units) [16] or in Canada (three percentage units)
[38]. Men had less favorable stage distribution and female
survival advantage was no longer evident after adjusting for
age, stage and calendar period in the multivariate model.

Our findings also demonstrated a wide age gap in sur-
vival, similar to EUROCARE-5 [16] and the Canadian study
[38]. This was expected, given the significant association of
age with %MV, stage and morphology distribution as well as



known surgery. Variation across age groups was much
smaller for RCC than for total kidney cancer, and even the
oldest age group experienced large survival gain for RCC.
Excess mortality did not vary across age groups among RCC
patients in multivariate analysis. These findings suggest
favorable outcomes for elderly patients whose general health
condition is good enough to undergo treatment. It is likely
that rigorous diagnostic procedures and standard treatments
are not applied to many patients in the older age group.
This may be due to comorbidities and poor performance sta-
tus, which can be an important barrier to cancer-specific
treatment [51]. There are no data available on the frequency
of pretreatment biopsies in Estonia. According to the 2017
guidelines of the European Urological Association [43], renal
biopsy is not indicated for comorbid and frail patients who
can be considered only for conservative management
regardless of biopsy results. Nonetheless, in Norway, the pro-
portion of patients with no histopathological verification of
metastatic disease is decreasing among the elderly [52].

The main strength of the study was the use of popula-
tion-based nationwide cancer registry data collected uni-
formly over the study period. The large proportion of NOS
tumors and low %MV among the elderly likely reflects clin-
ical practices rather than the quality of CR data, as the regis-
try collects information from multiple resources, including
pathological laboratories. Another strength of the study was
the ability to examine incidence and survival by TNM stage.
The study was limited by the absence of information on
whether cancer detection was symptomatic or incidental,
more detailed treatment information, tumor diameter and
grade. The estimates for surgically treated patients should be
interpreted with caution as surgery data may have been
underreported. As with other register-based studies, we had
no individual information on risk factors or comorbidities. In
birth cohort analyses, incidence rates of earlier and most
recent cohorts are less reliable due to fewer age groups.

In conclusion, Estonia is currently among countries with
the highest incidence of kidney cancer. The long-term
upward trends in incidence observed in both genders sug-
gest a combined effect of changing risk profiles in successive
birth cohorts and higher diagnostic activity during certain
periods, particularly around 1990, when modern imaging
techniques became widely available in Estonia. Large survival
increase seen over past decades can mostly be attributed to
earlier detection, but improved diagnosis and treatment
have probably influenced stage-specific survival. Despite gen-
eral progress in kidney cancer care, overall mortality remains
high and survival remains low among elderly patients. It war-
rants further investigation whether the low diagnostic accur-
acy and treatment activity among the elderly is due to frailty

and comorbid conditions of the patients or some
other factors.
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