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Abstract

Aims The goal of this study was to analyze cancer risk in stroke survivors followed for up to 10 years in general practices
in Germany.

Methods The current study sample included patients who received an initial stroke diagnosis in one of 1262 general practices
in Germany between 2006 and 2015 (index date). Patients without stroke were matched (1:1) to patients with stroke by age,
gender, index year, and 16 comorbidities diagnosed in the 12 months prior to the index date using a propensity score method.
The main outcome of the study was the risk of cancer as a function of stroke within 10 years of the index date.

Results The stroke and non-stroke groups included 9579 men and 9089 women. After 10 years of follow-up, 29.3% of men
with stroke and 23.8% of those without stroke developed any of the included types of cancer (log-rank p value <0.001).
During the same time, the prevalence of cancer was 25.0% in women with stroke and 20.5% in women without stroke (log-
rank p value <0.001). There was a positive association between stroke and any cancer in men (hazard ratio [HR]=1.18,
95% confidence interval [CI] 1.09-1.28) and in women (HR =1.22, 95% CI 1.12-1.34). This association was significant for
cancers of respiratory and intrathoracic organs in men and women and for cancers of digestive organs in men.

Conclusions This study, including more than 37,000 patients from Germany, found that stroke was associated with an

increased cancer risk.
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Introduction

In 2018, cancer was the second most common cause of death
worldwide, and around 9.6 million people died because
of cancer during this year (World Health Organization
2018). Cancer also has a major impact on patients’ qual-
ity of life (Medeiros et al. 2015), psychological well-being
(Andrykowski et al. 2008), and physical comorbidities (Mao
et al. 2007). In addition, this condition is associated with
decreased ability to work (Munir et al. 2009) and substantial
healthcare costs (Yabroff et al. 2011). Therefore, identifying
additional risk factors for cancer is important, as it may be
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helpful in the development of new and effective preventive
strategies.

Several studies have focused on the relationship between
stroke and cancer in recent decades (Dearborn et al. 2014).
For example, a nationwide follow-up study, including par-
ticipants with and without cancer from Sweden, estimated
that there was an increase in the risk of hemorrhagic and
ischemic stroke within the first 6 months following a can-
cer diagnosis (Zoller et al. 2012). Interestingly, this risk
decreased over time but remained significant even 10 years
after the initial diagnosis of cancer. The association between
cancer and stroke is likely mediated by hypercoagulability,
venous-to-arterial embolism, nonbacterial thrombotic endo-
carditis, and direct tumor effects (Dearborn et al. 2014). By
contrast, few authors have analyzed the rate of cancer in
stroke survivors (Cocho et al. 2015; Qureshi et al. 2015;
Selvik et al. 2015; Chen et al. 2017; Quintas et al. 2018).
These previous works are subjected to several limitations
[i.e., cross-sectional design (Cocho et al. 2015), non-inclu-
sion of hemorrhagic stroke (Qureshi et al. 2015; Selvik et al.
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2015), time-related bias (Chen et al. 2017), and insufficient
follow-up (Qureshi et al. 2015; Quintas et al. 2018)], and it
is unclear whether stroke is a long-term risk factor for cancer
or only an early manifestation of the neoplastic disease.

Therefore, the goal of this study was to analyze cancer
risk in stroke survivors followed for up to 10 years in general
practices in Germany.

Methods
Database

This study is based on data from the Disease Analyzer data-
base (IQVIA), which compiles drug prescriptions, diagno-
ses, basic medical and demographic data obtained directly
and in anonymous format from computer systems used in the
practices of general practitioners and specialists (Rathmann
et al. 2018). Diagnoses (International Classification of Dis-
eases, 10th revision [ICD-10]), prescriptions (Anatomical
Therapeutic Chemical [ATC] Classification system), and
the quality of reported data are being monitored by IQVIA
based on a number of criteria (e.g., completeness of docu-
mentation, linkage between diagnoses and prescriptions).

In Germany, the sampling methods used for the selec-
tion of physicians’ practices were appropriate for obtaining a
representative database of general and specialized practices
(Rathmann et al. 2018). Prescription statistics for several
drugs were very similar to the data available from pharma-
ceutical prescription reports. The age groups for given diag-
noses in the Disease Analyzer database also corresponded to
those in the relevant disease registries. Finally, this database
has already been used in studies focusing on stroke (Jacob
and Kostev 2017; Wiefarn et al. 2017) and cancer (Kostev
et al. 2017, 2018).

Study population and variables

The current study sample included patients who received
an initial stroke diagnosis (International Classification of
Diseases, 10th edition [ICD-10]: 163, 164) at one of 1262
general practices in Germany between 2006 and 2015
(index date). Other types of nontraumatic hemorrhage in
the brain (ICD-10: 160-162), as hemorrhagic stroke is some-
times classified, were not included in this study. To guar-
antee the accuracy of the estimation of cancer incidence,
the inclusion criteria were as follows: follow-up time of
at least 12 months prior to the index date; follow-up time
of at least 12 months after the index date; no diagnosis of
cancer (C00-C99), in situ neoplasms (D00-D09), or neo-
plasms of uncertain or unknown behavior (D37-D48) prior
to the index date; and age > 18 years at the index date. After
applying similar inclusion criteria, patients without stroke
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were matched (1:1) to patients with stroke, based on pro-
pensity scores using a greedy algorithm and derived from
the logistic regression using age, gender, index year, and
16 comorbidities diagnosed in the 12 months prior to the
index date. This regression did not include the identifica-
tion number of general practices. The exact 16 comorbidities
were certain infectious and parasitic diseases (A00-B99),
benign neoplasms (D10-D36), diseases of the blood and
blood-forming organs, and certain disorders involving the
immune mechanism (D50-D89), endocrine, nutritional, and
metabolic diseases (E00—E90), mental and behavioral disor-
ders (FOO-F99), diseases of the nervous system (GO0-G99),
diseases of the eye and adnexa (HO0-H59), diseases of the
ear and mastoid process (H60-H95), diseases of the circula-
tory system (I00-199) excluding stroke (163, 164), diseases
of the respiratory system (JO0-J99), diseases of the digestive
system (K00-K93), diseases of the skin and subcutaneous
tissue (LO0-L99), diseases of the musculoskeletal system
and connective tissue (M00-M99), diseases of the genitou-
rinary system (NOO-N99), congenital malformations, defor-
mations, and chromosomal abnormalities (Q00-Q99), and
injury, poisoning, and certain other consequences of external
causes (S00-T98). The index date for participants without
stroke was a randomly selected visit date between 2006 and
2015. A total of 18,668 patients with and 18,668 patients
without stroke were included (Fig. 1).

Study outcome

The main outcome of the study was the risk of cancer
(C00-C97) as a function of stroke within 10 years of the
index date. The analyses included 13 cancers: cancer of lip,
oral cavity, and pharynx (C00-C14), cancer of digestive
organs (C15-C26), cancer of respiratory and intrathoracic
organs (C30-C39), cancer of bone and articular cartilage
(C40-C41), cancer of skin (C43—-C44), cancer of mesothelial
and soft tissue (C45-C49), cancer of breast (C50), cancer
of female genital organs (C51-C58), cancer of male genital
organs (C60-C63), cancer of urinary tract (C64—C68), can-
cer of eye, brain, and other parts of central nervous system
(C69-C72), cancer of thyroid and other endocrine glands
(C73-C75), and cancer of lymphoid, hematopoietic, and
related tissue (C81-C96).

Statistical analyses

Descriptive analyses were obtained for all demographic and
clinical variables, and mean + SD were calculated for age.
The cumulative incidence of any cancer in the stroke and
non-stroke groups was calculated for up to 10 years after the
index date using Kaplan—Meier curves in men and women
separately. Patients were censored at the time of first can-
cer diagnosis or lost to follow-up, whichever occurred first.
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Fig. 1 Selection of study
patients
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164) (index date)
n=66,459

Randomly selected visit date between
2006 and 2015 (index date)
n=7,540,509

¥

v

Patients with a follow-up time of at
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Patients with a follow-up time of at
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¥
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Patients with a follow-up time of at
least 12 months after index date
n=33,076

Patients with a follow-up time of at
least 12 months after index date
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No diagnosis of cancer (ICD-10: C00-
C99), in situ neoplasms (D00-D09)
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C99), in situ neoplasms (D00-D09)
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probability of having a stroke as a function of age, gender, the index year, and 16
co-morbidities

v ¥
"Stroke" cohort "No stroke" cohort
n=18,668 n=18,668

As there was no information on death, dead patients were Results
considered as lost to follow-up in this study. Univariate Cox

regression models were used to investigate the association
between stroke and cancer in men and women. A p value of
<0.05 was considered statistically significant. The analyses
were carried out using SAS 9.4.

The stroke and non-stroke groups included 9579 men and
9089 women (Table 1). The mean age was 66.9 (SD=11.9)
years in men and 71.4 (SD=13.0) years in women. After

10 years of follow-up, 29.3% of men with stroke and 23.8%
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Table 1 Baseline characteristics of study patients after (1:1) matching by age, gender, index year, and 16 comorbidities diagnosed in the

12 months prior to the index date using a propensity score method

Variable Men Women
Proportion in Proportion in non- Proportion in Proportion in non-
stroke patients  stroke patients (%) stroke patients  stroke patients (%)
(%) (%)
N 9579 9579 9089 9089
Age (mean, SD) 66.9 (11.9) 66.9 (11.9) 71.4 (13.0) 71.4 (13.0)
Age<50 9.7 9.7 8.2 8.2
Age 51-60 19.2 19.2 11.2 11.2
Age 61-70 27.1 27.1 18.2 18.2
Age 71-80 335 335 36.7 36.7
Age>80 10.5 10.5 25.7 25.7
Diagnoses in the 12 months prior to the index date (%)
Certain infectious and parasitic diseases (A00-B99) 9.0 9.0 10.1 10.1
Benign neoplasms (D10-D36) 0.5 0.5 0.7 0.7
Diseases of the blood and blood-forming organs and certain disor- 1.6 1.6 2.8 2.8
ders involving the immune mechanism (D50-D89)
Endocrine, nutritional and metabolic diseases (EO0-E90) 54.1 54.1 56.4 56.4
Mental and behavioral disorders (FO0-F99) 16.0 16.0 24.3 24.3
Diseases of the nervous system (GO0—G99) 19.3 19.3 24.1 24.1
Diseases of the eye and adnexa (HO0-H59) 4.4 4.4 6.5 6.5
Diseases of the ear and mastoid process (H60-H95) 2.6 2.6 2.9 2.9
Diseases of the circulatory system (100-199) excluding stroke 72.2 72.2 72.4 72.4
163, 164)
Diseases of the respiratory system (JO0-J99) 29.2 29.2 28.5 28.5
Diseases of the digestive system (K00-K93) 244 24.4 28.2 28.2
Diseases of the skin and subcutaneous tissue (LO0-L99) 8.8 8.8 10.8 10.8
Diseases of the musculoskeletal system and connective tissue 40.1 40.1 48.7 48.7
(MO00-M99)
Diseases of the genitourinary system (NOO-N99) 12.2 12.2 15.2 15.2
Congenital malformations, deformations, and chromosomal 1.0 1.0 1.1 1.1
abnormalities (Q00-Q99)
Injury, poisoning, and certain other consequences of external 11.6 11.6 15.8 15.8

causes (S00-T98)

of men without stroke developed any of the included types
of cancer (log-rank p value <0.001; Fig. 2). In women, the
prevalence of cancer was 25.0% in women with stroke and
20.5% in women without stroke (log-rank p value <0.001;
Fig. 3). The difference in the prevalence of cancer in stroke
survivors and controls was not significant after 1 year of
follow-up in men (3.1% versus 2.6%; p value =0.273) and
in women (2.6% versus 2.1%; p value =0.092). The results
of the Cox regression models are displayed in Table 2. There
was a positive association between stroke and any cancer in
both men (hazard ratio [HR]=1.18, 95% confidence interval
[CI] 1.09-1.28) and women (HR=1.22, 95% CI 1.12-1.34).
This association was significant for two cancers in men
(cancer of digestive organs: HR=1.44, 95% CI 1.18-1.76;
cancer of respiratory and intrathoracic organs: HR =1.36,
95% CI 1.03—1.81) and for one cancer in women (cancer
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of respiratory and intrathoracic organs: HR =2.95, 95% CI
1.75-4.95).

Discussion

This is one of the first observational studies investigating the
long-term risk of cancer in stroke survivors. In this retro-
spective analysis including over 37,000 patients followed for
up to 10 years in general practices in Germany, we observed
that men and women with a history of stroke were at a higher
risk for cancer compared to those without a history of stroke.
This association was significant for cancers of the respira-
tory and intrathoracic organs in men and women, and for
cancers of the digestive organs in men.
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In recent years, several studies have focused on the prev-
alence of cancer in stroke survivors. Cocho et al. (2015)
reported in 631 participants with acute ischemic stroke that
2.1% of the sample had occult malignancy. That same year,
in an analysis of 3680 adults with non-disabling cerebral
infarction, the age-adjusted annual rate of cancer was found
to be higher in individuals with ischemic stroke than in the
general population after one (standardized incidence ratio
[SIR]=1.2) and two years (SIR =1.4) of follow-up (Qureshi
et al. 2015). In 2018, Quintas and colleagues showed, in
381 ischemic stroke patients followed for 18 months, that
approximately 7.6% of the sample developed cancer (Quin-
tas et al. 2018). The authors further estimated that there was
an average of 6 months between stroke onset and cancer
diagnosis. The most frequent locations of the cancer were
the colon (24.1%), lung (13.8%), and prostate (13.8%).
Although the Qureshi and Quintas studies have shed some
light on the stroke—cancer relationship, patients were fol-
lowed for only a short period [i.e., 24 months (Qureshi et al.

2015) and 18 months (Quintas et al. 2018), respectively],
and it is thus possible that cancer preceded the onset of
stroke and that the stroke was favored by the hypercoagula-
ble state of malignancy (Caine et al. 2002).

To the best of our knowledge, only two studies have ana-
lyzed the long-term risk of cancer in patients with a history
of stroke. In 2015, researchers from Norway estimated, in
1282 ischemic stroke patients with no history of cancer, that
neoplastic conditions were diagnosed in 4.3% of them after
stroke (Selvik et al. 2015). Furthermore, the median time
between the onset of stroke and the diagnosis of cancer was
around 14 months, and almost 42% of patients were diag-
nosed with cancer in the year following stroke onset. The
three most common cancer types were lung cancer (19.0%),
prostate cancer (15.9%), and colorectal cancer (11.1%).
Again, based on the short median time between stroke onset
and cancer diagnosis, one cannot exclude the possibility that
cancer was already present at the time of the stroke diagno-
sis. Another limitation of this study is that the analyses were
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Table 2 Association between stroke and the risk of cancer in patients followed for up to 10 years

Cancer diag- Men Women
nosts Proportions of ~ Proportions of ~ HR (95% CI) p value Proportions of  Proportions of  HR (95% CI) p value
cancer in stroke cancer in non- cancer in stroke cancer in non-
patients (%) stroke patients patients (%) stroke patients
(%) (%)
All cancers 29.3 23.8 1.18 (1.09- <0.001 25.0 20.5 1.22 (1.12- <0.001
(C00-C97) 1.28) 1.34)
Lip, oral cavity, 0.7 0.3 1.76 (0.96— 0.069 0.24 0.21 1.38 (0.61- 0.422
and pharynx 3.25) 3.10)
(C00-C14)
Digestive organs 5.4 34 1.44 (1.18- <0.001 3.3 3.0 1.11 (0.87- 0.392
(C15-C26) 1.76) 1.42)
Respiratory and 3.0 2.1 1.36 (1.03— 0.034 1.6 0.6 2.95 (1.75- <0.001
intrathoracic 1.81) 4.95)
organs (C30—
C39)
Bone and articu- 0.02 0.01 1.95 (0.18— 0586 0 0 N =
lar cartilage 21.48)
(C40-C41)
Skin (C43-C44) 4.8 3.7 1.22 (0.99- 0.057 54 4.5 1.07 (0.86— 0.557
1.50) 1.32)
Mesothelial and 0.16 0.12 1.22 (0.48- 0.679  0.35 0.28 1.76 (0.60- 0.311
soft tissue 3.09) 2.25)
(C45-C49)
Breast (C50) 0 0 - - 35 33 1.06 (0.84— 0.634
1.34)
Female genital 0 0 - - 4.6 4.5 1.08 (0.88- 0.457
organs (C51- 1.33)
C58)
Male genital 4.6 5.3 0.94 (0.78- 0.588 0 0 - -
organs (C60- 1.13)
C63)
Urinary tract 2.3 1.8 1.18 (0.88- 0.280 0.9 0.8 1.26 (0.80- 0.323
(C64-C68) 1.58) 1.99)
Eye, brain, and  0.52 0.14 2.35 (0.98- 0.057 0.14 0.06 2.75 (0.87- 0.084
other parts of 5.67) 8.62)
central nerv-
ous system
(C69-C72)
Thyroid and 0.04 0.21 0.65 (0.18- 0.508 0.26 0.23 1.42 (0.61- 0.412
other endo- 2.31) 3.39)
crine glands
(C73-C75)
Lymphoid, 34 2.1 1.22 (0.94- 0.141 1.9 1.7 1.10 (0.81- 0.552
hematopoietic, 1.60) 1.49)
and related
tissue (C81—
C96)

HR hazard ratio, CI confidence interval

restricted to ischemic stroke, and it is, therefore, difficult to

extrapolate these findings to hemorrhagic stroke.

More recently, in 2017, Chen et al. (2017) observed,
in more than 85,500 individuals who were followed for
over 12 years in Taiwan, that the risk of cancer was lower
in the stroke group than in the control group (HR =0.79,
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95% CI 0.74-0.84). It was hypothesized that patients are
likely to modify their lifestyle (e.g., through diet, physi-
cal exercise, changes in sleep patterns) following a stroke.
Nonetheless, when analyzing the different types of can-
cer separately, stroke was found to be a risk factor for
brain cancer (HR =3.09, 95% CI 1.80-5.30). Although
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this study is of particular interest, it has one important
limitation that should be mentioned at this point. Based
on the survival analysis, it is likely that the difference in
the cumulative incidence rate of brain cancer between
cases and controls was already significant after only a few
months of follow-up and that there was no clear increase in
this difference after the first year of follow-up (Chen et al.
2017). This severely undermines the findings and suggests
that a substantial proportion of patients with stroke already
had occult brain cancer at the index date. By contrast, the
difference in the prevalence of cancer in stroke survivors
and controls was not statistically significant after 1 year of
follow-up in the present retrospective study conducted in
Germany. Thus, it is unlikely that cancer preceded stroke
and that there was a time-related bias in our analysis.
Finally, there was a positive association between stroke
and cancers of the respiratory and intrathoracic organs in
men and women, and cancers of the digestive organs in
men. Moreover, this study found no significant associa-
tion between stroke and brain cancer. These findings may
be explained by the power of the statistical analysis. Pul-
monary and digestive cancers accounted for a substantial
share of neoplastic disorders, whereas brain cancers were
diagnosed in less than 0.5% of the population. Therefore,
further studies are needed to gain a better understanding
of the relationship between stroke and each type of cancer.

The large sample size and the long-term follow-up of
patients are two major strengths of this study. Nonetheless,
these findings should be interpreted in the light of several
limitations. First, there was no data on the patients’ smok-
ing and alcohol status, although these variables are known
to be associated with both stroke (Reynolds et al. 2003;
Shah and Cole 2010) and cancer (Boffetta and Hashibe
2006; Cornfield et al. 2009). It is possible that smoking
and alcohol use were more common in stroke patients than
in non-stroke patients and that this difference explained a
substantial share of the stroke—cancer relationship. Sec-
ond, there was a lack of information on inflammation
markers (e.g., C-reactive protein, interleukins)—a factor
that may at least partially predict the risk of cancer (Guo
et al. 2015; Kakourou et al. 2015). Third, individuals fol-
lowed in neurological practices were not included in the
present study, which may have introduced a bias in the
subsequent analyses. Fourth, a propensity score using a
greedy algorithm and based on a large number of variables
was used, and this resulted in the exclusion of approxi-
mately 30% of stroke patients. Fifth, since the regression
used for propensity scores did not include the identifica-
tion number of general practices, the distribution of these
practices could be different between cases and controls.
Finally, there was no information about patient deaths and,
since both stroke and cancer have a significant impact on
survival, this is an important limitation.

In conclusion, this study, including more than 37,000
patients from Germany, found an association between stroke
and an increased cancer risk.
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