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Background: It has been proposed that transcatheter aortic valve replacement (TAVR) may be an option for patients with cancer and severe aortic stenosis. We assessed the association between previous or active cancer and clinical outcomes in TAVR patients.

Methods: We searched four electronic databases from inception to March 05, 2021. The primary outcome was all-cause mortality. Secondary outcomes were cardiovascular mortality, myocardial infarction, stroke, acute kidney injury, pacemaker implantation, major bleeding, and vascular complications. All meta-analyses were performed using a random-effects model. Relative risks (RRs) and adjusted hazard ratios (aHRs) with their 95% confidence interval (95% CI) were pooled.

Results: Thirteen cohort studies involving 255,840 patients were included. The time period for mortality ranged from inpatient to 10 years. Patients with active cancer had a higher risk of all-cause mortality using both crude (RR, 1.46; 95% CI, 1.13–1.88) and adjusted (aHR, 1.79; 95% CI, 1.43–2.25) estimates compared to non-cancer group. In contrast, the risk of cardiovascular mortality (RR, 1.26; 95% CI, 0.58–2.73), myocardial infarction (RR, 0.94; 95% CI, 0.34–2.57), stroke (RR, 0.90; 95% CI, 0.75–1.09), pacemaker implantation (RR, 0.87; 95% CI, 0.50–1.53), acute kidney injury (RR, 0.88; 95% CI, 0.74–1.04), major bleeding (RR, 1.15; 95% CI, 0.80–1.66), and vascular complications (RR, 0.96; 95% CI, 0.79–1.18) was similar between patients with or without cancer.

Conclusion: Our review shows that TAVR patients with active cancer had an increased risk of all-cause mortality. No significant association with secondary outcomes was found.

Keywords: aortic stenosis, TAVR, cancer, systematic review, mortality


INTRODUCTION

Transcatheter aortic valve replacement (TAVR) has become a safe and effective treatment option for patients with symptomatic severe aortic stenosis (1). It is well-known that a large proportion of patients undergoing TAVR are elderly with multiple comorbidities that may influence their short-term prognosis (1). Among them, it has been estimated that ~20% of TAVR patients have a history of cancer (2). However, cancer patients have often been excluded from pivotal TAVR trials. Given their likely poor survival, the decision as to whether a patient with cancer and severe aortic stenosis is a candidate for TAVR is complex. Moreover, severe aortic stenosis could potentially condemn patients to a higher mortality risk than cancer itself, and access to TAVR may provide a longer life expectancy.

Several studies with mixed results have been reported evaluating the association between cancer and outcomes in TAVR patients (2–5). Moreover, it is unknown whether the outcomes vary if the patients had previous cancer or it was active. Therefore, we performed a systematic review and meta-analysis to assess the association between previous or active cancer and clinical outcomes in patients with severe aortic stenosis treated with TAVR.



METHODS

This systematic review was reported according to the 2009 PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-analyses) statement (6).


Search Strategy

We searched in four electronic databases (PubMed, Embase, Web of Science, and Scopus) from inception to March 05, 2021. The complete search strategy can be found in Supplementary Table 1. There were no restrictions on publication year or language. The reference lists of included studies and relevant reviews were also screened to identify eligible studies.



Eligibility Criteria

The inclusion criteria were the following: (i) cohort studies evaluating the association between previous or active cancer and clinical outcomes in adult patients (≥18 years old) with severe aortic stenosis treated with transcatheter aortic valve replacement and (ii) studies reporting at least one of the primary or secondary outcomes at any length of follow-up. We only included cohort studies since it is not possible to evaluate cancer as exposure in randomized controlled trials. Cross-sectional studies, case-control studies, case series, case reports, systematic reviews, conference abstracts, and editorials were excluded.



Study Selection

All articles from the search were downloaded and duplicates were removed. Title/abstract and full-texts were independently assessed by two review authors (JTV and GZ). Any disagreement was resolved by a third review author (CDA).



Outcomes

The primary outcome was all-cause mortality. Secondary outcomes were cardiovascular mortality, myocardial infarction, stroke, pacemaker implantation, acute kidney injury, major bleeding, and vascular complications. The study definitions were used for all outcomes.



Data Extraction

Two authors (JTV and GZ) independently extracted the information from each study using a standard data extraction form that was previously piloted. Any disagreement was resolved by a third review author (CDA). The following data were extracted: first author name, year of publication, country, study design, type of population, sample size, age, sex, comorbidities, the timing of cancer, follow-up duration, and primary and secondary outcomes.



Risk of Bias Assessment

Two review authors (CDA and JTV) independently assessed the risk of bias of each cohort study using the Newcastle-Ottawa Scale (NOS) tool (7). Any disagreement was resolved by consensus. The NOS tool rates cohort studies based on three domains: selection, comparability, and outcome. The selection domain consists of four items: representativeness of the exposed cohort, selection of the non-exposed cohort, ascertainment of exposure, and demonstration that the outcome of interest was not present at the start of the study. The comparability domain consists of one item: comparability of cohorts on the basis of the design or analysis. The outcome domain consists of three items: assessment of outcome, was follow-up long enough for outcomes to occur, and adequacy of follow-up of cohorts. Each item is scored with zero, one, or two stars. Overall, each study was judged as follows: low risk of bias (8–9 stars), moderate risk of bias (5–7 stars), and high risk of bias (0–4 stars) (8).



Statistical Analysis

All meta-analyses were performed using a random-effects model. The between-study variance (tau2) was estimated using the Paule-Mandel method (9). Unadjusted relative risks (RRs) and adjusted hazard ratios (aHRs) with their 95% confidence intervals (CIs) were pooled. We have combined the aHRs from each study as reported. Statistical heterogeneity was evaluated using the Chi-square test (p < 0.10 as threshold) and the I2 statistic (10). Heterogeneity was defined as follows: low if I2 <30, moderate if I2 = 30–60%, and high if I2 > 60%. Publication bias was assessed using the visual inspection of funnel plots and Egger's test if 10 or more studies were available (10). Subgroups analyses were performed according to the timing of cancer (previous history of cancer or active cancer). The test for subgroup differences (interaction test) was considered statistically significant if the p-value was <0.10 as previously recommend (10, 11). For the main meta-analyses, a two-tailed p < 0.05 was used for statistical significance. We used the package meta from R 3.6.3 (www.r-project.org) for all meta-analyses.




RESULTS


Study Selection

Our electronic search retrieved 954 articles. After the removal of 365 duplicates, 589 articles underwent title/abstract screening, of which 51 articles were included in the full-text screening. Finally, a total of 13 studies were selected (Figure 1) (2–5, 12–20).


[image: Figure 1]
FIGURE 1. Flow diagram of study selection.




Study Characteristics

The main characteristics of the 13 cohort studies (n = 255.840 patients) are shown in Table 1. Eight studies were retrospective, four were prospective, and one was ambispective. Most studies were conducted in the United States of America (n = 4) and Germany (n = 3). The mean age ranged from 78.5 to 83 years and 50% were men. The most common comorbidities were hypertension (85%), dyslipidemia (60%), coronary artery disease (44%), and diabetes (32%). Active cancer was assessed in five studies and previous cancer in 10 studies. The prevalence of cancer in TAVR patients ranged from 4.5 to 22.9% across studies. The follow-up ranged from 1 month to 10 years. The median Society of Thoracic Surgeons (STS) score ranged from 3 to 8.1 across eight studies. The type of transcatheter aortic valve device was reported in six studies. The use of a self-expandable valve varied from 18 to 76% and a balloon-expandable valve from 24 to 100%. The access route of TAVR ranged from 82 to 100% across six studies. Information on the type of cancer was available in 10 studies (Supplementary Table 2). The most frequent cancer types were hematologic (25%), breast (22%), prostate (21%), and lung (18%). Only four studies reported data on cancer staging and treatment (Supplementary Table 2). The proportion of patients with metastases ranged from 6 to 31% across studies. Antineoplastic treatment was reported in 29–83% of cases. The adjusted effect estimates and adjusted variables of each study are described in Supplementary Table 3. The adjusted variables were not uniform across studies. The variables most commonly adjusted were age, sex, New York Heart Association scale, STS score, and coronary artery disease. None of the effect estimates were adjusted for time.


Table 1. Characteristics of included studies.
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Risk of Bias Assessment

According to the NOS tool, eight studies were scored as low risk of bias and five studies as the moderate risk of bias (Supplementary Table 4).



All-Cause Mortality

In 13 studies (n = 255.796), the risk of all-cause mortality was similar between patients with and without cancer (RR, 1.13; 95% CI, 0.95–1.35; I2 = 94%) (Figure 2). The funnel plot did not show asymmetry and the Egger's test was not significant (p = 0.68) (Supplementary Figure 1).


[image: Figure 2]
FIGURE 2. Association between cancer and all-cause mortality in TAVR patients using (A) risk ratios and (B) adjusted hazard ratio as effect measures. RR, relative risk; aHR, adjusted hazard ratio; CI, confidence interval; TAVR, transcatheter aortic valve replacement.


In eight studies (n = 9.917), using adjusted estimates, the risk of all-cause mortality was significantly higher in the cancer group compared to the non-cancer group (aHR, 1.52; 95% CI, 1.21–1.90; I2 = 76%) (Figure 2).

Only patients with active cancer, but no previous cancer, had a significantly increased risk of all-cause mortality using unadjusted (RR, 1.46; 95% CI, 1.13–1.88; I2 = 79%) and adjusted (aHR, 1.79; 95% CI, 1.43–2.25; I2 = 59%) effect estimates (Table 2). The test for subgroup differences suggests that there is a statistically significant subgroup effect using unadjusted (p = 0.06) and adjusted (p = 0.08) effect estimates.


Table 2. Subgroup analyses according to the timing of cancer.
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Cardiovascular Mortality

In four studies (n = 6.233), the risk of cardiovascular mortality was not significantly different between patients with and without cancer (RR, 1.26; 95% CI, 0.58–2.73; I2 = 76%) (Figure 3).


[image: Figure 3]
FIGURE 3. Association between cancer and (A) cardiovascular mortality, (B) myocardial infarction, and (C) stroke in TAVR patients. RR, relative risk; aHR, adjusted hazard ratio; CI, confidence interval; TAVR, transcatheter aortic valve replacement.


The risk of cardiovascular mortality was similar among patients with previous (RR, 1.65; 95% CI, 0.66–4.18; I2 = 90%) or active (RR, 0.50; 95% CI, 0.14–1.75; I2 = 0%) cancer compared to patients without cancer (Table 2). The test for subgroup differences was not significant (p = 13).



Myocardial Infarction

In five studies (n = 7.776), the risk of myocardial infarction was not significantly different between patients with and without cancer (RR, 0.94; 95% CI, 0.34–2.57; I2 = 51%) (Figure 3).

The risk of myocardial infarction was not significantly different between patients with previous (RR, 0.75; 95% CI, 0.35–1.60; I2 = 0%) or active (RR, 1.92; 95% CI, 0.57–6.45; I2 = 24%) cancer compared to patients without cancer (Table 2). The test for subgroup differences was not significant (p = 20).



Stroke

In nine studies (n = 242.242), the risk of myocardial infarction was similar between patients with and without cancer (RR, 0.90; 95% CI, 0.75–1.09; I2 = 51%) (Figure 3).

The risk of stroke was similar between patients with previous (RR, 0.96; 95% CI, 0.71–1.31; I2 = 66%) or active (RR, 0.88; 95% CI, 0.69–1.12; I2 = 0%) cancer compared to patients without cancer (Table 2). The test for subgroup differences was not significant (p = 66).



Acute Kidney Injury

In seven studies (n = 240.073), the risk of acute kidney injury was not significantly different between patients with and without cancer (RR, 0.88; 95% CI, 0.74–1.04; I2 = 94%) (Figure 4).


[image: Figure 4]
FIGURE 4. Association between cancer and (A) acute kidney injury and (B) pacemaker implantation in TAVR patients. RR, relative risk; aHR, adjusted hazard ratio; CI, confidence interval; TAVR, transcatheter aortic valve replacement.


The risk of acute kidney injury was significantly higher in patients with active cancer (RR, 1.10; 95% CI, 1.01–1.18; I2 = 0%), but no previous cancer (RR, 0.82; 95% CI, 0.67–1.00; I2 = 88%), compared to patients without cancer (Table 2). The test for subgroup differences was significant (p < 0.01).



Pacemaker Implantation

In nine studies (n = 244.987), the risk of pacemaker implantation was similar between patients with and without cancer (RR, 0.87; 95% CI, 0.50–1.53; I2 = 96%) (Figure 4).

The risk of pacemaker implantation was similar between patients with previous (RR, 0.84; 95% CI, 0.38–1.88; I2 = 97%) or active (RR, 1.08; 95% CI, 0.82–1.43; I2 = 62%) cancer compared to patients without cancer (Table 2). The test for subgroup differences was not significant (p = 56).



Major Bleeding

In seven studies (n = 131.594), the risk of major bleeding was not significantly different between patients with and without cancer (RR, 1.15; 95% CI, 0.80–1.66; I2 = 87%) (Figure 5).


[image: Figure 5]
FIGURE 5. Association between cancer and (A) major bleeding and (B) vascular complications in TAVR patients. RR, relative risk; aHR, adjusted hazard ratio; CI, confidence interval; TAVR, transcatheter aortic valve replacement.


The risk of major bleeding was not significantly different between patients with previous (RR, 0.95; 95% CI, 0.81–1.12; I2 = 97%) or active (RR, 1.26; 95% CI, 0.62–2.58; I2 = 80%) cancer compared to patients without cancer (Table 2). The test for subgroup differences was not significant (p = 45).



Vascular Complications

In five studies (n = 7.915), the risk of vascular complications was similar between patients with and without cancer (RR, 0.96; 95% CI, 0.79–1.18; I2 = 46%) (Figure 5).

The risk of vascular complications was similar between patients with previous (RR, 1.07; 95% CI, 0.92–1.25; I2 = 0%) or active (RR, 0.91; 95% CI, 0.65–1.25; I2 = 51%) cancer compared to patients without cancer (Table 2). The test for subgroup differences was not significant (p = 35).




DISCUSSION


Main Findings

In the present meta-analysis, we provide a comprehensive overview of the association between previous or active cancer and mortality and TAVR complications in 255.840 patients with severe aortic stenosis who underwent TAVR from 13 cohort studies. The main study findings can be summarized as follows: (1) only TAVR patients with active cancer had an increased risk of all-cause mortality using unadjusted and adjusted effect estimates; (2) the association between cancer (either previous or active) and cardiovascular mortality in patients who underwent TAVR was not significant; (3) complications after TAVR, such as acute myocardial infarction, need for pacemaker implantation, major bleeding and vascular complications, occurred similarly in cancer patients regardless of cancer activity, as in those without cancer.



Association Between Cancer and Mortality After TAVR

Cancer is an increasingly frequent comorbidity in patients with cardiovascular diseases, with shared risk factors, such as obesity, a processed diet, smoking, or physical inactivity (21). This is also the case of aortic stenosis, the most common valve disease (22). In addition, cancer treatments, especially chest radiation therapy (23, 24), pose a specific risk for the development of aortic valve disease. Therefore, it is to be expected that in the coming years we will often have to deal with patients with severe aortic stenosis and cancer and make important decisions regarding the treatment of both entities. Latency to the presentation of valvular heart disease from cancer therapies is often over 20 years (23), so many patients with cancer have an inactive or stabilized tumor disease.

The contributions of this meta-analysis are relevant since, in patients with severe aortic stenosis who underwent TAVR implantation, only those who had active cancer had higher mortality from all causes. Patients with cancer present a higher risk of mortality and more life-threatening health conditions than the general population. The higher mortality has been attributed to both cardiovascular and non-cardiovascular conditions (25), but recently particular attention has been paid to cardiovascular disease-related deaths (26, 27), especially in certain subpopulations of cancer patients (26–28). As it has been described, mortality in cancer patients is strongly conditioned by the type of tumor (29). For those cancers of high malignancy (i.e., lung or pancreas), mortality is more likely due to cancer itself, but in others such as prostate, intestinal, or breast cancer, they present a high risk of mortality not attributable to cancer (29). In cancer patients over 60 years old, cardiovascular diseases are the main cause of death (29, 30). This elderly population is more prone to develop severe aortic stenosis, which can be more lethal than many malignancies if left untreated (31). Gastrointestinal (mainly colorectal cancer), breast, and prostate cancer were the most common malignancies in patients with severe aortic stenosis treated with TAVR (4, 13, 14, 17), and these tumors appear at older ages and tend to have a more indolent progression. Indeed, a study showed that breast cancer and prostate cancer were not associated with an increased risk of all-cause mortality (13). Regarding non-cardiac causes of death in patients with active cancer, the more commonly described are cerebrovascular disease, infections, liver failure, kidney disease (29), and cancer-related mortality, which represents ~50% of cancer patient's deaths (especially in those with progressive malignancies in stage III to IV) (4, 17). TAVR can be a reasonable option in patients with previous cancer, considering the stage of initial cancer and the duration of remission. In patients with active cancer there a comprehensive multidisciplinary assessment aimed to select candidates for TAVR should be conducted, given their higher risk of mortality in the mid- and long-term.

After relieving the aortic stenosis with the TAVR procedure, cardiovascular mortality was equaled in the three groups of patients (non-cancer, previous or active cancer), regardless of the history of cancer. The importance of managing aortic valve disease in cancer patients is that TAVR would allow a treatment directed to cancer with surgery, chemotherapy, targeted cancer therapies, or biological anticancer drugs that would improve the malignancy prognosis (4). In any case, it seems clear that an adequate selection of candidates for TAVR allows good cardiovascular results even in patients with active cancer, who may achieve a reasonable life expectancy after having solved a serious treatable disease, such as aortic stenosis, with a procedure with manageable complications.



Association Between Cancer and TAVR Complications

This large-scale analysis allowed us to examine the association between cancer history and main TAVR complications. The risk of post-procedural complications was very similar in patients with active/previous cancer and non-cancer patients. However, it should be noted that information was scarce for some outcomes, limiting the robustness of the effect estimates. Only acute kidney injury occurred more frequently in patients with active cancer. Acute kidney injury is a common complication after TAVR, which may occur in half of the cases (although incidence varies widely) (32). Acute kidney injury after TAVR is multifactorial in origin: administration of iodinated contrast agents, bleeding and anemia, microembolisms, hypotension, or nephrotoxic drugs, among others. In addition, predisposing factors such as chronic kidney disease or previous heart failure play a role (32, 33). Although cancer patients tend to be younger and have fewer comorbidities (2), there are several cancer-related mechanisms underlying the higher risk of acute kidney injury, including a number of conventional chemotherapeutic agents, tumor infiltration, immune response, or volume depletion, among others (34).

The type of cancer may also play a role in the risk of post-TAVR acute kidney injury (3). The importance of this finding is that acute kidney injury after TAVR is associated with higher mortality, especially in those patients who develop stage III acute kidney injury (33), so preventive measures aimed at avoiding or minimizing kidney damage should be established early in cancer patients, especially those with active disease avoiding dehydration and withdrawing possible nephrotoxic drugs in the peri-intervention period.

In relation to other post-TAVR complications (stroke, pacemaker implantation, acute myocardial infarction, or bleeding), the risk was low and similar in the three groups of patients (without cancer, with active or previous cancer) (2–4, 12, 16, 17, 19, 20).



Limitations

Our review has some limitations. First, since all included studies were observational and most were retrospective, there is a risk of confounding bias. Although we pooled unadjusted and adjusted effect estimates, there is a risk of residual confounding. Second, our findings are not extensible to patients treated with surgical aortic valve replacement as age and surgical risks are different from TAVR patients. Third, the heterogeneity was high among studies. Possible reasons include different sample sizes, heterogeneous definitions of bleeding and acute kidney injury, different types of cancer, and various lengths of follow-up. Fourth, information on the type, stage, and treatment of cancer was poorly reported across studies. Thus, it was not possible to assess the impact of these known prognostic factors on all-cause mortality. Fifth, since only a few studies were available for meta-analyses of some outcomes (e.g., cardiovascular mortality, myocardial infarction, and vascular complications) and their subgroups, pooled effect estimates for these outcomes should be interpreted with caution. Finally, it should be taken into account that possibly in patients with active cancer referred for TAVR implantation there may be a bias related to the prognosis of the malignancy itself since valve replacement would not have been considered in those with a very reduced life expectancy, or those in whom cancer treatment is not feasible. Therefore, life expectancy may have been overestimated in some patients with active cancer.




CONCLUSION

Our meta-analysis shows that cancer patients present similar cardiovascular outcomes and post-procedural complications after TAVR. In patients with previous stable cancer, the overall prognosis is very similar to those without a history of cancer. Patients with active cancer presented higher all-cause mortality, which may be related to cancer itself, but TAVR should not systematically be denied to these groups of patients. A comprehensive evaluation involving a multidisciplinary team of cardiologists and oncologists aimed to select candidates for TAVR given their higher risk of mortality in the mid- and long-term is desirable.
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