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Impact of pre-existing cardiometabolic diseases on
metastatic cancer stage at diagnosis: a prospective

multinational cohort study

Owing to shared risk factors between cardiometabolic dis-
eases (CMDs) and cancer, coupled with population aging,
the lifetime risk of an individual developing cancer after
a CMD is increasing. Furthermore, biological mechanisms
such as insulin resistance or inflammation may not only
predispose individuals with CMD to an elevated risk of cer-
tain types of cancer but also to a diagnosis of cancer at an
advanced stage [1, 2].

Cancer stage at diagnosis strongly correlates with cancer
survival rates and impacts treatment decisions. Early can-
cer detection is key to improving cancer outcomes, espe-
cially for cancers with poor prognosis. Factors associated
with a higher risk of an advanced-stage diagnosis may dif-
fer from those associated with cancer incidence. Previous
studies support an association between advanced-stage
cancer at diagnosis and certain patient characteristics,
such as higher body mass index (BMI), older age, smok-
ing, comorbidities, and cancer type. Studies examining
the influence of comorbidities on cancer stage at diagno-
sis have suggested that a CMD requiring regular medical
follow-up is associated with earlier cancer detection [3, 4].
However, studies have also suggested that overall partic-
ipation rates in cancer screening programs may be lower
among individuals with type 2 diabetes (T2D) or cardio-
vascular diseases (CVD), which may lead to later cancer
detection and a more advanced stage at diagnosis [5].

A Dbetter understanding of how CMDs prior to cancer
are associated with stage at cancer diagnosis may inform
cancer screening recommendations. This study aimed to
investigate whether having a pre-existing CMD 1is asso-
ciated with late-stage cancer diagnosis and to identify
potential modifiers of this association in the European

List of abbreviations: BMI, body mass index; CI, confidence interval;
CMD, cardiometabolic diseases; CVD, cardiovascular diseases; EPIC,
European Prospective Investigation into Cancer and Nutrition study;
OR, odds ratio; T2D, type 2 diabetes.

Prospective Investigation into Cancer and Nutrition study
(EPIC).

This multinational prospective cohort study included
11,945 individuals diagnosed with first primary cancer
between 1992 and 2012. Of all the diagnosed cancers, 64.9%
were localized, 35.1% were metastatic, 53.6% were diag-
nosed in women, and 4.8%, a, 7.1%, and 1.3% had a history
of CVD, of T2D, and of both CVD and T2D, respectively
(Supplementary Figure S1, Supplementary Table S1). In
addition to overall cancer, breast and colorectal cancers
(38.1% of all cancers) were also investigated separately
because of the well-established population-based cancer
screening programs for these two cancers at the time of
cancer diagnosis in the countries included in this study
(i.e., Denmark, Germany, Italy, Spain, Sweden, and the
UK). Detailed methods are described in Supplementary
Materials.

We found that the adjusted odds ratios (ORs) of develop-
ing metastatic cancer (vs. localized) comparing individuals
with pre-existing CVD, T2D or both to those without a
CMD prior to cancer were 0.92 (95% confidence inter-
val [CI] = 0.65-1.01), 1.04 (95% CI = 0.83-1.18) and 1.06
(95% CI = 0.60-1.36), respectively (Figure 1). Among can-
cer patients diagnosed with cancers other than breast or
colorectum (i.e., “other cancers”), the OR for the asso-
ciation between pre-existing T2D and metastatic cancer
diagnosis was 1.12 (95% CI = 0.85-1.49), whereas no asso-
ciation was observed for pre-existing CVD (OR = 0.98; 95%
CI = 0.67-1.15). Not adjusting for cancer site led to a sub-
stantial difference in estimates for other cancers, whereby
individuals with pre-existing T2D as compared to indi-
viduals without a CMD had a higher risk of a late-stage
diagnosis (OR = 1.26; 95% CI = 1.04-1.55) (Supplemen-
tary Figure S2). Among patients with breast and colorectal
cancers, pre-existing CVD, as compared to no CMD, was
almost inversely associated with a metastatic cancer diag-
nosis (OR of metastatic cancer = 0.71; 95% CI = 0.48-1.07).
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All cancers Localized, N (%) Metastatic, N(%) OR (95% ClI)
No comorbidities 6,758 (87.2) 3,608 (86.0) Ref
CVvD 368 (4.7) 202 (4.8) 0.92 (0.65-1.01) —
T2D 522 (6.7) 326 (7.8) 1.04 (0.83-1.18) —
CVD &T2D 104 (1.3) 57 (1.4) 1.06 (0.60-1.36) ——
Breast and colorectal cancers
No comorbidities 2,622 (90.5) 1,498 (90.3) Ref
CVD 86 (3.0) 45 (2.7) 0.71 (0.48-1.07) — o
T2D 165 (5.7) 100 (6.0) 0.91 (0.69-1.20) ————
CVD &T2D 24 (0.8) 15 (0.9) 0.99 (0.48-2.10)
Breast cancer
No comorbidities 1,829 (93.1) 810 (93.3) Ref
CVvD 41(2.1) 12 (1.4) 0.71 (0.35-1.41)
T2D 91 (4.6) 41 (4.7) 0.88 (0.59-1.33) —
CVD &T2D 4(0.2) 5(0.6) 0.91 (0.68-2.52)
Colorectal cancer
No comorbidities 793 (85.1) 688 (87.1) Ref
CcVD 45 (4.8) 33 (4.2) 0.69 (0.42-1.13) _—
T2D0 74 (7.9) §9 (7.5) 0.93 (0.63-1.38) D
CVD &T2D 20 (2.1) 10 (1.3) 0.68 (0.29-1.59)
Other cancers
No comorbidities 4,136 (85.2) 2,110 (83.2) Ref
CvD 282 (5.8) 157 (6.2) 0.98 (0.67-1.15) _—
T20 357 (7.4) 226 (8.9) 1.12 (0.85-1.49) —r—
CVD &T2D 80 (1.6) 42(1.7) 1.09 (0.55-1.35) : ’—I"‘—' >
0 1 27
OR (95% Cl)
FIGURE 1 Association of pre-existing cardiometabolic comorbidities with metastatic stage at cancer diagnosis by population-based

cancer screening program availability in EPIC. Models were adjusted for country, age at cancer diagnosis, sex, physical activity, BMI, alcohol

intake, smoking status, education level, cancer site and self-reported hypertension at baseline. Model for breast cancer was only computed in

women and further adjusted for menopausal status. Other cancers include bladder, kidney, lung, pancreatic, stomach, thyroid, cervix uteri,

corpus uteri, ovarian, prostate, malignant melanoma, skin, urethral, hematologic, brain, anogenital, upper aerodigestive tract, and small

intestine cancers, and leukemia, Hodgkin lymphoma, and non-Hodgkin lymphoma. Abbreviations: EPIC, European Prospective
Investigation into Cancer and Nutrition study; OR, odds ratio; CI confidence interval; CVD cardiovascular diseases; T2D, type 2 diabetes.

Point estimates were similar for both breast and colorectal
cancer-specific analysis (Figure 1).

A few differences in associations across pre-defined
subgroups of the study population were observed. There
was suggestive evidence that associations between CMD
status and metastatic cancer diagnosis were more pro-
nounced among the younger age group (30-65 years)
compared to the older age group (> 66 years), both for
breast and colorectal cancers (P = 0.008) and other cancers
(p-interaction = 0.017). There was evidence for effect mod-
ification by smoking status for other cancers (P = 0.032).
The positive association between T2D status and diagnosis
of metastatic other cancers was stronger in never smokers
(OR: 1.60; 95% CI1.04-2.46) than in former/current smok-
ers (OR: 1.21; 95% CI 0.96-1.54) (Supplementary Table S2).
This could be explained by fewer surveillance opportuni-
ties for non-smokers compared to individuals who smoked
[6].

Our study supports prior findings as reviewed by Boakye
et al. [7], who reported that T2D was associated with a
higher risk of late-stage diagnosis of all cancers combined,
whereas myocardial infarction was inversely associated
with a late-stage diagnosis. We also found important dif-
ferences. First, the positive association between T2D and a
late-stage diagnosis was restricted to cancers not covered

by population-based screening programs. Furthermore,
the observation that this association became stronger
when not adjusting for cancer type suggests that adults
with T2D have a higher risk of cancers that are more fre-
quently diagnosed at metastatic stages. In contrast, the sug-
gestive inverse association between CVD and a late-stage
diagnosis was restricted to cancers with population-wide
screening (i.e., breast and colorectal cancers in our study).
Second, there was evidence for effect modification of these
associations by age group and smoking status.
Mechanisms by which chronic diseases might inter-
fere with a timely cancer diagnosis include competing
demands, whereby a chronic disease with high care com-
plexity may delay cancer diagnosis due to masking of
or undetected symptoms. It has also been suggested that
patients with a high frequency of visits to health services
may be reluctant to undergo additional diagnostic tests
by health professionals. Lastly, biological mechanisms
affecting cancer progression, such as hyperinsulinemia,
inflammation pathways or shared risk factors, may explain
the relation between CMDs and late-stage cancer diagnosis
[1, 8]. In contrast, mechanisms facilitating a timely cancer
diagnosis include more frequent contact with health-
care services, thereby providing surveillance opportunities
to discuss possible cancer symptoms and second, some
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treatments for chronic diseases may reduce the risk of pro-
gression to metastatic disease (e.g., aspirin and colorectal
cancer) [1, 9].

Studies investigating specific comorbidities and stage
at diagnosis are scarce for cancers other than breast and
colorectal cancers [7]. Nevertheless, patients with newly
diagnosed T2D or hyperinsulinemia have been recom-
mended for pancreatic and liver cancer screening since the
presence of pre-existing disease may mask other diseases
and thus lead to late cancer presentation [10]. Such recom-
mendations for screening are supported by our findings.
For other cancer sites, such as respiratory or hematologic
cancers, studies have not shown an impact of pre-existing
CMD on cancer stage at diagnosis [7].

Strengths of our study include the use of validated CMD
diagnoses, including data on the duration of the comor-
bidity. Furthermore, the availability of data on a wide
range of dietary and lifestyle variables enabled comprehen-
sive adjustment for confounders. Limitations of our study
include the lack of data on CVD/T2D management, lack
of repeated assessment of confounders (e.g., lifestyle fac-
tors), and the limited sample size, which did not allow
analyses for less frequent cancers (Supplementary Table
S3). Study participants were invited from the general adult
population in most study centers apart from some centers
in Italy and Spain (blood donors), Utrecht and Florence
(women invited for a local population-based breast cancer
screening program), and Oxford (half of the recruited par-
ticipants did not eat meat). Generalizing observed results
beyond our study population should therefore be done
with caution.

In this prospective multinational cohort study, can-
cer patients with pre-existing CVD, T2D or both were
overall not more likely to be diagnosed with late-stage can-
cer. Further studies are needed to confirm the suggestive
positive association between T2D vs. no CMD and late-
stage cancer among patients with cancers not included in
population-based screening.
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SUPPORTING INFORMATION

Additional supporting information can be found online
in the Supporting Information section at the end of this
article.
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