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Abstract
Background Population-based cancer registries (PBCRs) are the primary source of information for cancer surveillance 
and monitoring. Currently, there are 30 active PBCRs in Brazil. The objective of this study was to analyze the data 
quality of five gastrointestinal cancers (esophagus, stomach, colorectal, liver, and pancreas) according to the criteria of 
comparability, validity, completeness, and timeliness in Brazilian cancer registries.

Methods This study included data from Brazilian PBCRs with more than ten years of historical data starting in the 
year 2000, regardless of the type of defined geographical coverage (state, metropolitan region, or capital), totaling 
16 registries. Brazilian PBCRs were evaluated based on four international data quality criteria: comparability, validity 
(accuracy), completeness, and timeliness. All cancer cases were analyzed, except for nonmelanoma skin cancer 
cases (C44) and five gastrointestinal tumors (esophageal cancer, stomach cancer, colorectal cancer, liver cancer, and 
pancreatic cancer) per cancer registry and sex, according to the available period.

Results The 16 Brazilian PBCRs represent 17% of the population (36 million inhabitants in 2021) according to 
data from 2000 to 2018. There was a variation in the incidence in the historical series ranging from 12 to 19 years. 
The proportion of morphologically verified (MV%) cases varied from 74.3% (Manaus) to 94.8% (Aracaju), and the 
proportion of incidentally reported death certificate only (DCO%) cases varied from 3.0% (São Paulo) to 23.9% (Espírito 
Santo). High-lethality malignant neoplasms, such as liver and pancreas, had DCO percentages greater than 30% in 
most cancer registries. The sixteen registries have more than a 48-month delay in data release compared to the 2022 
calendar year.

Conclusion The studied Brazilian cancer registries met international comparability criteria; however, half of the 
registries showed indices below the expected levels for validity and completeness criteria for high-lethality tumors 
such as liver and pancreas tumors, in addition to a long delay in data availability and disclosure. Significant efforts are 
necessary to ensure the operational and stability of the PBCR in Brazil, which continues to be a tool for monitoring 
cancer incidence and assessing national cancer control policies.
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Background
Population-based cancer registries (PBCRs) are crucial 
sources of information for cancer incidence, trend moni-
toring, and contributions to epidemiological studies, ana-
lytical research, and cancer estimates [1]. They operate 
in a country or region, utilizing data from all diagnosed 
cancer patients within a defined population and time 
interval. The proportion of the world’s population cov-
ered by registries included in Volume XI of CI5 (Cancer 
Incidence in Five Continents), published by the Interna-
tional Agency for Research on Cancer (IARC), was 15%, 
with coverage of 1% in Africa, 8% in Central and South 
America, 98% in North America, 7% in Asia, 46% in 
Europe, and 77% in Oceania [2].

Governmental and nongovernmental cancer institu-
tions, along with research groups, use incidence data to 
generate cancer incidence estimates. Different method-
ologies can be employed for estimating incidence, and 
the validity of these estimates depends on the degree of 
representativeness and quality of the source information. 
Countries with lower and middle-income levels often 
exhibit lower overall quality and coverage of cancer reg-
istries than do higher-income countries [3, 4]. Globocan 
(IARC) emphasizes short-term forecasting and the use of 
modelled mortality-to-incidence (M: I) or incidence-to-
mortality (I: M) ratios when applicable for national pro-
jections [5, 6]. The Global Burden of Disease (GBD) study 
generates incidence estimates by dividing mortality esti-
mates (after correction) by mortality-to-incidence ratio 
(MIR) estimates for national and regional projections [6]. 
In Brazil, theNational Cancer Institute of Brazil (INCA) 
employs a methodology similar to that of Globocan 
(IARC) [5], using a short-term model (predicting up to 
five years) based on linear time prediction models. This 
approach is applied to capitals and states with incidence 
information covering a minimum of six years and up to a 
maximum of 15 years of historical data, with at least 50 
cancer cases per year (across all age groups). For areas 
without PBCR, incidence is estimated using the median 
I/M ratio for the geographical region where estimation is 
desired [7].

Brazil, a continental country with 27 federative units 
and over 213 million inhabitants [8], faces the challenge 
of maintaining continuous operational and data quality in 
the PBCR. Currently, there are 30 PBCRs with population 
coverage at the state, capital, metropolitan region, health 
region, or municipal level [7]. Ten Brazilian PBCRs par-
ticipated by including their data in the IARC publication 
(CI5), the gold standard for registry quality, from the first 
to the tenth volume [9]. The latest volume XI included six 
Brazilian PBCRs [2].

Given the importance of using PBCR data for cancer 
burden monitoring through incidence, its use in inci-
dence estimates and the absence of studies describing 

data quality, this study aimed to analyze the quality of 
data from Brazilian cancer registry considering the gas-
trointestinal cancers, as this group are major contributors 
of the top seven causes of cancer-related death, includ-
ing colorectal, stomach liver, pancreatic and esophageal 
cancer. Overall, common gastrointestinal tract cancers 
accounted for 35% of neoplasms-related [10]. We ana-
lyzed the comparability, validity, completeness, and time-
liness criteria foresophageal, stomach, colorectal, liver, 
and pancreatic cancers.

Methods
This is a study based on data from population-based can-
cer registries (PBCRs) obtained through the National 
Cancer Institute on Jan 8, 2023, from the link https://
www.gov.br/inca/pt-br/assuntos/cancer/numeros/regis-
tros/base-populacional, with the database’s latest update 
on Nov 25, 2022. The INCA database contains informa-
tion from 33 cancer registries, of which 30 PBCRs are 
currently active [7]. The inclusion criteria for this study 
were PBCRs with more than ten years of information, 
starting in the year 2000, and population coverage at the 
state, metropolitan region, or capital level (Supplemen-
tary Table 1). Brazilian PBCRs were evaluated against 
four internationally defined quality criteria: comparabil-
ity, validity (accuracy), completeness, and timeliness [11, 
12]. The analysis criteria were as follows:

Comparability
The comparability of statistics generated over time 
requires standardizing practices related to the classifica-
tion and coding of new cases and ensuring consistency 
in incidence definitions. The standard for cancer classi-
fication and coding is the International Classification of 
Diseases for Oncology, published by the World Health 
Organization (WHO), which provides standards for 
topography, morphology, and tumor behavior coding [11, 
12]. Comparability was verified based on the guidelines 
to which Brazilian registries adhere.

Validity
Data validity (accuracy) can be improved by consistency 
checks performed through data entry methods [12], as 
described in this study through diagnostic method crite-
ria (morphologically verified and death certificate only) 
and missing information analysis. Validity was analyzed 
by cancer registry, sex, and overall, for all incident cases 
except nonmelanoma skin cancer (NMSC, C44) and for 
cancers of the esophagus (C15), stomach (C16), colorec-
tum (C18-C20), liver (C22), and pancreas (C25), clas-
sified according to the International Classification of 
Diseases for Oncology, 3rd edition (ICD-O3). The inclu-
sion criteria were as follows:

https://www.gov.br/inca/pt-br/assuntos/cancer/numeros/registros/base-populacional
https://www.gov.br/inca/pt-br/assuntos/cancer/numeros/registros/base-populacional
https://www.gov.br/inca/pt-br/assuntos/cancer/numeros/registros/base-populacional
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Proportion of morphologically verified (MV%)
For most cases, the gold standard for diagnosis is a histo-
logical report released by a pathologist. Cancer registries 
may also use other diagnostic sources, such as hemato-
logic tests, imaging, or clinical information. Therefore, 
the validity index is often the percentage of morphologi-
cally verified cases [12]. Morphologically verified cases 
were identified by examining the proportion of MV 
compared to other notification types (clinical, imaging, 
or death certificate) for incident cases. The recommenda-
tion is an MV% above 70% [2].

Proportion of deaths certificate only (DCO%)
The proportion of cancers for which no information 
other than a death certificate mentioned cancer was 
available was another validity measure. Death certificate-
only cases represent the residue of cases after all case 
identification strategies have been completed, for which 
no information other than a death certificate mention-
ing cancer could be obtained. Thus, a high percentage 
of DCO may indicate inappropriate case detection [12]. 
The DCO proportion was calculated in relation to other 
notification types, and the recommended DCO% was less 
than 20% [2].

Proportion of patients of unknown age
Another variable commonly assessed for the proportion 
of missing values is age [11]. The greater the proportion 
of patients of unknown age, the greater the impact on 
incidence rate calculations since these patients may be 
excluded from incidence analyses. It is recommended 
that the absence of age information be less than 10% in 
the database [2].

Proportion of unknown primary sites (C80)
Incidence rates for cancer in specific locations may be 
underestimated if a significant proportion of cases are 
recorded in the “unknown primary site” category. The 
proportion of cases attributed to category C80 can indi-
cate the accuracy of obtaining the primary tumor diag-
nosis [11]. The proportion of cases coded as C80 was 
calculated to identify cases where the primary site of the 
tumor was unknown in relation to the total. It is recom-
mended that the percentage of C80 be below 10% in the 
database [2].

Completeness
Completeness can be analyzed using qualitative (or 
semiquantitative) methods that indicate the degree 
of completeness compared to other registries or over 
time or quantitative methods that provide a numerical 
assessment of how many eligible cases have been regis-
tered. In this study, completeness was analyzed through 
semiquantitative methods, such as the possibility that a 

relatively high MV% (close to 100%) may represent data 
collection incompleteness and failure to identify infor-
mation sources. This is because the entry of a case can 
be identified from different sources [11], the stability of 
incidence over time, and the mortality-to-incidence ratio.

Stability of incidence over time
Changes in the stability of incidence over time may indi-
cate potential failures in the coverage of case notification 
sources in the absence of significant changes in the popu-
lation or diagnostic and treatment practices [11]. For this 
analysis, standardized incidence rates were calculated for 
all cancers, except nonmelanoma skin cancer, by sex and 
PBCR according to the available data. Standardized rates 
were calculated using the direct method, with the Segi 
(1960) world population standard modified from Doll 
(1966). Population data were obtained from the Brazilian 
Institute of Geography and Statistics (IBGE), available on 
DATASUS, and extracted by geographic coverage of each 
PBCR by year, age group (5–5 years), and sex [8].

Mortality-to-incidence ratio (M: I)
The mortality-to-incidence ratio is an important indica-
tor used to report possible incompleteness. It compares 
the number of deaths, obtained from an external source 
to the registry (usually vital statistics systems), and the 
number of new cases of a specific cancer in the same 
time period [11]. The M: I ratio was calculated for each 
topography (esophagus, stomach, colorectum, liver, and 
pancreas) between the number of deaths and estimated 
new cases, based on the cumulative standardized rates 
in the incidence and mortality period, by sex and cancer 
registry. If the declaration of causes of death was accu-
rate and incidence and survival were constant, the M: I 
ratio was equal to 1 minus the probability of survival. A 
ratio greater than 1 indicates underreporting [13]. The M: 
I ratio was calculated by the unbiased median estimate 
(mid-p) and unconditional maximum likelihood estimate 
(Wald).

Timeliness
The prompt notification of cancer case information 
should be another priority for cancer registries. Timeli-
ness is related to how quickly a registry can collect, pro-
cess, and report sufficiently reliable and complete cancer 
data [12]. Timeliness was analyzed by calculating the time 
(in years) between the last year of information available 
for each registry and the current calendar year (2022). 
Timeliness depends on infrastructure, resources, and the 
work team, reflecting each cancer registry’s capacity to 
collect, process, and provide complete and accurate data.
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Software’s
The map was plotted in QGIS Development Team 2022, 
version 3.24.2-Tisler from April 15, 2022, a software with 
a General Public License [14].

The descriptive analyses and the incidence rate were 
performed in Microsoft Excel.

The Mortality-to-incidence ratio was performed in 
RStudio software version 1.2.5042, the “epitools” package, 
and the rate ratio (ratioratio) [13], the confidence inter-
vals (95%) were calculated using exact methods (mid-p) 
and the normal approximation (Wald).

Results
Of the 27 Federative Units in Brazil, this study included 
PBCRs from 15 states and the Federal District; in nine 
states, the PBCRs were not included because they did not 
meet the eligibility criteria, and two states had no active 
registry. The 16 studied PBCRs, according to the data 
availability period, were as follows: Espírito Santo (2000–
2012); Manaus (2000–2014); Roraima (2003–2014); For-
taleza and São Paulo (2000–2015); Aracaju (2000–2016); 
Belém, Curitiba, Federal District, Goiânia, João Pessoa, 
Palmas, Porto Alegre, and Recife (2000–2017); Belo Hor-
izonte and Cuiabá (2000–2018) (Supplementary Table 
1). The 33 cancer registries of the Brazilian population 
covered 26% of the population in 2021, approximately 
56  million inhabitants. The 16 PBCRs included in this 
study (Fig.  1) represent 17% of the Brazilian population 
(36  million), with incident data available from 2000 to 
2018 and a historical series ranging from 12 to 19 years, 
totaling approximately 1,300,000 cases, excluding non-
melanoma skin cancer, and over 300,000 cases of non-
melanoma skin cancer (Table 1).

The PBCR with the highest population coverage is 
São Paulo, representing 5.8% of the Brazilian popula-
tion (Supplementary Table 1), with 531,943 incident 
cases between 2000 and 2015 (Table 1). The percentage 
of nonmelanoma skin cancer (NMSC) among the stud-
ied PBCRs varied from 6.9% in Espírito Santo to 35.9% 
in Goiânia. NMSC patients were excluded from the 
data quality analyses according to predefined criteria 
(Table 1).

Comparability
Comparability is ensured by national and international 
norms and recommendations. All the Brazilian PBCRs 
follow the rules and recommendations from the National 
Cancer Institute of Brazil (INCA), that supports and 
assists Brazilian cancer registries through activities 
focused on registrar training, specific educational mate-
rials, operational support for computerized systems, and 
data publication. The INCA also standardizes practices 
disseminated through the Manual of Routines and Proce-
dures for Population-Based Cancer Registries.

Validity
The proportion of morphologically verified (MV%) varied 
from 74.3% in Manaus to 94.8% in Aracaju. The propor-
tion of deaths certificate only (DCO%) varied from 3.0% 
in São Paulo to 23.9% in Espírito Santo. The percentage 
of unknown primary sites (C80) was greater in São Paulo 
(5.4%) and Roraima (5.2%) (Table  1). The indicators of 
morphology verification and death certificate-only status 
depended on the sex, with men having a greater propor-
tion of cases identified by a death certificate above 20% 
in Porto Alegre, Manaus, Espírito Santo, and Roraima 
(Fig. 2).

The proportion of patients of unknown age was as rec-
ommended in all PBCRs, except for the PBCR of Roraima 
with 20.0% unknown age for all cancers except NMSC 
(Table 1).

All Brazilian PBCRs showed the quality in the indica-
tor of the proportion of unknown primary sites (C80) 
as recommended to be below 10% (Table  1). The high-
est proportion of unknown primary sites (C80) was also 
observed in males in all registries (Fig. 2).

For esophageal, stomach, and colorectal cancers, higher 
morphologically verified and lower death certificate-only 
values were observed. However, for liver and pancreas 
cancers, morphologically verified values were below 80%, 
and death certificate-only values were above 30% in most 
registries (Table 2). In Roraima, the highest percentages 
of death certificate-only for esophagus and stomach can-
cers in both sexes and pancreas cancer for females were 
observed, while for liver cancer, the highest percentage 
of death certificate-only was observed in Cuiabá in males 
(Fig. 3).

Completeness
The highest proportion of MV was observed in PBCR of 
Aracaju with 94.8%, followed by Goiania (93.2%). These 
which higher MV% close to 100%, may represent data 
collection incompleteness and failure to identify informa-
tion sources.

In the stability of incidence over time, the ten-year or 
greater incidence rates for all cancer cases, except non-
melanoma skin cancer, were stable in the PBCRs of For-
taleza, João Pessoa, Recife, and Belo Horizonte among 
men and women. According to Fig.  4, it showed that 
twelve Brazilian PBCRs do not have stability of incidence 
over time.

For the mortality-to-incidence ratio (M: I) we observed 
M: I exceeding 1 for liver cancer in Espírito Santo (M: I 
1.1; 95% CI 1.0;1.3), Fortaleza, Goiânia, and São Paulo 
(M: I 1.9; 95% CI 1.9;2.0) in males. While, between 
females, M:I was larger than 1 in Belo Horizonte, 
Espírito Santo, Cuiabá, Fortaleza, Goiânia, João Pessoa, 
and São Paulo. For pancreatic cancer, an M: I greater 
than 1 was observed in both sexes in Curitiba, Espírito 
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Fig. 1 Geographic distribution of Population-Based Cancer Registries with statewide or capital coverage, included and not included in the study

 



Page 6 of 14Silva e et al. BMC Cancer          (2024) 24:870 

Ta
bl

e 
1 

D
ist

rib
ut

io
n 

of
 in

ci
de

nt
 c

as
es

 re
ga

rd
in

g 
th

e 
to

ta
l a

nd
 p

ro
po

rt
io

n 
of

 n
on

-m
el

an
om

a 
sk

in
 c

an
ce

r (
N

M
SC

) c
as

es
, p

ro
po

rt
io

n 
of

 c
as

es
 re

gi
st

er
ed

 b
y 

m
or

ph
ol

og
ic

al
ly

 v
er

ifi
ed

 
(M

V%
), 

pe
rc

en
ta

ge
 o

f c
as

es
 b

y 
de

at
h 

ce
rt

ifi
ca

te
 o

nl
y 

(D
CO

%
), 

ag
e 

ig
no

re
d 

an
d 

un
kn

ow
n 

pr
im

ar
y 

sit
e 

(C
80

), 
ex

ce
pt

 N
M

SC
, b

y 
Br

az
ili

an
 P

BC
Rs

, 2
00

0–
20

18
A

ll 
ca

se
s 

(C
00

-C
80

)
Ca

se
s,

 e
xc

ep
t n

on
-m

el
an

om
a 

sk
in

 c
an

ce
r (

C0
0-

C8
0,

 e
xc

ep
t C

44
)

Po
pu

la
tio

n-
Ba

se
d 

Ca
nc

er
 R

eg
is

tr
y 

(P
BC

R)
Pe

ri
od

 o
f d

ia
gn

os
is

To
ta

l
N

M
SC

N
M

SC
/ t

ot
al

A
ll 

ca
se

s,
 e

xc
ep

t N
M

SC
M

V%
D

CO
%

A
ge

 ig
no

re
d 

U
nk

no
w

n 
pr

im
ar

y 
si

te
 (C

80
)

Ye
ar

s
N

N
%

N
N

%
N

%
N

or
th

 
Be

lé
m

20
00

–2
01

7
59

,8
07

6,
39

6
10

.7
53

,4
11

82
.8

16
.3

1,
28

5
2.

4
84

1
1.

6
 

M
an

au
s

20
00

–2
01

4
38

,1
35

3,
43

9
9.

0
34

,6
96

74
.3

20
.5

39
1

1.
1

84
7

2.
4

 
Pa

lm
as

20
00

–2
01

7
4,

92
9

65
6

13
.3

4,
27

2
82

.3
14

.6
47

1.
1

76
1.

8
 

Ro
ra

im
a

20
03

–2
01

4
5,

74
5

1,
04

5
18

.2
4,

70
0

75
.1

21
.3

94
1

20
.0

24
6

5.
2

N
or

th
ea

st
 

Ar
ac

aj
u

20
00

–2
01

6
43

,3
76

14
,6

85
33

.9
28

,6
91

94
.8

4.
6

40
0.

1
24

0
0.

8
 

Jo
ão

 P
es

so
a

20
00

–2
01

7
27

,5
78

3,
45

8
12

.5
24

,1
18

87
.7

6.
6

20
0.

1
75

4
3.

1
 

Fo
rt

al
ez

a
20

00
–2

01
5

93
,6

94
18

,7
48

20
.0

74
,9

40
84

.6
12

.1
1,

21
4

1.
6

25
72

3.
4

 
Re

ci
fe

20
00

–2
01

7
67

,7
08

8,
18

2
12

.1
59

,5
26

76
.0

12
.5

11
6

0.
2

1,
01

5
1.

7
Ce

nt
ra

l-W
es

t
 

Cu
ia

bá
20

00
–2

01
8

35
,5

24
7,

95
6

22
.4

27
,5

66
86

.2
12

.5
19

2
0.

7
59

7
2.

2
 

D
ist

rit
o 

Fe
de

ra
l

20
00

–2
01

7
95

,6
58

14
,2

27
14

.9
81

.4
22

81
.5

16
.3

7,
37

8
9.

1
1,

53
3

1.
9

 
G

oi
ân

ia
20

00
–2

01
7

87
,6

93
31

,4
49

35
.9

56
,2

44
93

.2
5.

5
42

0.
1

1,
25

4
2.

2
So

ut
he

as
t

 
Be

lo
 H

or
iz

on
te

20
00

–2
01

8
17

3,
75

3
37

,3
74

21
.5

13
6,

37
2

90
.3

92
.2

64
9

0.
5

5,
15

7
3.

8
 

Es
pí

rit
o 

Sa
nt

o
20

00
–2

01
2

27
,2

49
1,

87
7

6.
9

25
,3

71
76

.0
23

.9
46

0.
2

51
0

2.
0

 
Sã

o 
Pa

ul
o

20
00

–2
01

5
65

6,
91

7
12

4,
97

4
19

.0
53

1,
94

3
84

.4
3.

0
35

,3
04

6.
6

28
,6

20
5.

4
So

ut
h

 
Cu

rit
ib

a
20

00
–2

01
7

92
,3

99
15

,4
49

16
.7

76
,9

50
86

.4
12

.8
29

0.
0

2,
01

8
2.

6
 

Po
rt

o 
Al

eg
re

20
00

–2
01

7
10

5,
81

7
21

,1
83

20
.0

84
,5

91
76

.9
20

.2
2,

22
6

2.
6

2,
14

3
2.

5
N

M
SC

: n
on

m
el

an
om

a 
sk

in
 c

an
ce

r; 
M

V%
: p

ro
po

rt
io

n 
of

 m
or

ph
ol

og
ic

al
ly

 v
er

ifi
ed

; D
CO

%
: p

ro
po

rt
io

n 
of

 d
ea

th
 c

er
tifi

ca
te

 o
nl

y

C0
0-

C8
0:

 T
op

og
ra

ph
y 

in
 In

te
rn

at
io

na
l C

la
ss

ifi
ca

tio
n 

of
 D

is
ea

se
 in

 O
nc

ol
og

y 
3r

d 
ed

iti
on

PB
CR

s:
 P

op
ul

at
io

n-
Ba

se
d 

Ca
nc

er
 R

eg
is

tr
ie

s



Page 7 of 14Silva e et al. BMC Cancer          (2024) 24:870 

Santo, Goiânia, and São Paulo, including João Pessoa 
and Manaus among males and Roraima among females   
(Fig. 5).

Timeliness
According to the timeliness criterion, all PBCRs pre-
sented delays exceeding 48 months in making incidence 
data available compared to the calendar year 2022, with 
the shortest delay being 4 years for Cuiabá and Belo Hor-
izonte and the longest delay being 10 years for Espírito 
Santo (Table 1).

Discussion
This study assessed four data quality criteria — compara-
bility, validity, completeness, and timeliness — in 16 Bra-
zilian Population-Based Cancer Registries (PBCRs) for all 
cancers except nonmelanoma skin cancer and for esoph-
ageal, stomach, colorectal, liver, and pancreatic cancers. 
Comparability is ensured by national and international 
norms and recommendations [15]. The proportions of 
morphologically verified (MV%) and death certificate-
only (DCO%) patients were adequately stable for all 
cancers except nonmelanoma skin cancer. However, the 

completeness criteria were heterogeneous, as indicated 
by the stability of incidence over time, with only four 
PBCRs demonstrating stable rates. Validity (MV% and 
DCO%) and completeness (mortality-to-incidence ratio) 
by cancer type showed a low percentage of MV and high 
DCO% for lethal cancers such as liver and pancreas can-
cers. Seven out of the sixteen studied registries had an M: 
I ratio greater than 1. According to the timeliness crite-
rion, all PBCRs presented delays exceeding 48 months in 
incidence data available.

The population coverage of the Brazilian PBCR, at 17% 
of the national population in this study, contrasts with 
the 40% coverage observed in China and the 96% cover-
age in the United States, with nearly 100% in the United 
Kingdom, Australia, and South Korea [16]. Our findings 
reflect the lack of investments in cancer registries in Bra-
zil, while China increased its cancer registries from 43 in 
2008 to 574 in 2019, aligning with increased funding for 
expansion [17]. In Brazil, national resources supporting 
the PBCR come from the Ministry of Health’s Ordinance 
2.607/GM, dated December 28, 2005, with current values 
equivalent to just over R$1  million annually (less than 
US$200,000 annually) [18]. These values, set according 

Fig. 2 Proportion of (A) morphologically verified (MV%), (B) proportion of death certificate only (DCO%), and (C) proportion of primary site unknown 
(C80%), for all cancers except non-melanoma skin cancer, by Population-Based Cancer Registry and sex
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to the 2005 population size among 22 federative units of 
Brazil, are insufficient for the continuity and expansion 
of cancer registries. For São Paulo, the largest Brazil-
ian city with more than 12 million inhabitants, the fixed 
amount was R$10,000.00 monthly (equivalent to less than 
US$2,000.00) in 2005, corrected to R$15,000.00 (less than 
US$3,000.00) monthly in 2014 [19]. This is insufficient for 
PBCR funding, and as a result, São Paulo relied on finan-
cial support from the Municipal Health Secretariat and 
infrastructure support from the University of São Paulo’s 

School of Public Health [20]. However, the financial sup-
port agreement with the municipal secretariat was dis-
continued in 2019. Other Brazilian PBCRs, such as the 
one in Goiânia, exist and sustain their activities through 
agreements and resources with other institutions [21].

The National Cancer Institute of Brazil (INCA) sup-
ports and assists Brazilian cancer registries through 
activities focused on registrar training, specific edu-
cational materials, operational support for comput-
erized systems, and data publication. The INCA also 

Fig. 3 Proportion of death certificate only (DCO%) for tumors of the gastrointestinal tract (A) esophagus, stomach, colorectal, and (B) accessory organs 
liver and pancreas, by Population-Based Cancer Registry and sex
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Fig. 4 Age-standardized incidence rates for all cancers, excluding non-melanoma skin cancer, by Population-Based Cancer Registry and sex, from 2000 
to 2018
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standardizes practices disseminated through the Manual 
of Routines and Procedures for Population-Based Cancer 
Registries [15], based on principles and methods devel-
oped by the International Agency for Research on Can-
cer (IARC) and the International Association of Cancer 
Registries (IACR), ensuring international comparability 
of incidence data [7]. However, variations in the inclusion 
criteria for nonmelanoma skin cancers (NMSCs) were 
observed among the studied registries, possibly leading 
to underreporting or overreporting of these tumors.

The percentage of MV, a validity criterion, in all ana-
lyzed cancer registries is comparable to that of the Euro-
pean and American PBCRs, which have high data validity 
[22, 23] and follow IARC recommendations of above 70% 
for all cancers except NMSC [2]. These results showed 
Brazilian PBCRs have access to the anatomical pathol-
ogy laboratory. However, when analyzing MV% by cancer 
type, Manaus’s PBCR showed a low percentage of MV for 
esophageal, stomach, colorectal, and pancreatic tumors, 
likely due to health service supply and coverage issues 

and a lack of integration among services. Roraima’s state-
wide PBCR also demonstrates difficulty in identifying 
cases at the primary diagnostic source [24]. For pancre-
atic cancer, the percentage of MV was less than 71% in all 
sixteen Brazilian registries, similar to liver cancer, except 
in São Paulo (89.7%). This might indicate incomplete 
registration of clinical cases or inadequate histological 
verification. Indeed, a low MV percentage for pancreatic 
cancer (63%) was also observed in Finland [25], which 
was lower than that in Norway [22] and Iceland [26] due 
the high-lethality of this cancer, this may be reason why, 
which MV is low.

The percentage of DCO in some registries in the Amer-
icas is less than 5%, as recommended locally. Percentages 
below 5% for DCO cases were observed in the PBCRs of 
São Paulo and Aracaju when analyzing the total cases. 
However, Espírito Santo (metropolitan), Roraima (state-
wide), Manaus (capital), and Porto Alegre (capital) 
PBCRs had DCO above the recommended < 20% for all 
neoplasms except nonmelanoma skin cancer [2]. A high 

Fig. 5 Comparison of the mortality-to-incidence ratio for esophageal, stomach, colorectal, liver, and pancreatic cancers by sex and Population-Based 
Cancer Registry
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DCO% for liver and pancreatic tumors may indicate dif-
ficulty in identifying these neoplasms at primary sources 
or the absence of clinical or pathological diagnoses. For 
tumors such as esophageal, stomach, and colorectal can-
cer, there was a greater MV% and lower DCO%, indicat-
ing greater access to diagnosis and more information, as 
the incidence of these neoplasms has increased in the 
population due to increased exposure to risk factors [2].

All sixteen cancer registries in this study had an 
unknown primary site percentage (C80) less than 6%, 
fulfilling the recommended < 10%. In Finland, 1.9% of 
cases were registered with an unknown primary loca-
tion, and there was a strong association between C80% 
and age, possibly due to diagnostic [25]. The presence 
of an unknown primary site (C80) is associated with a 
late-stage cancer diagnosis, where the primary neoplasm 
is not identified, and a lack of information in medical 
records and pathological reports of the primary tumor 
[11].

Stability in incidence over time was observed for can-
cer registries in Fortaleza, João Pessoa, Recife, and Belo 
Horizonte. A Finnish study also described stability in 
rates without severe fluctuations [25], as observed in 
other Nordic countries [27]. However, most Brazilian 
registries showed significant fluctuations or declining 
trends in rates.

This may indicate potential failures in case notifica-
tion source coverage [10], frequent change in the team, 
difficulty in accessing the sources, lack of investments on 
resources and infrastructure. There are 20% increase in 
incidence in the last decade, a continuous increase in the 
coming decades is expected [28], so stability or increase 
in incidence over time was expected.

The mortality-to-incidence ratio (M: I), a measure of 
completeness, calculated by obtaining mortality data 
from an independent source, usually Vital Statistics Sys-
tems [12], differs in Brazil, where it is provided by the 
Mortality Information System (SIM) [29], with national 
coverage and high-quality levels [30]. For pancreatic can-
cer, the expected M: I ratio is close to 1 due to the high-
lethality of the tumor. A study on pancreatic cancer in 
Brazil and China revealed an inversion with higher mor-
tality compared to incidence, possibly due to methods 
used by the Global Burden of Disease (GBD) 2019 study, 
leading to an excess of deaths and/or revealing the under-
estimation of incidence [32]. Thus, there may be under-
reporting of incident cases in Brazilian registries. An M: 
I greater than 1 for pancreatic cancer was observed in 
both sexes in this study in the PBCRs of Curitiba, Espírito 
Santo, Goiânia, and São Paulo, including João Pessoa and 
Manaus among men and Roraima among women. In all 
these locations, mortality rates were higher than inci-
dence rates, indicating underreporting, as DCO cases 
represent the residue of cases after all case identification 

strategies have been completed, for which no other infor-
mation beyond a death certificate mentioning cancer 
could be obtained [11].

Finally, the maximum lag time recommended for the 
evaluation of the consistency and disclosure of can-
cer incidence data in Brazil, conditioned on the right to 
receive the funding provided in ordinance No. 183 of Jan-
uary 30, 2014, is a maximum of two calendar years [18]. 
None of the studied cancer registries met this require-
ment. The delay in disclosing incidence data between 4 
and 10 years compared to the calendar year (2022) limits 
the estimates produced from these data. Because of the 
insufficient resources and lack of investments from the 
government, the Brazilian PBCRs have fragility to con-
tinuing the routine activities and work fast due to lack of 
permanent policy. However, we believe that to reduce this 
timeliness, partnerships could be established between 
public and private institutions. Furthermore, technologi-
cal resources could be incorporated in the routine regis-
try, thus improving the PBCRs and reduce the delay of 
incidence data. In some European countries, electronic 
data capture has accelerated the registration process, 
with a median latency of 18 months for case verification 
and 3 to 6 months for data publication [25, 32]. Networks 
such as the Surveillance, Epidemiology, and End Results 
(SEER) and the North American Association of Central 
Cancer Registries reported data collected within 22–24 
months after the end of the diagnosis [11].

Limitations of this study include the absence of inci-
dence data in all Brazilian capitals, lack of homogeneity 
among available data periods, and significant delay com-
pared to the calendar year. We do not analyze the 5th 
quality criterion on ‘quality indices for survival data’, since 
these results were not available in the dataset or acces-
sible to us. The variable stage was not analyzed because 
it is not collected as standard in Brazilian PCBRs. As a 
strength, the analysis was conducted for 16 Brazilian reg-
istries with a broad population distribution, including 
over 1 million cancer cases (excluding nonmelanoma skin 
cancer) and over 18 years of incidence data.

Conclusions
The quality of the Brazilian cancer registries met the 
comparability and validity criteria. However, when ana-
lyzing specific tumor groups with high-lethality, such 
as pancreatic and liver cancer, potential underreport-
ing was observed, likely related to the natural history of 
these cancers. Factors such as access to sources such as 
hospitals and pathology laboratories, partnerships, finan-
cial support, and periodic registrar training can con-
tribute to reducing delays in providing cancer incidence 
data in Brazil. Currently, there are disparities in the qual-
ity of available cancer data in Brazil, and greater efforts 
are needed to make incidence data available periodically 
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and updated. A PBCR is an effective instrument for pub-
lic health monitoring, whose costs are low compared to 
the benefits generated for the population. Cancer registry 
data, through trends in incidence, cancer survival, and 
mortality data, can be used to periodically assess over-
all progress in cancer control in the country. Therefore, 
ensuring the stability and sustainability of population-
based cancer registries in Brazil will provide a policy that 
benefits the Brazilian population in cancer control.
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