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Background: Patients newly diagnosed with cancer represent a population at highest risk for stroke. The objective of this systematic review and meta-analysis was to estimate the incidence of stroke in the first year following a new diagnosis of cancer.

Methods: We searched MEDLINE and EMBASE from January 1980 to June 2021 for observational studies that enrolled adults with a new diagnosis of all cancers excluding non-melanoma skin cancer, and that reported the incidence of stroke at 1 year. PRISMA guidelines for meta-analyses were followed. Two reviewers independently extracted data and appraised risk of bias. We used the Dersimonian and Laird random effects method to pool cumulative incidences after logit transformation, and reported pooled proportions as percentages. Statistical heterogeneity was assessed using the I2 statistic.

Results: A total of 12,083 studies were screened; 41 studies were included for analysis. Data from 2,552,121 subjects with cancer were analyzed. The cumulative incidence of total stroke at 1 year was 1.4% (95% CI 0.9–2.2%), while the pooled incidence of ischemic stroke was 1.3% (95% CI 1.0–1.8%) and 0.3% (95% CI 0.1–0.9%) for spontaneous intracerebral hemorrhage (ICH), with consistently high statistical heterogeneity (>99% I2).

Conclusion: The estimated incidence of stroke during the first year after a new diagnosis of cancer is 1.4%, with a higher risk for ischemic stroke than ICH. Cancer patients should be educated on the risk of stroke at the time of diagnosis. Future studies should evaluate optimal primary prevention strategies in this high-risk group of patients.

Systematic review registration: https://osf.io/ucwy9/.
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Introduction

Cancer is a well-known risk factor for stroke (1), and both conditions are associated with a high degree of morbidity and mortality. There appears to be an increased risk for arterial thromboembolic events in the months preceding a diagnosis of cancer (2–4). Many studies have found that the risk for stroke increases around the time of cancer diagnosis and that this elevated risk may persist for up to 10 years after diagnosis (1). While this risk attenuates over time, it is hypothesized that the first year after a new diagnosis of cancer represents the period during which cancer patients have the highest stroke risk (2). From a clinical care standpoint, identifying patients with a new diagnosis of cancer who have not yet experienced a stroke represents an opportunity to study and implement primary prevention strategies in order to maximize quality of life in cancer patients. Thus, the objective of this systematic review and meta-analysis was to examine the risk of stroke in the first year following a new diagnosis of cancer.



Methods


Data availability statement

The data underlying this article will be shared on reasonable request to the corresponding author.



Study protocol and registration

The protocol for this study was registered at the Open Science Framework (osf.io/ucwy9) and published in a peer-reviewed journal (1). This study was conducted based on the guidelines of the Cochrane Handbook of Systematic Reviews (2). It was reported using the updated guidelines for Preferred Reporting Items for Systematic Reviews (PRISMA) (3).



Inclusion criteria

Our systematic literature search was limited to studies in adults with a new diagnosis of cancer, encompassing all cancer subtypes except non-melanoma skin cancers (i.e., basal cell and squamous cell carcinoma) due to their favorable prognosis and treatment with local measures not requiring systemic therapy, resulting in inaccuracies in administrative diagnostic coding. Studies must report the incidence of ischemic stroke and/or spontaneous intracerebral hemorrhage (ICH) during the first year after cancer diagnosis. If a graphical representation of the data was provided without a corresponding numerical value, the incidence at 1 year was extracted using the Engauge Digitizer software (4, 5). As the primary objective of this systematic review was to synthesize the natural history (i.e., incidence) of stroke in the cancer population, our search was limited to only observational studies and we excluded any interventional studies, as they represent a different population—it is estimated that <5% of adult cancer patients enroll in clinical trials (6), and this population is comparatively much healthier and younger than the general cancer population (7). Further details on our inclusion/exclusion criteria can be found in our published protocol (1).



Search strategy

Our search strategy was conducted with the assistance of a health science librarian with expertise in systematic reviews (R.S.). We searched MEDLINE and EMBASE via OVID and PubMed and included all relevant studies from January 1980 to June 2021. A sample search strategy can be found in Supplementary Table 1; detailed search strategies can be found in our published protocol (1). We further searched the abstract databases from both the International Conference of Stroke and the European Stroke Organization Conference for the same time period. Our search was restricted to human adult subjects, and the language was limited to English language only.



Article and data extraction

Two reviewers (R.L. and D.C.R.) independently completed two-level screening for articles using the Covidence Systematic Review software. Any discrepancies were resolved by discussion with a third senior author (D.D.). Findings from the screening process were summarized using a flow diagram (Figure 1).
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FIGURE 1
 PRISMA flow diagram.


A standardized data extraction form was created a priori and piloted independently by the two reviewers. The data extraction form was separated into bibliographic information [i.e., study ID, authors, title, funding status, journal, country and year of publication, study type, and name of databased used (if applicable)], subject information (i.e., number of participants total, number of participants with cancer, sex, age, cancer type, stage, and prevalence of comorbidities), and outcomes (i.e., incidence of ischemic stroke and/or ICH at 1 month, 3 months, 6 months, and 1 year). Wherever information had to be extracted using the Engauge Digitizer, only information at 1 year was extracted.



Data collection process

One reviewer (R.L.) performed primary data extraction from the included studies and a second reviewer (D.C.R.) peer reviewed the extracted information. Disagreements were resolved via discussion. For studies that met inclusion criteria but did not report the specific outcome we required, the corresponding author of the study was contacted for the data a minimum of two times.



Risk of bias assessment

Risk of bias (ROB) of individual studies was assessed using the Newcastle-Ottawa Scale (NOS) for cohort studies (8). Two raters (R.L. and D.C.R.) independently implemented the tool for all included studies and any disagreements in the rating were resolved by discussion. The following thresholds for converting the NOS to the Agency for Healthcare Research and Quality (AHRQ) standards are:

• Good quality: 3 or 4 stars in selection domain AND 1 or 2 stars in comparability domain AND 2 or 3 stars in outcome/exposure domain.

• Fair quality: 2 stars in selection domain AND 1 or 2 stars in comparability domain AND 2 or 3 stars in outcome/exposure domain.

• Poor quality: 0 or 1 star in selection domain OR 0 stars in comparability domain OR 0 or 1 stars in outcome/exposure domain.



Statistical analysis

Our primary outcome was the cumulative incidence of stroke (total, ischemic, and hemorrhagic) at 1 year after a new diagnosis of cancer, and defined as the proportion of events divided by the sample size. Given the low number of studies that reported the incidence of stroke at 1, 3, and 6 months, we only reported the incidence of total stroke at these timepoints after pooling ischemic and hemorrhagic stroke. The transformed incidences were pooled using the Dersimonian and Laird random effects method (9). Between-study heterogeneity was assessed by the I2 statistic. To explore potential sources of heterogeneity, we caried out pre-specified subgroup analyses, including stratification based on ROB assessments, year of publication, location of primary cancer for studies that studied only one subtype of cancer, presence of atrial fibrillation, study design (i.e., prospective vs. retrospective cohorts), and nature of study (i.e., population-based or hospital-based). Univariate meta-regression analyses were carried out to test the influence of subgroup effects on heterogeneity. Sensitivity analyses were performed with the leave-one-out method to assess the influence of each study on the overall effect-size estimate. As this is a meta-analysis of pooled proportions from single cohorts (i.e., does not assess the effect of an intervention), publication bias was not assessed (2).

All statistical analyses were performed using the OpenMeta-Analyst software (10, 11).




Results

Our search identified 12,083 studies across all databases searched. After removing duplicates, we screened 10,378 titles and abstracts and found 485 potentially eligible titles. During the second stage of full-text screening, we further excluded 444 studies (Figure 1), resulting in 41 full-text articles for data extraction and synthesis.


Study selection and characteristics

The characteristics of included studies are listed in Table 1. The median year of publication was 2018 [interquartile range (IQR) 2015–2019]. Of the 41 studies, 18 were from Asia, 12 were from the United States, and 11 were from Europe. In total, they contributed 10,637,699 subjects for analysis, and 2,552,121 subjects had a new diagnosis of cancer. The sample size of cancer patients in the included studies ranged from 48 to 820,491, with a median sample size of 7,479 (IQR 893–22,737). Overall, 46% of the patients were women. Three studies were prospective cohort studies (12, 13), and the remaining were retrospective cohort studies. There were 29 studies that examined a single type of cancer (i.e., lung cancer), and the remaining studies included multiple types of cancer (Table 1).


TABLE 1 Included full-text articles for data extraction and meta-analysis.
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Total stroke (ischemic stroke and ICH) after cancer diagnosis

Of the included 41 studies, 22 reported the incidence of combined ischemic stroke and spontaneous ICH at 1 year (12, 14–34). For studies that reported the incidence of ischemic stroke and ICH separately, total stroke events were calculated by the sum of events. As shown in Figure 2, the pooled incidence of ischemic stroke and ICH at 1 year was 1.4% (95% CI 0.9–2.2%) with a high degree of statistical heterogeneity present (I2 = 99.92%).
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FIGURE 2
 Forest plot of the pooled incidence of total stroke (ischemic and hemorrhagic) at 1 year after a diagnosis of cancer.


Due to the low number of studies that reported the incidence of ischemic stroke and ICH at 1, 3, and 6 months, we only evaluated the cumulative incidence of total stroke (i.e., sum of events) at these timepoints. Five studies reported the incidence of stroke at 1 month (12, 16, 35–37), four reported the incidence of stroke at 3 months (12, 31, 35, 36), and eight reported the incidence of stroke at 6 months (12, 14, 16, 17, 31, 35, 36, 38). Their respective pooled incidences at 1, 3, and 6 months are 1.6% (95% CI 0.2–10.8%; I2 = 99.78%), 1.0% (95% CI 0.3–2.8%; I2 = 99.95%), and 1.3% (95% CI 0.6–2.9%; I2 = 99.96%) (Supplementary Figure 1).



Ischemic stroke at one year after cancer diagnosis

Of the 41 studies, 23 (N = 1,972,059) reported the incidence of ischemic stroke events at 1 year after a diagnosis of cancer (13–15, 17, 18, 20, 25, 26, 30, 34–36, 39–49). The pooled incidence of ischemic stroke events during the first year after a new diagnosis of cancer (see Figure 3) was 1.3% (95% CI 1.0–1.8%) with a high degree of statistical heterogeneity present (I2 = 99.72%).
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FIGURE 3
 Forest plot of the pooled incidence of ischemic stroke at 1 year after a diagnosis of cancer.




Intracerebral hemorrhage at one year after cancer diagnosis

There were 11 studies (N = 1,361,817) that reported the incidence of ICH at 1 year after a diagnosis of cancer (14, 15, 17, 18, 20, 25, 26, 30, 34, 50, 51). The pooled incidences of ICH at 1 year after diagnosis was 0.3% (95% CI 0.1–0.9%) with a high degree of statistical heterogeneity present (I2 = 99.46%) (Figure 4).


[image: Figure 4]
FIGURE 4
 Forest plot of the pooled incidence of spontaneous ICH at 1 year after a diagnosis of cancer.




Subgroup analyses
 
Atrial fibrillation and ischemic stroke

Three studies exclusively included cancer patients with atrial fibrillation (34, 43, 46). Two of these studies specifically examined the use of anticoagulation in these patients (34, 43). while the third study reported approximately that 85% of their cohort was on anticoagulation (46). In a subgroup analysis of studies that only included cancer patients with atrial fibrillation, the incidence of ischemic stroke was 3.3% at 1 year (95% CI 2.4–4.6%) with relatively low heterogeneity (I2 = 29.70%), which was significantly higher than the incidence of ischemic stroke in 20 other studies [1.2% (95% CI 0.9–1.6%), I2 = 99.76%] (Supplementary Figure 2).



Cancer subtype

Out of 22 studies that reported the combined incidence of ischemic and hemorrhagic stroke at 1 year, eight were cohort studies that included multiple types of cancer (Supplementary Figure 3) (12, 14, 15, 25, 27, 31, 33, 34). The remaining 14 studies were limited to specific cancer subtypes including head and neck cancer (n = 3) (16, 24, 28), hematologic malignancies (n = 2) (19, 29), breast cancer (n = 2) (21, 23), and thyroid cancer (n = 2) (26, 32). There was only one study for each of the following subtypes of cancer: pancreatic, cervical, prostate, colorectal, and hepatic (17, 18, 20, 22, 30). Subgroup analyses based on cancer type found that the pooled incidence of stroke for the eight studies that enrolled multiple types of cancer had a similar incidence to our overall pooled incidence: 1.1% (95% CI 0.5–2.7%), with significant heterogeneity (I2 = 99.97%). Studies that enrolled head and neck cancer patients exclusively appeared to have a higher incidence of stroke [5.3% (95% CI 0.8–27.5%, I2 = 99.83%)], although this difference was not statistically significant. Studies that enrolled hematologic cancer patients also reported a higher incidence of stroke: 3.9% (95% CI 2.4–6.3%), with moderate heterogeneity, I2 = 63.64% (Supplementary Figure 3). Thyroid cancer appeared to have a non-significant lower risk of stroke: 0.6% (95% CI 0.1–4.8%), while breast cancer patients reported a lower risk of stroke that was statistically significant: 0.4% (95% CI 0.2–0.9%, I2 = 95.10%). Based on results from a single study each, it appeared that pancreatic cancer, cervical cancer, prostate cancer, and hepatic cancer all had elevated risk of stroke compared to the overall pooled incidence of stroke (Supplementary Figure 3).



Study design

Out of the 22 studies that reported 1-year incidence of total stroke, there were 5/22 that used a hospital-based sample, and 17/22 that used a population-based sample. There was no statistical difference between the two groups in terms of the overall incidence: 1.6% (95% CI 0.9–2.8%) for population-based studies and 1.4% (95% CI 0.9–2.2%) for hospital-based studies (Supplementary Figure 7). We also performed subgroup analyses stratified by retrospective vs. prospective design and did not find a significant difference in 1-year incidence between these two groups (Supplementary Figure 8): 1.5% (95% CI 0.9–2.3%) for retrospective studies and 1.4 (95% CI 0.7–1.9%) for prospective. It is also important to note that in the analysis for total stroke, only 1/22 studies were prospective and the remaining 21 were retrospective.




Sensitivity analyses and meta-regression

Sensitivity analyses were performed with the leave-one-out method to examine the stability of the results (Supplementary Figure 4). We found that no single study significantly altered the pooled effect measure—cumulative incidences ranged from 1.3% (95% CI 0.8–2.0%) to 1.6% (95% CI 0.010–0.025), which was not statistically different from the pooled estimate of 1.4% (95% CI 0.9–2.2%). Subgroup analysis based on the geographic region of enrolled patients found that the risk of stroke appeared to be highest in cohorts from the United States (4.1%, 95% CI 2.8–5.3%) compared to cohorts from Asia (1.5%, 95% CI 1.8–2.7%) or Europe (0.5%, 95% CI 0.1–0.9%) (Supplementary Figure 5). Between-study heterogeneity was statistically quantified with univariate meta-regression analyses, which identified that substantial heterogeneity originated from differences in cancer type (p = 0.014), but not from year of publication, risk of bias, presence of atrial fibrillation, or study design (i.e., retrospective vs. prospective).



Risk of bias in studies

Using the NOS risk of bias tool, we found that 6/41 studies were “poor quality,” one was “fair quality,” and the remaining 34 were “good quality” (Supplementary Table 2). Subgroup analysis stratified by the ROB ratings found that 20 of 22 studies that reported 1-year stroke outcomes were deemed “good quality” (12, 14–28, 30–33), while one received a “poor” rating (34) and one received a “fair” rating (29). The studies that received a “good” rating had a similar pooled incidence of stroke at 1 year compared to the primary analysis (Supplementary Figure 6): 1.4% (95% CI 0.9–2.2%, I2 = 99.92%). The study with a “poor” rating reported a slightly higher cumulative incidence of stroke at 1 year [2.7% (95% CI 1.2–5.8%)], although this difference was not statistically significant. The single study that received a “fair” rating similarly reported a slightly higher incidence of stroke at 1 year: 2.8% (95% CI 1.5–5.0%).




Discussion


Summary of findings

Through our systematic literature search, we identified that the cumulative incidence of any stroke during the first year after a new diagnosis of cancer was 1.4%. The risk of ischemic stroke was similar (1.3%), but the risk for spontaneous ICH was much lower comparatively, at 0.3%. The risk for ischemic stroke was particularly high in patients with cancer and atrial fibrillation, and in those with head and neck cancer and hematologic cancers. For context, the incidence of stroke in those aged 55 years or older has been reported to be ~5.3 per 1,000 person-years, which translates to a cumulative incidence of ~0.53% per year for a single individual (52). This suggests that compared to the general population, there is approximately a 2.6-fold increase in the risk for stroke during the first year after a new cancer diagnosis.



Interpretation in the context of existing literature

There are two previously published systematic reviews that examined the risk of stroke in cancer survivors compared to cancer-free populations (53, 54). Zhang et al. found that the relative risk for stroke was 1.66 times higher (95% CI 1.35–2.04) for cancer survivors compared to the cancer-free population over an unspecified follow-up period (53). Turner et al. reported a hazard ratio of 1.22 (95% CI 1.12–1.33) across all stroke subtypes when examining adult cancer survivors. The slight differences between their estimates and ours is likely a reflection of differences in study population, follow-up time, and statistical pooling methods –by evaluating cancer survivors, both studies would have excluded malignancies with poor prognoses, and may have also excluded those who suffered a stroke already with consequent mortality. Zhang et al. also included those with childhood cancers and used relative risk to approximate and pool all effect measures (i.e., relative risk, hazard ratio, incidence rate ratio, standardized incidence ratios), which may have reduced accuracy, particularly when dealing with relatively rare outcomes (53). Additionally, our population likely represents one that is at highest risk for stroke, given the risk for stroke in cancer patients is not constant over time—previous studies have found that stroke risk increases during the months leading up to a diagnosis of cancer, and peaks around the time of diagnosis (55, 56). Turner et al. similarly reported that the incidence of stroke may be highest immediately after a diagnosis of new cancer (i.e., first 6 months) (54).



Subgroup analysis: Geographic location

Our meta-analysis identified that the combined risk of stroke varied by geographic location: the risk of stroke was significantly higher in cohorts from the United States compared to the Asia and Europe. This is different than previously reported numbers of stroke risk by geographic region in the general population: East Asia has been reported to have the highest lifetime risk of stroke, followed by Central and Eastern Europe (57). The discrepancy reported in our study may reflect the heterogeneity that is present in baseline patient characteristics and cancer subtypes across studies. Using visual inspection of the forest plot, it is evident that the higher incidence of stroke in the United States cohort may be largely driven by three studies: Bigelow (study ID 420), Hong (study ID 2599) and B. Navi (study ID: 2397) (Supplementary Figure 5) (16, 24, 31). Two of these studies (Hong and Bigelow) were specifically investigating the risk of stroke in elderly patients with glottic and oropharyngeal cancer—the respective median/mean ages of cancer subjects include in these two cohort studies were 72 (IQR 69–77) and 73.8 (no standard deviation reported) (16, 24). The population from the 2015 study by Navi selectively included patients with breast, colorectal, lung, pancreatic, or prostate cancer from the Surveillance Epidemiology and End-Results (SEER) Medicare database—the authors chose these cancer types a priori because pancreatic cancer is the cancer type most commonly reported in association with thromboembolic events, and the remaining four represent the most common cancers reported in the United States population (31). This may therefore represent a highly selected group of patients, as gastric, lung and pancreatic cancers are particularly associated with a higher risk for stroke (53, 54, 58). These cancers are also more likely to be at advanced stages at the time of diagnosis, which is an independent risk factor to increase the risk for thromboembolic events (31). Unfortunately information regarding cancer stage was not available for this meta-analysis. Furthermore, the SEER-Medicare database restricts the study population to patients 65 and older so the higher rates of stroke may be partly driven by the older population—this is supported by the high rates of stroke seen in the matched control patients without cancer (31).



Subgroup analysis: Atrial fibrillation

Our subgroup analysis found that in patients with cancer and atrial fibrillation, there was an elevated risk for ischemic stroke compared to the general cancer cohort: 3.3 vs. 1.3%, respectively. This is similar to what is reported in the literature—a large national registry-based cohort study reported that the annual incidence rate of ischemic stroke was 3.44% in those with atrial fibrillation and active or history of cancer (59). This risk is stratified by the presence of comorbidities, including older age, and the presence of other vascular risk factors (60, 61). While current risk stratification tools for atrial fibrillation (i.e., CHADS2 or CHADS2-VASC) do not take cancer into account, when applied in a population of cancer patients with atrial fibrillation, they were still found to be predictive of ischemic stroke (62). There is a higher prevalence of atrial fibrillation in patients with cancer compared to those without cancer—a relationship that persists regardless of surgery or cancer therapy (63). The mechanism by which this occurs is postulated to be multifactorial, but may be related to higher incidences of post-operative atrial fibrillation, chemotherapy-related adverse effects, cancer-associated systemic inflammation which promotes atrial re-structuring, and autonomic dysregulation in patients with malignancy (63–66). Thus, the co-occurrence of atrial fibrillation and cancer represents a highly susceptible population with the highest risk for ischemic stroke; these patients may require anticoagulation for primary prevention.

There are no randomized studies that evaluate the efficacy and safety of antithrombotic therapies specifically for the primary prevention of stroke in patients with new/active cancer. Initiation of antithrombotics in this population is challenging for multiple reasons. First, currently there is no risk stratification tool for accurately identifying patients with cancer at the highest risk for stroke. This represents the biggest challenge, as patients with cancer on antithrombotic therapy are also at increased risk for major bleeding compared to non-cancer patients, and therefore accurate patient selection is crucial (67). Second, the choice of antithrombotic for primary prevention should be highly individualized. For example, anticoagulation is recommended for the prevention of stroke in patients with atrial fibrillation, and it is generally accepted that direct oral anticoagulants (DOAC) are preferred to warfarin (68). While patients with cancer were excluded from the large DOAC trials comparing rivaroxaban, apixaban, dabigatran, and edoxaban to warfarin (69–72), recent observational data suggests that DOAC is comparable to warfarin in terms of efficacy and safety profiles, and the Canadian Cardiovascular Society recommends the use of DOAC as first line anticoagulation therapy in patients with atrial fibrillation and active cancer [weak recommendation; low-quality evidence] (68). However, many DOACs are mainly metabolized via cytochrome P450 3A4 in the liver, and concomitant use of DOACs with drugs that regulate this pathway may be contraindicated, as many chemotherapeutic agents fall in this category (73). This example highlights that the choice of antithrombotic therapy in cancer patients should be highly individualized due to multiple patient and treatment considerations, and therefore should be chosen under the guidance of an expert multidisciplinary team (68).

In contrast, there is high-level evidence to support the use of reduced-dose DOACs in the setting of primary prevention for venous thromboembolism (VTE) in ambulatory cancer patients starting chemotherapy at intermediate to high risk for VTE (defined as Khorana Score ≥2) (74, 75). In two large randomized controlled trials, reduced-dose apixaban and rivaroxaban lowered the risk for VTE compared to placebo with an acceptable risk of bleeding (74, 75). Although this indirect evidence generally supports the use of antithrombotic treatments to prevent cardiovascular events among newly diagnosed cancer patients, the low number of cerebrovascular events in both trials may limit the generalizability of these results (74, 75).



Study heterogeneity

Our study reported a very high I2 value, indicative of substantial between-study heterogeneity. Significant heterogeneity is a well-recognized statistical phenomenon for meta-analyses of single proportions, and interpretation of I2 values in this context is challenging (53, 76). Extremely large sample sizes of single cohort studies result in very narrow confidence intervals, thereby I2 for pooled estimates can be extremely high even in the presence of modest inconsistency between studies (77). Moreover, despite the extreme values of heterogeneity, we feel these results are still valid and clinically informative, as the primary objective of this study was to provide a global estimate of the risk for stroke in newly diagnosed cancer patients—a heterogeneous population to begin with. Therefore, it may be reasonable to sacrifice statistical homogeneity for broad inclusion criteria encompassing different cancer subtypes, treatments, and settings to increase the generalizability of our results and statistical power (78). Using univariate meta-regression analyses, we found that substantial heterogeneity could be attributed to differences in cancer type, which is known to influence the risk of stroke (15). Residual heterogeneity likely also originates from differences in baseline patient characteristics which cannot be quantified in an aggregate-level meta-analysis (i.e., patient age, sex, presence of vascular comorbidities, differences in cancer treatment, and use of antithrombotics). For example, Pardo Sanz et al. examined a cohort of patients with breast cancer and atrial fibrillation, where 84.9% of patients were anticoagulated (46). However, as not everyone in the study was anticoagulated, this study could not be included in our subgroup analysis looking at the use of anticoagulation. Therefore, significant heterogeneity remains despite our attempts at quantification of the sources of heterogeneity.

Our meta-analysis provides significant clinical implications for the risk of stroke in patients newly diagnosed with cancer. Our study confirms that the risk of ischemic stroke is high compared to the general population during the first year after a cancer diagnosis, and these patients should be considered for primary prevention strategies. At present, there isn't enough evidence to support the use of antithrombotic therapy empirically in these patients. However, patients should at least be educated that their stroke risk is high during this time period, and patient education regarding healthy lifestyle habits (i.e., healthy diet, regular exercise, smoking cessation, alcohol consumption reduction) should be provided. Furthermore, patient education around what to look for in terms of signs or symptoms of stroke should also be emphasized to minimize delays in access to acute treatments.



Strengths and limitations

Our study has several strengths to note. This meta-analysis produced one of the largest pooled cohorts of newly diagnosed patients with cancer in which to characterize the risk of stroke. We believe our pooled results will provide patients and clinicians with an accurate estimation of the cumulative incidence of stroke during a high-risk period. Our statistical methodology was robust, with the publication of an a priori, peer-reviewed study protocol and a comprehensive search strategy encompassing multiple databases (1). However, our study is not without limitations. First, our pooled results reported significant heterogeneity among the included studies, which is likely due to differences in baseline patient characteristics (i.e., cancer subtype, age, sex, presence of vascular risk factors, ethnicity, treatment and prognoses), as discussed above. However, we believe that the increased statistical power we report due to our large sample size is also a strength of our study and may result in increased generalizability of these results. Unfortunately due to the lack of access to individual patient data and significant variations in how age was summarized and reported across studies, we could not perform subgroup analyses stratified by age. Next, our meta-analysis only included observational cohort studies; we may have missed potential data from randomized/interventional studies and gray literature. This was intentional during the design of our study protocol, as we wanted to focus on the natural history of disease so the results are applicable to all cancer patients, and the clinical trial population is often highly selected in oncology literature. As this meta-analysis was conducted exclusively in the English language, we may have missed literature published in other languages, which might have introduced language bias, though previous studies found little to no effect on summary measures excluding non-English studies (79). Lastly, medical surveillance bias should be considered when interpreting studies reporting risk for other diseases in the cancer population, as cancer patients may be followed more closely than non-cancer patients given the complexities of treatment.




Conclusion

We found that the estimated cumulative incidence of stroke during the first year after a new diagnosis of cancer is 1.4%, and the risk for ischemic stroke is higher than the risk for spontaneous ICH. Patients newly diagnosed with cancer require education around the risk of stroke at the time of their diagnosis, as well as signs and symptoms of stroke to watch out for to minimize delays in access to acute treatments. Healthcare providers should advocate for conservative primary prevention strategies in this group of high-risk patients.
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