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Abstract

Background—Female breast cancer incidence rates have been increasing in Portugal for years. 

We, therefore, conducted the first nationwide breast cancer study to assess regional differences.
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Methods—Cases were obtained from population-based cancer registries covering the country’s 

Mainland (South, North, Centre), as well as the two Autonomous Regions (Azores and Madeira), 

for the time-period 1998 through 2011. Analyses were restricted to ages 30 to 84 years and 

stratified by region. We used the age-period-cohort (APC) framework to complement standard 

descriptive techniques and to forecast future trends. Estimable APC parameters included net drift, 

longitudinal age-specific incidence rate curves, and fitted age-specific incidence rate ratios.

Results—There were 71 545 breast cancer cases diagnosed in Portugal at ages 30 to 84 years 

from 1998 to 2011. The South presented the highest age-standardized rate (155.8/100 000), while 

the North presented the fastest rate of increase (3.6%/year). Age-specific statistical interactions 

were observed between regions. Younger women in the North revealed a decreased risk of 

developing breast cancer compared to women from the same age group in the South and Centre, 

while that risk was reversed in older women (p<0.05). We estimate that from 2014 onwards, the 

North might rank first among all regions.

Conclusion—The variant patterns observed could be due to a combination of different screening 

practices and/or exposure to risk factors across regions. Disease heterogeneity among younger and 

older women may also explain part of the differences in age-specific rates. These results justify 

continued monitoring of breast cancer incidence by region.
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1. Introduction

Breast cancer is the most frequent cancer and the leading cause of cancer mortality among 

Portuguese women, with an estimated 6 088 new cases and 1 570 deaths in 2012, accounting 

for 30% of all cancer cases and 16% of all cancer deaths (1). Notwithstanding the recent 

declines in incidence rates observed in some western countries, attributed to reductions in 

the use of postmenopausal hormone replacement therapy and to plateaus in participation of 

mammography screening (2), cancer registries operating in Portugal have reported increases 

in breast cancer age-adjusted incidence rates (3–6). These registries cover the Southern, 

Northern, and Central parts of the country’s mainland, representing around 95% of the 

whole population, as well as the archipelagos of the Azores and Madeira, both located in the 

north Atlantic Ocean, and representing the remaining 5%.

Temporal increases in breast cancer incidence can be driven by factors related to 1) age at 

diagnosis, 2) events that impact all ages at a given point in time such as changes in screening 

or diagnostic practice patterns (period or secular effects), and/or 3) factors that vary from 

one generation to the next such as changes in reproductive patterns (birth-cohort) (7). To 

account for the effects of these three interrelated variables, cancer surveillance researchers 

have used age-period-cohort (APC) models (8). APC modeling is a mathematical approach 

that provides a unique set of estimable functions and parameters in order to better 

understand the impact of age, period, and cohort effects on disease trends (9).
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In this study, we aim to describe breast cancer incidence temporal trends in Portugal by 

complementing standard descriptive methods with the APC framework. We will specifically 

analyze past and expected trends by South, North, Centre, Azores, and Madeira geographic 

regions to further hypothesize for differences across the country. To our knowledge, no 

studies describing these trends have ever been published, and certainly no head to head 

comparison between geographic regions have ever been performed.

2. Methods

Invasive breast cancer cases (ICD-10 code C50) by single age and district/region of 

residence were obtained for the 14-year time-period 1998 through 2011 from four 

population-based cancer registries that cover the entire country of Portugal. Only first 

primary breast tumors, as defined by international coding rules (10), have been included in 

the analyses. Female population estimates by single age and district/region of residence for 

the same period were obtained from Statistics Portugal. We restricted analyses to ages 30 to 

84 years to avoid low counts at extreme ages. Results were stratified by geographic regions 

(South, North, Centre, Azores, and Madeira) and three age groups according to the 

likelihood of mammographic screening: age 30–44 years (unlikely to be screened and a 

surrogate to early onset breast cancers), age 45–69 years (likely to be screened), and age 70–

84 years (unlikely to be screened and a surrogate to late onset breast cancers).

Age-standardized (ASR) incidence rates expressed per 100 000 woman-years were 

computed by the direct method by using the European standard population as the reference 

(11). The estimated annual percentage change (EAPC) of the ASR was computed using 

weighted log-linear regression (12). Cumulative risks measuring the risk which a woman 

would have of developing breast cancer during the age span 0–74 years, assuming no other 

causes of death were in operation, were assessed for each region (11).

We used the age-period-cohort (APC) framework to complement standard descriptive 

techniques as well as to forecast future incidence trends. APC models were fitted to one-year 

periods so there were 55 single-year age groups (30, 31, …, 84 years), 14 single-year 

calendar periods (1998, 1999, …, 2011), and 68 partially overlapping 2-year birth cohorts 

(1914, 1916, …, 1981) (13). Estimable APC parameters included net drift, longitudinal and 

cross-sectional age-specific incidence rate curves, and fitted age-specific incidence rate 

ratios (IRR) (14).

In brief, net drift is the APC model analog of the EAPC and it measures the overall long-

term secular trend that is attributable to both calendar time (period or secular effects) and the 

successive cohorts enrolled in the study (birth-cohort effects). The longitudinal and cross-

sectional curves are two different ways of summarizing the age-associated natural history. 

However, contrary to the cross-sectional curve, the longitudinal curve, also named age-at-

onset curve, is adjusted for period and cohort effects. It is constructed by extrapolating from 

observed age-specific rates of each birth cohort to estimate past, current, and future rates for 

a referent cohort, thus taking into account the experience of all cohorts in the study (see 

Supplementary Fig. 1). The choice of the referent cohort is arbitrary, but has been 
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conventionally set to the mid-cohort because it corresponds to the birth cohort tracking the 

longest amount of time within the registry (15).

We used the Wald test to obtain P values to assess statistical interactions between a pairwise 

of age-specific longitudinal curves (e.g., North vs. South) and the Bonferroni test to correct 

for multiple comparisons (16). Briefly, an “interaction” is said to occur when an unknown 

factor in some way alters the effect of an exposure–disease relationship (17). The interaction 

could be quantitative or qualitative. A quantitative interaction occurs when the unknown 

factor modifies only the magnitude of the effect (e.g., higher or lower rates in one region 

compared to another). Graphically, no reversal or crossing of the IRR with aging is 

observed. By contrast, a qualitative interaction occurs when there is a change not only in 

magnitude but in the direction of the effect (e.g., compared to a different region, younger 

women would present a lower risk of developing breast cancer while that risk would be 

reversed in older women). Regions with no interaction would be parallel on the log scale or 

proportional on the absolute scale (18).

Finally, we also projected ASRs up to 2025, as described elsewhere (19). Estimates are 

obtained by multiplying the estimated longitudinal age incidence rate curve in a referent 

birth cohort by the rate ratio between birth-specific cohorts and the referent cohort. 

Statistical analyses and graphical plotting were performed in Matlab, version R2016a 

(MathWorks Inc, Natick, MA, USA). Goodness of fit for each APC model was assessed by 

the square root of the usual over-dispersion parameter σ2, and by similarity between 

observed and fitted rates (19). All hypothesis tests were two-sided, and P values <0.05 were 

considered statistically significant.

3. Results

During the time period 1998 through 2011, there were 71 545 breast cancer cases diagnosed 

in Portugal between the ages 30 through 84 years (Table 1). Almost half of these cases 

(47.5%) were among Southern women, 27.7% among Northern women, 20.6% among 

Centre women, and the remaining 4.2% among women living in the Portuguese 

Autonomous Regions (Azores and Madeira). APC models were successfully fitted to the 

observed incidence data, with the models presenting negligible over-dispersion values (data 

not shown) and fitted confidence bands (shaded areas) consistently following close to 

observed rates (dots) (Fig. 1). APC age effects are shown in Supplementary Fig. 1, and 

period and cohort effects in Supplementary Fig. 2.

The South presented the highest ASR (155.8 per 100 000 woman-years), followed by the 

North (132.4/100 000) and Centre (126.5/100 000) (Table 1). A similar ranking was 

observed by age group as well as for the cumulative risk of developing breast cancer before 

the age of 75. In the 14-year study, the ASR increased 1.6% (95% confidence interval, 0.9 to 

2.3) per year among Southern women, 3.6%/year (3.1 to 4.1) among Northern women, and 

2.3%/year (1.3 to 3.3) among Centre women. Statistically significantly different EAPCs 

were also observed in all age groups, with South and Centre presenting the fastest rate of 

increase in the age group 30 to 44 years. Net drifts, measuring the overall log-linear trend in 
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the period and cohort effects, were almost equal to the EAPCs, but presented narrower 

confidence intervals.

Fig. 1 presents overall age-standardized and age-specific temporal trends in breast cancer 

incidence for each geographic region as well as for the whole country. Excluding the Azores 

and Madeira, which depicted unstable rates due to a low number of cases, breast cancer 

incidence rates increased throughout the 14-year study period in all age groups, with the 

steepest increases being observed in the North. Age groups 45–69 and 70–84 presented 

similar rates in the North, and in the Centre, rates in the middle age groups (45–69) even 

surpassed rates in older ages (70–84).

Fig. 2 shows the APC fitted age-at-onset curves on a pairwise comparison between two of 

the three main regions. After correcting for multiple comparisons through the Bonferroni 

test, the P-values for the null hypothesis of no interactions between regions were statistically 

significantly different for North vs. Centre (Fig. 2A) and North vs. South (Fig. 2C). In both 

pair of regions, qualitative age interactions were observed (Fig. 2D and Fig. 2F, 

respectively), with the IRR crossing the reference line for the older ages. These interactions 

were more pronounced in the North vs. South, where IRR values were always statistically 

significantly different before and after the crossover.

Fig. 3 shows the observed and projected incidence rates for each of the three main regions. 

The South always presented the highest ASR across the observed period, after which 

forecasts show a crossover between the South and the North, with the latter ranking first up 

to 2025, when a rate approximately 1.2 and 1.3 times higher is attained among Northern 

women (268.5 per 100 000 woman-years), compared to the South (230.8) and the Centre 

(204.1), respectively.

4. Discussion

Complementing standard descriptive epidemiology with novel statistical methods such as 

the APC framework can lead to a clearer understanding of a disease’s pattern in a defined 

population. In our study, we have used this approach for the first time to analyze breast 

cancer incidence trends in Portugal, by region. Estimated APC parameters included, among 

others, the net drift, which measures the overall log-linear trend by calendar period and birth 

cohort. Given the similarity of the net drift to the EAPC, we used the more familiar EAPC as 

the summary measure for the interpretation of the overall secular trends. Also, given that the 

Azores and Madeira represent only 5% of the whole country, we decided to focus our main 

discussion in women living on the mainland.

The risk of developing breast cancer is associated with higher socio-economic status (20), 

and this could explain the highest rates observed in the South, as this region by far has 

greater income and education (21, 22). Conversely, factors such as screening effects could 

have played a major role on the EAPCs observed in the North, and to a lesser extent in the 

Centre. Portugal established a pilot screening study in the Centre region in 1990, initially 

funded by the Commission of European Communities and coordinated by the Centre branch 

of the Portuguese League Against Cancer (LPCC) (23). This study was later transformed 
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into a national screening program financed by the country’s health system, but always under 

the coordination of LPCC’s regional branches, except in Algarve, located in the South, 

where a different institution has been in charge of the program (24). Geographic coverage 

still varies widely, with the Centre being the only region where rollout was considered 

complete during the study period. Also, not all regions follow the same target age for 

eligible women (25). Except for the North (26), there are no published studies from each 

regional program, namely for the period 1998–2011, so it is not possible to compare their 

performance to better help understand our results.

In a recent report though, the Centre is referred to as the region attaining the highest 

participation rate (82%) (27). This in part could explain the higher rates observed in the 

Centre for the age group 45–69, when compared to age group 70–84 (Fig. 1). Conversely, 

the higher EAPC in the North could have been caused by a more pronounced effect of the 

so-called “prevalent wave” (28), especially in more recent years, given that the rollout in this 

region is close to complete now. As for the South, we anticipate that full coverage will be 

challenging as 73% of the Lisbon Metropolitan Area, the largest population concentration in 

Portugal, located in the South, is still lacking an organized screening program (27). 

Regardless of differences in ASRs and EAPCs, an increasing trend in breast cancer 

incidence rates was common to all regions and at all ages. Part of these trends may be 

attributed to birth-cohort changes, which in turn could be related to the adoption of a 

westernized lifestyle among Portuguese women, who are now more likely to be obese (29), 

delay childbearing (30), have lower parity (31), and have increased usage of contraceptive 

methods (32).

Worth noting is that women unlikely to have been screened (i.e., those under age 45 years) 

(Table 1) have expressed an EAPC as high as the one observed for women in age groups 

older than or equal to 45 years (the case for the North), or even higher (the case for the 

South and the Centre). This is particularly worrisome as an increase in risk among younger 

women due to an increase in exposure to risk factors (i.e., cohort or generational effect) 

would be more plausible than something affecting all age groups at a given point in time, 

such as screening and/or patient ascertainment (i.e., calendar-period effect). Additional 

analytical studies are thus necessary to identify possible causes for this striking trend. 

Besides, early-onset (usually ER-negative) breast cancers are proportionally more aggressive 

than late-onset (usually ER-positive) tumors (33). Future research stratifying by hormone-

receptor status are also warranted to further elucidate these results.

Age-specific incidence curves were substantially different depending on the type of curve 

used, i.e., cross-sectional or longitudinal. In contrast to the standard cross-sectional curve 

(Supplemental Fig. 1B), the APC-fitted longitudinal curve (Supplemental Fig. 1A) has 

clearly shown an increased risk of breast cancer with advancing age. Our analysis thus 

confirms that the standard cross-sectional curve is not the best way to represent the age-

associated natural history of the disease, at least for breast cancer. This happens because the 

cross-sectional curve reflects the experience of older cohorts at older ages and younger 

cohorts at younger ages (34), meaning that when there is a progressive increase in risk from 

one generation to the next (e.g., a decline in total fertility rate), the cross-sectional curve 

gives the false impression of a decreased risk among older women (20). Since larger positive 
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EAPCs only intensify this bias (34), we have opted to use longitudinal (i.e., forward-looking 

or prospective) curves for regional pairwise comparisons (Fig. 2, A–F). A notable finding 

from our analysis is that younger women in the North reveal a decreased risk of developing 

breast cancer compared to women from the same age group in the Centre (Fig. 2D) and the 

South (Fig. 2F), although more pronounced in the later, while that risk is reversed in older 

women. A potential explanation for this phenomenon may be different screening practices, 

which could have led to a higher detection rate of more indolent cancers (mainly hormone-

receptor positive) among older women (35), namely in the North. These interactions could 

also represent surrogates for age-dependent etiological heterogeneity (33). Additional 

studies stratifying by age, year, tumor characteristics, and smaller geographic areas such as 

districts could help further assess differences and identify patterns of geographic 

heterogeneity.

Our forecasts have shown that breast cancer age-adjusted incidence rates are expected to rise 

in all three main regions (Fig. 3). Given the expected increase in population and in life 

expectancy (36), the burden of the disease is also expected to increase. At least for the 

North, this is in accordance with a previous study (37). In fact, if the drastic trend observed 

in this region upholds, it will not take long before women from the North present the highest 

risk for being diagnosed with breast cancer. It should be noted, however, that these 

projections should be viewed with caution as they do not foresee changes in factors affecting 

trends, not least in the long term.

There are limitations associated with the approach we have taken in our study. First, it is 

limited by its descriptive nature, although it provides direction and helps identify the needs 

for targeted analytic studies (14). Second, due to the identifiability problem of the APC 

model, we were not able to separate the linear component of cohort effects from the linear 

component of period effects, meaning that we could not definitely quantify how much of the 

linear trend is attributed to either cohort or period effects (9). Third, we could not categorize 

results by tumor characteristics, which could have helped us identify the effects of the 

introduction and dissemination of screening (38), namely in the North and the Centre. 

Finally, although the registries follow the same rules for abstracting and coding of tumors, 

different levels of completeness of cancer registration and case ascertainment could have 

influenced the data reported to this study, and ultimately its results (39).

In conclusion, we have demonstrated that during the period 1998 through 2011 breast cancer 

incidence rates in Portugal increased at all ages and across all regions, with the South 

presenting the highest age-adjusted rate and the North the fastest rate of increase. The use of 

APC parameters, namely the age-specific longitudinal (age-at-onset) curve, has enabled us 

to observe a more realistic age-associated natural history of the disease as well as different 

age-interactions between regions, which in turn could be related to different cohort effects 

and/or screening practices. Our forecasts have also shown that Northern rates might soon 

surpass Southern rates. From a cancer surveillance perspective, these are all key reasons to 

put things in motion to tackle risk factors for breast cancer, such as fighting the obesity 

trend, disseminating access to early detection programs, and preparing the health system to 

respond accordingly.
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Highlights

• Age-adjusted breast cancer incidence rates increased in all regions and at all 

ages.

• Southern Portugal presented the highest age-adjusted rate.

• Northern Portugal presented the fastest rate of increase.

• Women under age 45 years have expressed higher EAPCs than women age 

45+ years.

• Forecasts have shown that Northern rates might soon surpass Southern rates.
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Fig. 1. 
Trends in age-standardized rates for breast cancer incidence in Portugal (overall) and by 

region among women aged 30–84 years and among women in specific age-groups (30–44, 

45–69, and 70–84 years), 1998–2011. Two-year age intervals and two-year calendar periods 

were used to smooth the APC curves. The rates are plotted on the log scale. Shaded bands 

represent 95% confidence limits.
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Fig. 2. 
Age-specific rates and corresponding inter-regions rate ratios for breast cancer incidence in 

women aged 30–84 years, in Portugal, 1998–2011. A vertical reference line identifies 

median age at menopause. Two-year age intervals and two-year calendar periods were used 

to smooth curves. Shaded bands represent 95% confidence limits. Rates and rate ratios are 

plotted on the log scale. (A–C) Pairwise longitudinal fitted age-at-onset curves between 

regions. Adjusted P-values (Bonferroni test) are shown. (D–F) Inter-regions age-specific rate 

ratios.
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Fig. 3. 
Overall observed (1998–2011) and projected (2012–2025) age-standardized rate trends for 

breast cancer incidence in women aged 30–84 years, by region and in Portugal (overall). 

Vertical reference line separates observed from forecast period. Two-year age intervals and 

two-year calendar periods were used to smooth curves. The rates are plotted on a linear 

scale. Shaded bands represent 95% confidence limits.

de Lacerda et al. Page 14

Cancer Epidemiol. Author manuscript; available in PMC 2019 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

de Lacerda et al. Page 15

Ta
b

le
 1

B
re

as
t c

an
ce

r 
in

ci
de

nc
e 

in
 P

or
tu

ga
l i

n 
w

om
en

 a
ge

s 
30

 to
 8

4 
ye

ar
s 

ol
d,

 b
y 

re
gi

on
 a

nd
 a

ge
 g

ro
up

, 1
99

8–
20

11

So
ut

h*
N

or
th

†
C

en
tr

e§
A

zo
re

s¶
M

ad
ei

ra
*

P
or

tu
ga

l

D
is

tr
ic

ts
/R

eg
io

ns
 c

ov
er

ed
B

ej
a,

 F
ar

o,
 É

vo
ra

, 
L

is
bo

a,
 P

or
ta

le
gr

e,
 

Sa
nt

ar
ém

, S
et

úb
al

B
ra

ga
, B

ra
ga

nç
a,

 
Po

rt
o,

 V
ia

na
 d

o 
C

as
te

lo
, V

ila
 R

ea
l

A
ve

ir
o,

 C
as

te
lo

 
B

ra
nc

o,
 C

oi
m

br
a,

 
G

ua
rd

a,
 L

ei
ri

a,
 

V
is

eu

A
rc

hi
pe

la
go

 o
f 

th
e 

A
zo

re
s

A
rc

hi
pe

la
go

 o
f 

M
ad

ei
ra

So
ut

h,
 N

or
th

, 
C

en
tr

e 
A

zo
re

s,
 

M
ad

ei
ra

P
op

ul
at

io
n 

in
 C

en
su

s 
20

11
 (

30
–8

4 
ye

ar
s)

**
1 

56
3 

31
2

1 
12

4 
43

7
83

6 
75

5
75

 0
65

91
 7

56
3 

69
1 

32
5

N
um

be
r 

of
 c

as
es

34
 0

16
 (
≈

2 
43

0/
ye

ar
)

19
 8

04
 (
≈

1 
41

5/
ye

ar
)

14
 7

42
 (
≈

1 
05

5/
ye

ar
)

1 
39

4 
(≈

10
0/

ye
ar

)
1 

58
9 

(≈
11

5/
ye

ar
)

71
 5

45
 (
≈

5 
11

0/
ye

ar
)

A
SR

 p
er

 1
00

 0
00

 w
om

an
-y

ea
rs

 
(9

5%
 C

I)

30
–4

4
73

.0
3 

(6
5.

33
 to

 
80

.7
4)

66
.9

1 
(5

8.
77

 to
 

75
.0

6)
64

.2
8 

(5
4.

56
 to

 
73

.9
9)

50
.6

2 
(2

3.
57

 to
 7

7.
68

)
55

.8
6 

(2
9.

67
 to

 8
2.

04
)

68
.1

1 
(6

3.
39

 to
 

72
.8

2)

45
–6

9
20

0.
41

 (
18

9.
93

 to
 

21
0.

90
)

17
1.

58
 (

15
9.

99
 to

 
18

3.
18

)
16

6.
78

 (
15

3.
68

 to
 

17
9.

88
)

18
2.

10
 (

13
4.

39
 to

 2
29

.7
9)

18
4.

62
 (

14
0.

81
 to

 2
28

.4
2)

18
3.

45
 (

17
6.

88
 to

 
19

0.
01

)

70
–8

4
23

0.
16

 (
21

1.
99

 to
 

24
8.

32
)

17
2.

42
 (

15
2.

54
 to

 
19

2.
30

)
14

9.
54

 (
13

0.
43

 to
 

16
8.

65
)

25
8.

63
 (

16
3.

67
 to

 3
53

.6
0)

19
5.

09
 (

11
9.

73
 to

 2
70

.4
4)

19
3.

71
 (

18
2.

72
 to

 
20

4.
70

)

30
–8

4
15

5.
83

 (
14

9.
38

 t
o 

16
2.

29
)

13
2.

42
 (

12
5.

36
 t

o 
13

9.
49

)
12

6.
50

 (
11

8.
53

 t
o 

13
4.

47
)

14
0.

99
 (

11
2.

37
 t

o 
16

9.
62

)
13

7.
45

 (
11

1.
39

 t
o 

16
3.

52
)

14
1.

29
 (

13
7.

28
 t

o 
14

5.
30

)

C
um

. r
is

k 
(0

 t
o 

74
 y

ea
rs

)
7.

1%
6.

1%
5.

8%
6.

5%
6.

4%
6.

5%

E
A

P
C

 (
%

/y
ea

r)
 (

95
%

 C
I)

30
–4

4
2.

31
 (

1.
45

 to
 3

.1
8)

3.
41

 (
2.

12
 to

 4
.7

2)
2.

73
 (

1.
24

 to
 4

.2
4)

1.
49

 (
−

0.
98

 to
 4

.0
2)

0.
99

 (
−

3.
50

 to
 5

.6
9)

2.
74

 (
2.

13
 to

 3
.3

5)

45
–6

9
1.

53
 (

0.
78

 to
 2

.2
8)

3.
65

 (
3.

01
 to

 4
.2

8)
2.

26
 (

1.
07

 to
 3

.4
7)

2.
40

 (
0.

27
 to

 4
.5

7)
1.

90
 (

−
0.

40
 to

 4
.2

6)
2.

26
 (

1.
74

 to
 2

.7
8)

70
–8

4
1.

14
 (

0.
40

 to
 1

.8
9)

3.
50

 (
2.

81
 to

 4
.2

0)
1.

89
 (

0.
80

 to
 3

.0
1)

−
0.

32
 (

−
3.

50
 to

 2
.9

5)
0.

05
 (

−
2.

90
 to

 3
.0

9)
1.

80
 (

1.
14

 to
 2

.4
7)

30
–8

4
1.

61
 (

0.
92

 t
o 

2.
30

)
3.

58
 (

3.
08

 t
o 

4.
08

)
2.

32
 (

1.
31

 t
o 

3.
33

)
1.

69
 (

0.
07

 t
o 

3.
34

)
1.

46
 (

−0
.5

0 
to

 3
.4

6)
2.

28
 (

1.
83

 t
o 

2.
73

)

N
et

 d
ri

ft
 (

%
/y

ea
r)

 (
95

%
 C

I)

30
–4

4
1.

91
 (

1.
07

 to
 2

.7
5)

3.
07

 (
2.

01
 to

 4
.1

4)
2.

26
 (

0.
52

 to
 4

.0
3)

1.
23

 (
−

3.
14

 to
 5

.8
0)

0.
74

 (
−

3.
24

 to
 4

.8
7)

2.
59

 (
1.

97
 to

 3
.2

1)

45
–6

9
1.

39
 (

1.
03

 to
 1

.7
5)

3.
78

 (
3.

27
 to

 4
.3

0)
2.

16
 (

1.
62

 to
 2

.7
1)

2.
04

 (
0.

20
 to

 3
.9

2)
1.

14
 (

−
0.

55
 to

 2
.8

5)
2.

19
 (

1.
95

 to
 2

.4
4)

70
–8

4
1.

62
 (

1.
06

 to
 2

.1
8)

3.
85

 (
2.

97
 to

 4
.7

5)
2.

45
 (

1.
52

 to
 3

.4
0)

−
2.

14
 (

−
4.

58
 to

 0
.3

6)
−

0.
35

 (
−

3.
17

 to
 2

.5
4)

2.
25

 (
1.

84
 to

 2
.6

5)

30
–8

4
1.

49
 (

1.
22

 t
o 

1.
77

)
3.

66
 (

3.
28

 t
o 

4.
04

)
2.

20
 (

1.
76

 t
o 

2.
63

)
1.

29
 (

−0
.1

1 
to

 2
.7

1)
0.

46
 (

−0
.8

3 
to

 1
.7

6)
2.

23
 (

2.
04

 t
o 

2.
43

)

A
SR

, A
ge

-s
ta

nd
ar

di
ze

d 
ra

te
 f

or
 th

e 
E

ur
op

ea
n 

po
pu

la
tio

n;
 C

I,
 C

on
fi

de
nc

e 
in

te
rv

al
; E

A
PC

, E
st

im
at

ed
 a

nn
ua

l p
er

ce
nt

ag
e 

ch
an

ge
 o

f 
th

e 
A

SR
.

* C
ov

er
ed

 b
y 

So
ut

he
rn

 R
eg

io
n 

C
an

ce
r 

R
eg

is
tr

y

† C
ov

er
ed

 b
y 

N
or

th
er

n 
R

eg
io

n 
C

an
ce

r 
R

eg
is

tr
y

Cancer Epidemiol. Author manuscript; available in PMC 2019 June 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

de Lacerda et al. Page 16
§ C

ov
er

ed
 b

y 
C

en
tr

e 
R

eg
io

n 
C

an
ce

r 
R

eg
is

tr
y

¶ C
ov

er
ed

 b
y 

A
zo

re
s 

R
eg

io
n 

C
an

ce
r 

R
eg

is
tr

y

**
So

ur
ce

: S
ta

tis
tic

s 
Po

rt
ug

al

Cancer Epidemiol. Author manuscript; available in PMC 2019 June 01.


	Abstract
	1. Introduction
	2. Methods
	3. Results
	4. Discussion
	References
	Fig. 1
	Fig. 2
	Fig. 3
	Table 1

