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ICD-10 Code Description (EN)
C00 Malignant neoplasm of lip
C01 Malignant neoplasm of base of tongue
C02 Malignant neoplasm of other/unspecified parts of tongue
C03 Malignant neoplasm of gum
C04 Malignant neoplasm of floor of mouth
C05 Malignant neoplasm of palate
C06 Malignant neoplasm of other/unspecified parts of mouth
C07 Malignant neoplasm of parotid gland
C08 Malignant neoplasm of other/unspecified major salivary glands
C09 Malignant neoplasm of tonsil
C10 Malignant neoplasm of oropharynx
C11 Malignant neoplasm of nasopharynx
C12 Malignant neoplasm of pyriform sinus
C13 Malignant neoplasm of hypopharynx
C14 Malignant neoplasm of other/ill-defined sites in lip, oral cavity and

pharynx
C15 Malignant neoplasm of esophagus
C16 Malignant neoplasm of stomach
C17 Malignant neoplasm of small intestine
C18 Malignant neoplasm of colon
C19 Malignant neoplasm of rectosigmoid junction
C20 Malignant neoplasm of rectum
C21 Malignant neoplasm of anus and anal canal
C22 Malignant neoplasm of liver and intrahepatic bile ducts
C23 Malignant neoplasm of gallbladder
C24 Malignant neoplasm of other/unspecified parts of biliary tract
C25 Malignant neoplasm of pancreas
C26 Malignant neoplasm of other/ill-defined digestive organs
C30 Malignant neoplasm of nasal cavity and middle ear
C31 Malignant neoplasm of accessory sinuses
C32 Malignant neoplasm of larynx
C33 Malignant neoplasm of trachea
C34 Malignant neoplasm of bronchus and lung
C37 Malignant neoplasm of thymus
C38 Malignant neoplasm of heart, mediastinum and pleura
C39 Malignant neoplasm of other/ill-defined sites in respiratory system
C40 Malignant neoplasm of bone and articular cartilage of limbs
C41 Malignant neoplasm of bone and articular cartilage of

other/unspecified sites
C43 Malignant melanoma of skin
C44 Other malignant neoplasms of skin
C45 Mesothelioma
C46 Kaposi's sarcoma
C47 Malignant neoplasm of peripheral nerves and autonomic nervous

system
C48 Malignant neoplasm of retroperitoneum and peritoneum

This preprint research paper has not been peer reviewed. Electronic copy available at: https://ssrn.com/abstract=6958204

Pr
ep

rin
t n

ot
 p

ee
r r

ev
ie

wed



C49 Malignant neoplasm of other connective and soft tissue
C50 Malignant neoplasm of breast
C51 Malignant neoplasm of vulva
C52 Malignant neoplasm of vagina
C53 Malignant neoplasm of cervix uteri
C54 Malignant neoplasm of corpus uteri
C55 Malignant neoplasm of uterus, part unspecified
C56 Malignant neoplasm of ovary
C57 Malignant neoplasm of other/unspecified female genital organs
C58 Malignant neoplasm of placenta
C60 Malignant neoplasm of penis
C61 Malignant neoplasm of prostate
C62 Malignant neoplasm of testis
C63 Malignant neoplasm of other/unspecified male genital organs
C64 Malignant neoplasm of kidney, except renal pelvis
C65 Malignant neoplasm of renal pelvis
C66 Malignant neoplasm of ureter
C67 Malignant neoplasm of bladder
C68 Malignant neoplasm of other/unspecified urinary organs
C69 Malignant neoplasm of eye and adnexa
C70 Malignant neoplasm of meninges
C71 Malignant neoplasm of brain
C72 Malignant neoplasm of spinal cord, cranial nerves and other parts

of CNS
C73 Malignant neoplasm of thyroid gland
C74 Malignant neoplasm of adrenal gland
C75 Malignant neoplasm of other endocrine glands and related

structures
C76 Malignant neoplasm of other/ill-defined sites
C77 Secondary malignant neoplasm of lymph nodes
C78 Secondary malignant neoplasm of respiratory and digestive

organs
C79 Secondary malignant neoplasm of other and unspecified sites
C80 Malignant neoplasm without specification of site
C81 Hodgkin's lymphoma
C82 Follicular lymphoma
C83 Non-follicular lymphoma
C84 Mature T/NK-cell lymphomas
C85 Other and unspecified types of non-Hodgkin lymphoma
C86 Other specified types of T/NK-cell lymphoma
C88 Malignant immunoproliferative diseases
C90 Multiple myeloma and malignant plasma cell neoplasms
C91 Lymphoid leukaemia
C92 Myeloid leukaemia
C93 Monocytic leukaemia
C94 Other leukaemias of specified cell type
C95 Leukaemia of unspecified cell type
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C96 Other and unspecified malignant neoplasms of lymphoid,
haematopoietic tissue

C97 Malignant neoplasms of independent (primary) multiple sites
D00 Carcinoma in situ of oral cavity, oesophagus and stomach
D01 Carcinoma in situ of other and unspecified digestive organs
D02 Carcinoma in situ of middle ear and respiratory system
D03 Melanoma in situ
D04 Carcinoma in situ of skin
D05 Carcinoma in situ of breast
D06 Carcinoma in situ of cervix uteri
D07 Carcinoma in situ of other and unspecified genital organs
D09 Carcinoma in situ of other and unspecified sites
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Description (PT) Broad Organ Class
Neoplasia maligna do lábio oral cavity
Neoplasia maligna da base da língua oral cavity
Neoplasia maligna de outras partes e de partes não especificadas da
língua oral cavity
Neoplasia maligna da gengiva oral cavity
Neoplasia maligna do assoalho da boca oral cavity
Neoplasia maligna do palato oral cavity
Neoplasia maligna de outras partes e de partes não especificadas da
boca oral cavity
Neoplasia maligna da glândula parótida salivary gland
Neoplasia maligna de outras glândulas salivares maiores e das não
especificadas salivary gland
Neoplasia maligna da tonsila head and neck
Neoplasia maligna da orofaringe head and neck
Neoplasia maligna da nasofaringe head and neck
Neoplasia maligna do seio piriforme head and neck
Neoplasia maligna da hipofaringe head and neck
Neoplasia maligna de outras localizações e de localizações mal
definidas do lábio, cavidade oral e faringe head and neck
Neoplasia maligna do esôfago esophagus
Neoplasia maligna do estômago stomach
Neoplasia maligna do intestino delgado gastrointestinal tract
Neoplasia maligna do cólon colorectum
Neoplasia maligna da junção retossigmóide colorectum
Neoplasia maligna do reto colorectum
Neoplasia maligna do ânus e do canal anal colorectum
Neoplasia maligna do fígado e das vias biliares intra-hepáticas liver
Neoplasia maligna da vesícula biliar biliary tract
Neoplasia maligna de outras partes e de partes não especificadas das
vias biliares biliary tract
Neoplasia maligna do pâncreas pancreas
Neoplasia maligna de outros órgãos digestivos e de localizações mal
definidas gastrointestinal tract
Neoplasia maligna da cavidade nasal e do ouvido médio head and neck
Neoplasia maligna dos seios da face head and neck
Neoplasia maligna da laringe upper respiratory tract
Neoplasia maligna da traquéia upper respiratory tract
Neoplasia maligna dos brônquios e dos pulmões lung
Neoplasia maligna do timo mediastinum
Neoplasia maligna do coração, mediastino e pleura mediastinum
Neoplasia maligna de outras localizações e de localizações mal
definidas do sistema respiratório lung
Neoplasia maligna dos ossos e cartilagens articulares dos membros bone
Neoplasia maligna dos ossos e cartilagens articulares de outras
localizações e de localizações não especificadas bone
Melanoma maligno da pele skin
Outras neoplasias malignas da pele skin
Mesotelioma pleura
Sarcoma de Kaposi soft tissue
Neoplasia maligna dos nervos periféricos e do sistema nervoso
autônomo soft tissue
Neoplasia maligna do retroperitônio e do peritônio peritoneum
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Neoplasia maligna do tecido conjuntivo e de outros tecidos moles soft tissue
Neoplasia maligna da mama breast
Neoplasia maligna da vulva other genital
Neoplasia maligna da vagina other genital
Neoplasia maligna do colo do útero cervix
Neoplasia maligna do corpo do útero uterus
Neoplasia maligna do útero, porção não especificada uterus
Neoplasia maligna do ovário ovary
Neoplasia maligna de outros órgãos genitais femininos e dos não
especificados other genital
Neoplasia maligna da placenta other genital
Neoplasia maligna do pênis other genital
Neoplasia maligna da próstata prostate
Neoplasia maligna dos testículos testis
Neoplasia maligna de outros órgãos genitais masculinos e dos não
especificados other genital
Neoplasia maligna do rim, exceto pelve renal kidney
Neoplasia maligna da pelve renal kidney
Neoplasia maligna do ureter urinary tract
Neoplasia maligna da bexiga bladder
Neoplasia maligna de outros órgãos urinários e dos não especificados urinary tract
Neoplasia maligna do olho e anexos other/unknown
Neoplasia maligna das meninges brain
Neoplasia maligna do encéfalo brain
Neoplasia maligna da medula espinal, dos nervos cranianos e de outras
partes do SNC central nervous system
Neoplasia maligna da glândula tireoide thyroid
Neoplasia maligna da glândula suprarrenal adrenal gland
Neoplasia maligna de outras glândulas endócrinas e estruturas
relacionadas neuroendocrine
Neoplasia maligna de outras localizações e de localizações mal
definidas other/unknown
Neoplasia maligna secundária dos gânglios linfáticos lymph node
Neoplasia maligna secundária dos órgãos respiratórios e digestivos other/unknown
Neoplasia maligna secundária de outras localizações e das não
especificadas other/unknown
Neoplasia maligna sem especificação de localização unknown primary
Doença de Hodgkin lymphoma
Linfoma folicular lymphoma
Linfoma não folicular lymphoma
Linfomas de células T/NK maduras lymphoma
Linfoma não-Hodgkin de outros tipos e de tipo não especificado lymphoma
Outros tipos especificados de linfoma de células T/NK lymphoma
Doenças imunoproliferativas malignas lymphoma
Mieloma múltiplo e neoplasias malignas de plasmócitos bone
Leucemia linfoide leukemia
Leucemia mieloide leukemia
Leucemia monocítica leukemia
Outras leucemias de células de tipo especificado leukemia
Leucemia de tipo celular não especificado leukemia
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Outras neoplasias malignas e as não especificadas dos tecidos linfóide,
hematopoético e relacionados lymphoma
Neoplasias malignas de localizações múltiplas independentes (primárias) other/unknown
Carcinoma in situ da cavidade oral, esôfago e estômago upper gastrointestinal
Carcinoma in situ de outros órgãos digestivos e dos não especificados gastrointestinal tract
Carcinoma in situ do ouvido médio e do sistema respiratório lung
Melanoma in situ skin
Carcinoma in situ da pele skin
Carcinoma in situ da mama breast
Carcinoma in situ do colo do útero cervix
Carcinoma in situ de outros órgãos genitais e dos não especificados other genital
Carcinoma in situ de outras localizações e das não especificadas other/unknown
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Original Term Broad Organ Class
abdom nodes lymph node
abdominal LN lymph node
adrenal glands adrenal gland
adrenal_gland adrenal gland
andomen cav peritoneum
anus colorectum
appendix colorectum
auxiliary nodes lymph node
axillary LN lymph node
bile duct biliary tract
biliary_cancer biliary tract
bladder bladder
bone bone
bone_marrow bone
brain cerebral brain
brain dural brain
brain brain
branchial cyst head and neck
breast breast
breast_cancer breast
cervical nodes lymph node
cervical_cancer cervix
cervix cervix
colon colorectum
colorectal_cancer colorectum
diaphragm mediastinum
duodenum gastrointestinal tract
esophageal_and_gastric_cancer upper gastrointestinal
esophagus esophagus
eye other/unknown
fallopian tubes other genital
gallbladder biliary tract
gastroint tract gastrointestinal tract
head_and_neck_cancer head and neck
heart mediastinum
inguinal nodes lymph node
intestinal LN lymph node
kidney kidney
kidney_cancer kidney
large intestine colorectum
larynx upper respiratory tract
limph nodes dist lymph node
limph nodes reg lymph node
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lip oral cavity
liver liver
liver_cancer liver
lung lung
lung_cancer lung
mediast nodes lymph node
mediastinal LN lymph node
melanoma skin
meninges brain
mesentery peritoneum
neuroendocrine_cancer neuroendocrine
non_regional_lymph_nodes lymph node
omentum peritoneum
other other/unknown
other_site other/unknown
ovarian_cancer ovary
ovaries ovary
ovary ovary
pancreas pancreas
pancreatic_cancer pancreas
parotid gland salivary gland
pelvic LN lymph node
penis other genital
pericardium mediastinum
peritoneum peritoneum
pharynx head and neck
pineal gland brain
pituitary brain
pleura pleura
prostate prostate
prostate_cancer prostate
rectum colorectum
retroperitoneal LN lymph node
retroperitoneum peritoneum
salivary salivary gland
skeletal muscle soft tissue
skin body skin
skin lower face skin
skin upper face skin
skin skin
small intestine gastrointestinal tract
soft_tissue soft tissue
spinal cord central nervous system
spleen other/unknown
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sternoclavicular LN lymph node
stomach stomach
stomach_bowel gastrointestinal tract
testes testis
testicular_cancer testis
testis testis
thoracic LN lymph node
thyroid thyroid
tongue oral cavity
tonsil head and neck
trachea upper respiratory tract
unkown primary unknown primary
ureter urinary tract
ureter_urethra urinary tract
urinary_tract_cancer urinary tract
uterus uterus
vagina other genital
vulva other genital
adrenal adrenal gland
lymphoma lymphoma
leukemia leukemia
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Abstract

Background. Accurate cancer Cause-of-Death (CoD) data are fundamental
for public health, but misclassification can bias mortality profiles, and existing
correction methods fail to capture patient-level diagnostic trajectories. We pro-
pose a network-based framework to characterize CoD misclassification linked to
metastatic spread.
Methods. We conducted a retrospective population-based study in Ceará,
Brazil (2014–2019), linking mortality and cancer registry records. After filtering,
11,226 histologically confirmed cancer deaths were analyzed. We constructed
a directed weighted Inconsistency Network (IN) between Last Diagnosis (LD)
and CoD. Misclassification probabilities were compared with autopsy-derived
metastasis probabilities (1,922 records), and effective mortality rates accounted
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for misclassification flows.
Findings. Overall, 22% of deaths showed no agreement between LD and
CoD. Misclassification was not random: lung cancer was a major category into
which deaths were incorrectly assigned in both sexes, whereas esophageal can-
cer showed this pattern only in males. The INs indicate reduced lung cancer
mortality and increased stomach cancer mortality. In males, esophageal cancer
mortality should also be reduced. In females, reduced lung cancer mortality
is largely driven by breast-to-lung inconsistencies. This is compatible with au-
topsy evidence, suggesting that many deaths recorded as lung cancer should
have been attributed to metastatic breast cancer.
Interpretation. Cancer mortality misclassification appears to follow plausible
metastatic pathways. Pulmonary metastasis recorded as primary tumours may
partly inflate lung cancer mortality while underestimating deaths from other
primary tumours, notably breast cancer. This may bias surveillance, resource
allocation, and cancer control policies. The framework offers a scalable approach
to improve mortality estimates.
Funding. Brazilian agencies CNPq, CAPES, FUNCAP, and FEQ.

Keywords: Cause-of-death misclassification, Cancer mortality, Complex
Networks, Oncology surveillance

Research in context1

Evidence before this study2

We searched PubMed/MEDLINE, SciELO, LILACS, Scopus, and Web of3

Science for studies published between Jan 1, 2000, and May 1, 2025. Search4

terms combined cancer sites and neoplasms with mortality, cause-of-death cer-5

tification, vital statistics, garbage codes, misclassification, under-reporting, au-6

topsy validation, verbal autopsy, minimally invasive tissue sampling, directed7

network models, graph theory, spatial analysis, time-series models, Brazil, Latin8

America, and low-income and middle-income countries. The search strategy9

used Boolean combinations including: (“colorectal cancer” OR “breast cancer”10

OR “lung cancer” OR “prostate cancer” OR “stomach cancer” OR “neoplasms”)11

AND (“mortality” OR “cause of death” OR “death certificate” OR “vital statis-12

tics” OR “garbage codes”) AND (“misclassification” OR “diagnostic accuracy”13

OR “metastatic attribution” OR “under-reporting”) AND (“autopsy” OR “ver-14

bal autopsy” OR “post-mortem validation”) AND (“directed network models”15

OR “graph theory” OR “spatial analysis”). Prior evidence indicates substantial16

bias in cancer mortality analyses based solely on uncorrected death certificates,17

especially in settings with regional heterogeneity in certification quality and18

persistent ill-defined causes. Existing WHO and GBD redistribution methods19

improve aggregate estimates but do not reconstruct individual diagnostic tra-20

jectories. No previous population-based study used directed network models to21

map biopsy-confirmed cancer diagnoses to administrative causes of death.22

2
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Added Value of This Study23

This study adds a patient-trajectory perspective to cancer mortality surveil-24

lance by treating cause-of-death misclassification as a directed network rather25

than as random noise or an aggregate redistribution problem. Linking mor-26

tality records with population-based cancer registry data in Ceará, Brazil, we27

analysed 11,226 histologically confirmed cancer deaths from 2014 to 2019 and28

found that 22% had no recorded cancer diagnosis matching the administrative29

cause of death. The Inconsistency Network (IN) identified specific anatomial30

flows, showing that misclassification was directional and concentrated in clin-31

ically plausible pathways. In women, deaths with breast cancer as the last32

diagnosis were frequently certified as lung cancer, and the Breast–to–Lung pair33

showed a high inconsistency probability and an even higher metastasis prob-34

ability in a curated autopsy dataset. In men, stomach cancer was frequently35

recorded as esophageal cancer, suggesting that upper gastrointestinal mortal-36

ity rankings are sensitive to anatomical boundary and coding uncertainty. The37

Cervix-to-Uterus edge was very frequent but most certainly reflects contiguity38

or direct extension rather than distant metastatic attribution (metastasis prob-39

ability close to zero). By translating these flows into effective mortality rates,40

the study shows how linked routine data and external validation evidence can41

reveal hidden distortions in cancer burden estimates and support more compa-42

rable surveillance across health systems with differing diagnostic capacity needs43

globally.44

Implications of all the available evidence45

All available evidence indicates that cancer mortality statistics should be in-46

terpreted as measurements that can contain systematic, site-specific error, not47

as neutral counts of underlying disease burden. This matters globally. GLOBO-48

CAN 2022 estimated approximately 20 million new cancer cases and 9·7 million49

cancer deaths worldwide, and the cancers implicated in this study, lung, breast,50

stomach, and esophagus, are major contributors to global mortality or have pro-51

nounced geographic heterogeneity. The problem is not confined to settings with52

constrained diagnostic resources: evidence from Belgium has shown discordance53

between death certificates and medical files among patients with breast cancer,54

including missed breast-cancer deaths when metastatic sites or immediate causes55

were recorded instead. Health systems that rely on uncorrected death certifi-56

cates may therefore mis-rank cancer priorities, overstate mortality assigned to57

terminal metastatic sites, and underestimate the primary tumours driving fatal58

trajectories. The findings support routine linkage of cancer registries, mortality59

systems, and hospital records; targeted review of high-risk anatomical pairs such60

as Breast-to-Lung and Stomach-to-Esophagus; and sentinel validation through61

autopsy, minimally invasive tissue sampling, or expert clinical review. Used62

across countries, the IN could strengthen international comparability and make63

cancer-control planning more equitable, data-responsive, transparent, auditable,64

and clinically interpretable for decision-makers and patients worldwide alike.65

3
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Introduction66

Cancer surveillance underpins public-health policy because accurate, cause-67

specific mortality data guide burden estimation, priority setting, resource alloca-68

tion, and evaluation of prevention and treatment programmes. Administrative69

mortality records are useful, however, only when Cause-of-Death (CoD) assign-70

ments are valid.1,2 In Brazil, the mortality information system offers univer-71

sal coverage, but regional variation in certification practices and persistent ill-72

defined causes weaken mortality fractions used for planning.1 In administrative73

and electronic health record datasets, misclassification can bias estimates unless74

corrected with validation data.2 Surveillance methods must therefore account75

for death-certificate error and incorporate independent reference information to76

support equitable cancer control policy.2,377

CoD misclassification is common in routine certificates and Verbal Autopsy78

(VA), varying by cause and context. Physician-certified VAs and automated VA79

algorithms show heterogeneous sensitivity and chance-corrected agreement, per-80

forming better for chronic conditions than for many infectious and non-specific81

causes.1,3 Autopsy comparisons show concordance for selected conditions but82

low predictive values for others, confirming systematic and context-dependent83

errors that distort Cause-Specific Mortality Fractions (CSMFs) and may pro-84

duce spurious trends without correction.1,2,485

Post-mortem examination therefore remains essential. Complete diagnostic86

autopsy is the most definitive standard for identifying the pathological processes87

responsible for death and validating CoD assignments from clinical records88

or VAs.3,5 However, declining autopsy rates, biosafety concerns, cultural con-89

straints, and resource limitations have encouraged alternatives, including Min-90

imally Invasive Tissue Sampling (MITS), targeted post-mortem sampling, and91

Post-Mortem Imaging (PMI) with tissue sampling. Evaluations indicate that92

these methods can increase agreement with autopsy and provide scalable valida-93

tion datasets where full autopsy is impractical.6–8 Nevertheless, PMI alone may94

miss vascular perfusion disorders and subtle histopathological findings. Robust95

CoD ascertainment often requires combining autopsy, image-guided sampling,96

and clinical data.5,6,997

This issue is relevant to cancer surveillance in Brazil and other settings,98

where coding, diagnostic intensity, and certification practices may change faster99

than disease dynamics. Such changes can create apparent paradoxes, such as100

rising recorded lung-cancer mortality despite improved diagnostic and thera-101

peutic capacity. Without independent post-mortem validation, it is difficult to102

distinguish true increases in fatal disease from artifacts of ascertainment, coding,103

or misclassification.1,2 VA and other routine methods perform unevenly across104

cancer types and settings, while autopsy- or MITS-based verification may re-105

veal under- and over-attribution of specific causes.1,4,7 Thus, an “improved care106

with increased mortality” signal may reflect a genuine epidemiological shift, a107

certification-driven artifact, or both. Resolving this ambiguity requires linkage108

between administrative surveillance and post-mortem evidence.1,2,6109

To address this gap, we designed a retrospective, population-based study of110

4
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cancer mortality in Ceará, Brazil, integrating administrative health data and111

population estimates for 2014–2019 with a curated autopsy dataset from the112

literature and validated post-mortem series. This design uses validation samples113

to correct misclassified outcomes and re-estimate CSMFs with reduced bias,2114

while building on Brazilian evidence that autopsy-anchored validation improves115

the interpretability of mortality statistics.1 We include image-guided and MITS-116

derived sources where full autopsy is unavailable, based on PMCT and targeted117

post-mortem sampling studies.6–9 Our objective is to quantify the extent and118

direction of misclassification in recorded cancer deaths, clarify trends such as119

lung cancer in Ceará, and produce corrected mortality estimates for cancer-120

control planning.1,2,6121

Methods122

Study design123

We conducted a retrospective population-based observational study of can-124

cer in the state of Ceará, Brazil, using linked administrative health data during125

the study period from 2014 to 2019. Additional mortality records and popu-126

lation estimates at both the state and national levels were also considered to127

extend the analyses from 2009 to 2023. We also incorporated a manually cu-128

rated autopsy dataset of cancer-related deaths compiled from the literature. All129

study procedures were approved by the Research Ethics Committee of Centro130

Universitário Christus - Unichristus (CEP/Unichristus; approval no. 5.617.938;131

CAAE 30203820.8.0000.5049)132

Study Setting133

Ceará, a state in Northeast Brazil, had a population of approximately 9·2134

million in the 2022 census conducted by the Brazilian Institute of Geography and135

Statistics (Instituto Brasileiro de Geografia e Estatística [IBGE]).10 Compared136

with Brazil overall, Ceará has a younger population structure and lower aver-137

age income and educational attainment, reflecting persistent regional socioeco-138

nomic inequalities. Individuals aged 60 years or older account for approximately139

15–16% of the state population, consistent with the ongoing demographic ageing140

observed nationally. Life expectancy at birth in Ceará (76·9 years) is slightly141

higher than the national average (75·5 years in 2022), although heterogeneity142

persists within the state. Mortality patterns are consistent with the national143

epidemiological transition, with non-communicable diseases accounting for most144

deaths, alongside a continued contribution from external causes and communi-145

cable diseases.10146

Datasets147

We used four datasets in this study: the Registry Dataset, Mortality Dataset,148

Population Dataset, and Autopsy Dataset. The Registry Dataset comprised a149

final sample of 11,226 individuals from Ceará, Brazil, obtained through link-150

age between the Mortality Information System (Sistema de Informações sobre151
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Mortalidade [SIM])11 and the Population-Based Cancer Registries (Registros152

de Câncer de Base Populacional [RCBP])12, including information on CoD and153

longitudinal cancer diagnostic histories for individuals who died between 2014154

and 2019. The Mortality Dataset comprised 128,863 cancer death records from155

Ceará and 3,200,318 from Brazil spanning 2009–2023, extracted from the SIM.156

The Population Dataset included annual population estimates for all Brazilian157

states and the Federal District from 2009 to 2023, obtained from the IBGE13.158

Finally, the Autopsy Dataset, compiled by Font-Clos and colleagues,14 com-159

prised 1,922 anonymised records harmonised from five independent autopsy160

studies published between 1950 and 2016, containing information on primary161

cancer sites and metastatic dissemination patterns. Detailed descriptions of the162

datasets, inclusion and exclusion criteria, variable definitions, and data harmon-163

isation procedures are provided in the Datasets section of the Supplementary164

Materials (SM).165

Consistent and inconsistent deaths166

In the Registry Dataset, we classify deaths according to a conservative defi-167

nition of agreement between the Diagnostic History and the CoD. A consistent168

death is defined as a death in which the patient has at least one diagnosis169

recorded in the Diagnostic History that matches the CoD, whereas an inconsis-170

tent death is defined as a death in which the patient has no diagnosis recorded in171

the Diagnostic History that matches the CoD. In this context, we define N con as172

the total number of consistent deaths, N inc as the total number of inconsistent173

deaths, and N = N con +N inc as the total number of deaths.174

The Model175

We propose an Inconsistency Network (IN) model to characterize discrep-176

ancies between the Diagnostic History and the CoD recorded in the Registry177

Dataset. The IN is defined as a directed weighted graph in which each node i178

represents an anatomical site associated with a malignant neoplasm, identified179

through broad organ classes. A directed edge from node i to node j is estab-180

lished when the anatomical site associated with the patient’s Last Diagnosis181

(LD) of a malignant primary tumor differs from the anatomical site recorded as182

the CoD, with i denoting the LD site and j the CoD site. Thus, edges represent183

only inconsistent site assignments between these two records. The weight wij184

of the directed edge (i, j) is defined as the total number of inconsistent deaths185

from i to j, that is, the number of patients whose LD was assigned to site i186

while the CoD was assigned to a different site j. In this way, the IN summa-187

rizes how frequently deaths attributed to one cancer site in mortality records188

are associated, in the linked diagnostic history, with a different site of malig-189

nant neoplasm. We assume that the LD provides the best available proxy for190

the patient’s disease when no earlier diagnosis in the diagnostic history matches191

the CoD. The biological plausibility of this assumption is examined later in the192

discussion.193
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Mortality rate194

The mortality rate of node i in year t is computed as,195

µi(t) =
ni(t)

p(t)
× 100,000 inhabitants, (1)

where ni(t) is the number of deaths of the node i in year t and p(t) is the196

population estimate in the same year t. For Ceará and Brazil, the values of ni(t)197

and p(t) are obtained from the Mortality and Population Datasets, respectively.198

Effective mortality rate199

We define the effective mortality rate of node i in year t as,200

µeff
i (t) = αiµi(t), (2)

with αi representing an adjustment factor that accounts for the redistribution201

of misclassified deaths. This factor is given by,202

αi =
neff
i

ni
, (3)

where neff
i is the effective number of deaths of the node i, defined as,203

neff
i = ni − sini + souti , (4)

with sini =
∑

j wji and souti =
∑

j wij representing the in-strength (or weighted204

in-degree) and out-strength (or weighted out-degree) of the node i, respectively.205

Role of the funding source206

The funders of the study had no role in study design, data collection, data207

analysis, data interpretation, or writing of the report.208

Results209

Table 1 summarizes the Registry dataset with respect to the diagnostic his-210

tory lengths ℓ. We found that 2,502 (∼ 22%) deaths are inconsistent, i.e., they211

have no diagnoses that match the recorded CoD. These inconsistencies occur212

across all values of ℓ, exhibiting an almost equal distribution between males213

and females. Among these inconsistent deaths, only 33 different CoD categories214

were observed (see Tab. 2). The most frequent CoD include lung cancer, gas-215

trointestinal tract, stomach cancer, and esophageal cancer. Regarding the LD,216

Tab. 3 shows the 28 categories observed among inconsistent deaths. The distri-217

bution is dominated by skin cancers, stomach cancer, colorectum cancer, and218

cervix cancer. Breast cancer is observed almost exclusively among females, with219

only two male records in CoD and eight in LD. Finally, Tab. 4 reorganizes these220

results by focusing on the distribution of LD–to-CoD pairs among inconsistent221

deaths, stratified by sex, rather than considering LD and CoD separately. These222
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patterns suggest that the inconsistencies tend to emerge in specific directed LD-223

to-CoD pairs, indicating a non-random misclassification across CoD categories.224

We show the combined, male and female INs in Fig. 1. A core subnetwork225

was highlighted composed of the anatomical sites that cumulatively account for226

50% of all inconsistent deaths, N inc. In Fig. 1A, Lung, Breast, and Stomach ac-227

count for the largest numbers of deaths for both sexes. We identify three promi-228

nent edges: Cervix-to-Uterus, Breast-to-Lung, and Stomach-to-Esophagus. In229

Fig. 1B, the largest nodes correspond to Stomach, Lung, and Prostate, indicat-230

ing that these broad organ classes account for the highest numbers of deaths.231

The adjustment factors αi reveal that mortality rates µi for esophageal cancer232

should be reduced (αi < 1), whereas µi for stomach cancer should be increased233

(αi > 1). The most heavily weighted (thickest) edge in the male network con-234

nects stomach cancer to esophageal cancer, indicating that indeed a substan-235

tial number of deaths with stomach cancer in LD were officially recorded as236

esophageal cancer in CoD. In Fig. 1C, the largest nodes are breast, lung, and237

cervix cancers. In this case, lung cancer presents αi < 1, indicating that its238

mortality rate µi should be reduced, while breast cancer presents αi > 1, in-239

dicating that its µi should be increased. Excluding the Cervix-to-Uterus edge,240

the most heavily weighted edge is Breast-to-Lung, indicating that inconsisten-241

cies involving breast cancer are the main driver of the reduction in the µeff
i for242

lung cancer among females.243

From the Mortality Dataset described in Methods, Fig. 2 shows the time244

series of mortality rates µi for selected cancers in Brazil and Ceará, along with245

the corresponding effective mortality rates µeff
i for Ceará. In Figs. 2A and 2B,246

we show that µeff
i for stomach cancer is consistently higher than the correspond-247

ing µi in Ceará, whereas for esophageal cancer it is systematically lower. This248

adjustment amplifies the contrast between the state and national patterns, rein-249

forcing the divergence between Ceará and Brazil for these male cancers over the250

studied period. For females (Figs. 2C and 2D), µeff
i for breast cancer is higher251

than the reported µi in Ceará, while for lung cancer it is lower. In this case, the252

adjustment leads to a closer alignment between Ceará and Brazil, particularly253

by reducing the gap in lung cancer mortality and increasing the comparability254

of breast cancer trends with national levels.255

Figure 3 relates the inconsistency probability P inc
ij (the probability that a256

death from cancer site i is misclassified as site j) to the metastasis probability257

Pmet
ij (the probability of metastasis from primary cancer site i to metastatic258

site j) on a logarithmic scale (see details about their calculation in the SM).259

Each point represents a cancer site pair, with filled blue circles highlighting260

those belonging to the core subnetwork and empty circles representing all other261

pairs. Among the notable pairs from the core subnetwork, the Breast-to-Lung262

pair stands out by exhibiting a high value for P inc
ij and an even higher value263

for Pmet
ij , suggesting that such inconsistencies may be indeed associated with264

unreported metastatic deaths.265

Finally, we show the Wilson score confidence intervals CIWS (see SM) for the266

previous highlighted pairs in Fig. 4. For each pair, P inc
ij (green markers) and267

Pmet
ij (orange markers) are displayed together with their corresponding two-268
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sided horizontal error bars. These intervals allow a direct assessment of both269

magnitude and statistical uncertainty. Consistent with the pattern observed270

in Fig. 3, the Breast-to-Lung pair exhibits high values for both probabilities271

along with narrow values of CIWS, indicating high precision in our estimation.272

Together, these values suggest that a substantial fraction of deaths recorded as273

lung cancer in CoD but preceded by breast cancer in LD may correspond to274

metastatic progression rather than true misclassification.275

Discussion276

This retrospective, population-based observational study of cancer-related277

mortality in Ceará, Brazil, found that about 22% of 11,226 histologically con-278

firmed cancer deaths were inconsistent: the recorded CoD did not match any279

cancer diagnosis in the patient’s history. The IN analysis showed directional280

over-attribution to lung cancer, particularly among women, and to esophageal281

cancer among men. After redistribution, effective mortality rates decreased282

for female lung cancer and male esophageal cancer, but increased for female283

breast cancer and male stomach cancer. Stomach cancer had adjustment fac-284

tors above unity, indicating systematic under-recording. The Breast-to-Lung285

pair showed high inconsistency and metastasis probabilities with narrow Wil-286

son confidence intervals, suggesting that many deaths recorded as lung cancer287

in women with prior breast cancer may represent unreported metastatic pro-288

gression rather than primary lung malignancy. Thus, cancer CoD misclassi-289

fication appears not merely random, but structured and directional. Where290

mortality rankings guide cancer-control priorities, such errors may overstate291

deaths assigned to terminal metastatic sites, particularly lung, while understat-292

ing the primary tumours that initiated fatal trajectories, notably breast cancer293

in women and stomach cancer in men.294

These findings align with evidence that routine CoD certification is system-295

atically error-prone. In São Paulo, a validation study of 2,060 decedents found296

that physician-certified VA varied by cause when compared with conventional297

autopsy: population-level CSMF accuracy was 0·81, but chance-corrected ac-298

curacy was only 0·49.1 Our study extends this evidence to Northeast Brazil,299

where socioeconomic vulnerability and lower diagnostic intensity may amplify300

misclassification embedded in clinical histories and death certificates. A sys-301

tematic review found only two validation studies using full autopsy as the gold302

standard, with opposite conclusions.3 In sub-Saharan Africa, Interpreting VA303

(InterVA) showed only 22% positive predictive value against complete autopsy,304

and 5·3% for communicable diseases, confirming poor individual-level reliability305

even when population-level CSMFs appear acceptable.4 The IN approach com-306

plements these studies by making misclassification direction explicit and linking307

it to biologically plausible metastatic pathways.308

The over-recording of lung cancer in Ceará, especially the Breast-to-Lung309

edge among women, matters globally. Global Burden of Disease data showed310

that lung cancer deaths increased by 91·8% from 1990–2019, largely because of311
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ageing and population growth, while age-standardised mortality declined non-312

significantly. Mortality sources include vital registration, verbal autopsy, and313

registries, each with ascertainment bias.5 Rising recorded lung cancer mortality314

may therefore combine true epidemiological change with ascertainment artefact.315

Other high-weight edges clarify the network’s clinical meaning. The Cervix-316

to-Uterus pair, the most frequent inconsistent LD-to-CoD pair, likely reflects317

anatomical contiguity, coding granularity, or direct extension rather than dis-318

tant metastasis.15,16 By contrast, the Stomach-to-Esophagus edge, especially319

among men, reflects classification challenges across the anatomically continuous320

stomach, cardia, distal esophagus, and esophagogastric junction. The decrease321

in effective esophageal cancer mortality and increase in effective stomach can-322

cer mortality suggest that upper gastrointestinal rankings are sensitive to site-323

attribution errors, a global concern because stomach cancer remains a leading324

cancer killer and esophageal cancer has strong geographic heterogeneity.17325

The IN framework helps disentangle these effects. After redistributing deaths326

misclassified from breast to lung cancer, the female gap between Ceará and na-327

tional lung cancer trends narrows, whereas the breast cancer gap widens, sug-328

gesting that part of the apparent lung burden reflects unrecognised metastatic329

breast cancer. This is biologically coherent because breast cancer commonly330

metastasises to lung, and the autopsy dataset from five studies showed high331

Breast-to-Lung metastasis probability. The estimators proposed by Shen and332

colleagues,2 which combine large misclassified databases with smaller valida-333

tion samples subject to selection bias, support this hybrid design. Brazilian334

surveillance studies reinforce linked data: Galvão and colleagues18 described335

challenges integrating population-based registries, hospital registries, and SIM336

in Mato Grosso, while Soares and colleagues19 showed that leukaemia and lym-337

phoma mortality trends differed depending on state versus national data.338

The implications extend beyond Ceará because international mortality com-339

parisons depend on accurate primary-site attribution. GLOBOCAN 2022 esti-340

mated about 20 million new cancer cases and 9·7 million cancer deaths world-341

wide, with lung, colorectal, liver, breast, and stomach cancers among the lead-342

ing causes of cancer mortality.20 Even modest directional misclassification be-343

tween primary and terminal sites can alter rankings. This is not confined to344

LMICs: in Belgium, discordance between death certificates and medical files345

among breast cancer patients showed that breast cancer deaths may be missed346

when metastatic sites, or immediate causes, are recorded instead of the underly-347

ing primary malignancy.21 The Breast-to-Lung pattern is globally relevant: lung348

cancer is the leading cause of cancer mortality worldwide, while breast cancer349

may be underestimated when pulmonary metastases are certified as primary350

lung cancer. The IN framework should therefore be viewed as a transferable351

surveillance method for detecting site-specific distortions in cancer mortality352

data.353

Implications for Public Health and Policy354

Policy implications are substantial and direct. If metastatic breast cancer355

deaths are assigned to lung cancer, unadjusted SIM data may overestimate pri-356
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mary lung cancer and misallocate resources toward lung cancer screening, early357

detection, and treatment, at the expense of breast cancer control. These re-358

sults do not reduce the importance of tobacco control or lung cancer services.359

Rather, they show that uncorrected rankings may miscalibrate primary-site pri-360

orities. Access to diagnosis and treatment strongly affects survival: in Goiânia,361

five-year survival for metastatic breast cancer was 6·9% in the public system362

versus 22·4% in the private sector.22 If Ceará’s true breast cancer burden is363

higher than recorded, expanding public diagnosis and treatment is more urgent.364

Likewise, under-recorded stomach cancer may lead to insufficient investment365

in Helicobacter pylori eradication, endoscopic surveillance, and gastric surgery.366

Regional SIM quality is uneven, with the Northeast historically showing higher367

ill-defined CoD proportions,1 and this study shows that such unevenness pro-368

duces directional cancer-type misclassification.369

Misclassification also affects evaluation of cancer-control programmes. In-370

flated lung cancer mortality may distort tobacco-control assessments, whereas371

under-recorded stomach cancer may mask gastric cancer trends. Similar cor-372

rection needs exist elsewhere. The American Cancer Society adjusted mortality373

rates for American Indian/Alaska Native populations because racial misclas-374

sification on death certificates underestimated the true burden.23 Linked reg-375

istry–mortality analyses are therefore essential for planning,18 and the IN frame-376

work offers a concrete method for implementing them. A Belém cervical-cancer377

registry study found decreasing age-adjusted incidence from 1998–2017 but sta-378

ble mortality, a pattern that could reflect true stability or misclassification. The379

IN framework could help resolve such ambiguities.24380

Strengths and Limitations381

Strengths include the large population-representative dataset, linkage to382

SIM and RCBP, histologically confirmed diagnoses, transparent IN modelling,383

autopsy-derived metastasis probabilities, and Wilson confidence intervals for384

uncertainty. Limitations include non-contemporary metastasis estimates, ab-385

sence of information on stage, treatment, and diagnosis-to-death interval as well386

as selection bias from histological confirmation, limited generalisability beyond387

Ceará, and heterogeneity in the autopsy data.388

Recommendations for Action389

Recommended actions include systematic state-level linkage of SIM, RCBP,390

and hospital cancer registries using IN analysis to monitor directional misclassifi-391

cation, consistent with calls to reduce incompleteness and improve cause-specific392

mortality data.18,23,25 Brazilian National Cancer Institute (Instituto Nacional393

de Câncer [INCA]) should consider sentinel autopsy or MITS in representative394

cancer deaths; PMCT plus targeted sampling improves agreement with autopsy-395

determined CoD, and MITS is scalable and cost-effective.6–8 Death-certificate396

training should emphasize the distinction between primary site, metastatic site,397

direct extension, and terminal events, including Breast-to-Lung, Stomach-to-398

Esophagus, and Cervix-to-Uterus scenarios. Finally, cancer-control evaluations399
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should incorporate linked registry–mortality analyses and, where feasible, sen-400

tinel autopsy or MITS to generate corrected mortality estimates that are com-401

parable across regions and over time.402
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ℓ N Ncon N inc Ncon
male Ncon

female N inc
male N inc

female

1 8936 6827 2109 3384 3443 1035 1074
2 1657 1367 290 713 654 160 130
3 450 377 73 204 173 44 29
4 130 109 21 49 60 16 5
5 36 30 6 18 12 4 2
6 11 9 2 5 4 2 0
7 4 4 0 3 1 0 0
8 1 0 1 0 0 1 0
9 1 1 0 0 1 0 0

Total 11226 8724 2502 4376 4348 1262 1240

Table 1: Overview of diagnostic history lengths ℓ in the Registry Dataset. For each ℓ, the
table shows the total number of deaths N , the total number of consistent deaths Ncon —
when at least one diagnosis matches the Cause of Death (CoD) – and the total number of
inconsistent deaths N inc — when none do. Ncon and N inc are further stratified by sex: Ncon

male,
Ncon

female, N
inc
male, and N inc

female. Overall, we found that approximately 22% of the deaths have
no diagnoses that match the recorded CoD, with an almost equal distribution between males
and females.
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Cause of Death (CoD) N inc N inc
male N inc

female

Lung 344 167 177
Gast. Tract 188 93 95
Stomach 180 108 72
Esophagus 165 129 36
Uterus 158 0 158
Liver 152 71 81
URT 122 106 16
Pancreas 102 50 52
Head & Neck 101 75 26
Lymphoma 96 48 48
Colorectum 89 42 47
Cervix 78 0 78
Prostate 78 78 0
Peritoneum 74 33 41
Bone 68 36 32
Brain 67 25 42
Biliary Tract 66 28 38
Breast 62 2 60
Ovary 52 0 52
Soft Tissue 40 25 15
CNS 36 17 19
Skin 33 21 12
Oral 25 20 5
Leukemia 25 17 8
Kidney 24 20 4
Bladder 23 16 7
Mediastinum 18 8 10
Other/Unknown 10 8 2
Other Genital 7 1 6
Salivary Gland 7 6 1
Urinary Tract 6 6 0
Testis 5 5 0
Pleura 1 1 0

Total 2502 1262 1240

Table 2: Cause of Death (CoD) in the Registry Dataset. The table shows the total number
of inconsistent deaths N inc, the total number of inconsistent deaths for male N inc

male, and the
total number of inconsistent deaths for female N inc

female for all CoD, aggregated into broad
organ classes and listed in descending order of N inc. Abbreviations used include Gast. Tract
(Gastrointestinal Tract), URT (Upper Respiratory Tract), and CNS (Central Nervous Sys-
tem).
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Last Diagnosis (LD) N inc N inc
male N inc

female

Skin 351 205 146
Stomach 287 191 96
Colorectum 234 113 121
Cervix 189 0 189
Oral 161 132 29
Breast 147 8 139
Lung 106 52 54
Prostate 92 92 0
Head & Neck 85 71 14
Esophagus 73 48 25
Liver 71 36 35
Mediastinum 71 31 40
Bladder 64 56 8
Ovary 62 0 62
Soft Tissue 60 24 36
URT 59 52 7
Biliary Tract 59 26 33
Gast. Tract 57 26 31
Uterus 52 0 52
Peritoneum 48 18 30
Brain 45 23 22
Other Genital 36 7 29
Pancreas 27 14 13
Bone 22 11 11
Kidney 22 12 10
Salivary Gland 18 11 7
CNS 2 1 1
Testis 2 2 0

Total 2502 1262 1240

Table 3: Last Diagnosis (LD) in the Registry Dataset. The table shows the total number of
inconsistent deaths N inc, the total number of inconsistent deaths for male N inc

male, and the to-
tal number of inconsistent deaths for female N inc

female for all LDs, aggregated into broad organ
classes and listed in descending order of N inc. Abbreviations used include Gast. Tract (Gas-
trointestinal Tract), URT (Upper Respiratory Tract), and CNS (Central Nervous System).

18

This preprint research paper has not been peer reviewed. Electronic copy available at: https://ssrn.com/abstract=6958204

Pr
ep

rin
t n

ot
 p

ee
r r

ev
ie

wed



Last Diagnosis (LD) Cause of Death (CoD) N inc N inc
male N inc

female

Cervix Uterus 115 0 115
Stomach Esophagus 99 72 27
Colorectum Gast. Tract 87 37 50
Skin Lung 66 38 28
Stomach Gast. Tract 58 34 24
Oral Head & Neck 56 44 12
Breast Lung 52 2 50
Oral URT 46 42 4
Head & Neck URT 46 38 8
Colorectum Stomach 42 21 21
Esophagus Stomach 40 25 15
Mediastinum Lung 39 21 18
Stomach Liver 30 24 6
Brain CNS 26 12 14
Liver Biliary Tract 26 11 15
Skin Lymphoma 26 18 8
Oral Lung 24 18 6
Bladder Prostate 24 24 0
Biliary Tract Liver 24 11 13
Skin Stomach 23 16 7
URT Head & Neck 23 19 4
Skin Prostate 22 22 0
Colorectum Lung 21 9 12
Colorectum Liver 21 10 11
Ovary Cervix 20 0 20

Total 1056 568 488

Table 4: Top 25 Last Diagnosis-to-Cause of Death (LD-to-CoD) pairs in the inconsistent
deaths. The table shows the total number of inconsistent deaths N inc, the total number of
inconsistent deaths for male N inc

male, and the total number of inconsistent deaths for female
N inc

female for the most frequent LD-to-CoD pairs, aggregated into broad organ classes and listed
in descending order of N inc. Abbreviations used include Gast. Tract (Gastrointestinal Tract),
URT (Upper Respiratory Tract), and CNS (Central Nervous System).
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Figure 1: Combined, Male and Female Inconsistency Networks (INs). The networks summa-
rize discordances between the anatomical site associated with the Last Diagnosis (LD) of a
malignant primary tumor and the anatomical site recorded as the Cause of Death (CoD) in
the Registry Dataset. Each node represents an anatomical site associated with a malignant
neoplasm, identified through broad organ classes. Node size is proportional to the number
of deaths assigned to the corresponding broad organ class as CoD. Node color represents the
adjustment factor αi, which quantifies the correction required to adjust mortality rates based
on CoD using information from the IN. A directed edge from node i to node j indicates that
the LD site was i whereas the CoD site was j, with i ̸= j; thus, edges represent only incon-
sistent site assignments. Edge width is proportional to the edge weight wij , defined as the
number of deaths for which the LD corresponds to site i and the CoD to site j. Nodes with a
green border and their connecting green edges highlight a core subnetwork, representing the
anatomical sites that cumulatively account for 50% of the total number of inconsistent deaths
N inc. (A) Combined IN for both sexes, in which Lung, Breast, and Stomach account for the
largest numbers of deaths. We highlight three edges: Cervix-to-Uterus, Breast-to-Lung, and
Stomach-to-Esophagus. While Cervix-to-Uterus is the most heavily weighted edge and likely
reflects direct tumor invasion between adjacent organs rather than true misclassification, the
Stomach-to-Esophagus edge may reflect classification challenges within the anatomically con-
tinuous esophagogastric region. In contrast, Breast–to–Lung emerges as a prominent and clin-
ically plausible pattern of inconsistency. (B) Male IN, in which Stomach, Lung, and Prostate
account for the largest numbers of deaths. The edge with the highest number of inconsistent
deaths is Stomach-to-Esophagus. The corresponding αi values indicate that mortality rates
for Esophagus should be reduced, whereas those for Stomach should be increased. The reduc-
tion associated with Esophagus appears to be primarily driven by inconsistencies involving
Stomach. (C) Female IN, in which Breast, Lung, and Cervix account for the largest numbers
of deaths. In this case, excluding Cervix-to-Uterus, the highest-weight edge is Breast-to-Lung.
The αi values indicate that the mortality rate for Lung should be reduced, whereas that for
Breast should be increased. Notably, the reduction in Lung is largely driven by inconsisten-
cies involving Breast. Abbreviations used include Gast. Tract (Gastrointestinal Tract), URT
(Upper Respiratory Tract), and CNS (Central Nervous System)
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Figure 2: Time series of mortality rates (per 100,000 inhabitants) for selected cancers in Brazil
and Ceará from 2009 to 2023. (A) Male mortality rates for stomach. (B) Male mortality rates
for esophagus. (C) Female mortality rates for breast. (D) Female mortality rates for lung. The
blue solid lines represent the mortality rates µi for Brazil, the orange solid lines represent the
mortality rates µi for Ceará, and the orange dotted lines represent the effective mortality rates
µeff
i for Ceará. We identified two key findings. For males, µeff

i for stomach and esophagus are
higher and lower, respectively, than the corresponding µi in Ceará, indicating a strengthening
of the pattern observed between Ceará and Brazil. For females, µeff

i for breast and lung
are higher and lower, respectively, than the corresponding µi in Ceará, indicating a closer
alignment with national patterns.
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Figure 3: Scatter plot relating the inconsistency probability P inc
ij to the metastasis probability

Pmet
ij . The plot shows the cancer site pairs in logarithmic scale. For each pair, P inc

ij measures
the probability that a cancer type in the Last Diagnosis (LD) is confused with another cancer
type in the recorded Cause of Death (CoD), while Pmet

ij measures the probability that a pri-
mary cancer type spreads to a metastatic site. Blue filled circles highlight pairs that belong
to the core subnetwork, whereas empty circles represent all other edges. The dashed diagonal
represents the equality line. Annotated arrows indicate notable pairs from the subnetwork.
Among them, the Breast-to-Lung pair stands out by exhibiting high values for both probabil-
ities, P inc

ij and Pmet
ij , suggesting that such inconsistencies may be associated with unreported

metastatic deaths.
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Figure 4: Inconsistency and metastatic probabilities for selected pairs of anatomical sites and
theirs corresponding Wilson score Confidence Intervals, CIWS. For each pair, the inconsistency
probability P inc

ij and the metastasis probability Pmet
ij are shown as green and orange markers,

respectively. The horizontal error bars represent the corresponding two-sided CIWS. Notably,
breast-to-lung pair exhibits high values for both probabilities along with narrow values of
CIWS, which may suggest that these inconsistencies are associated with unreported metastatic
deaths.
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