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INTRODUCTION
There is limited evidence in the surgical literature regarding 
the incidence and mortality of cancer following either open 
surgical repair (OR) or endovascular aortic aneurysm repair 
(EVAR). Many published studies have primarily focused on pa-
tients presenting with both malignancy and abdominal aortic 
aneurysm (AAA), rather than on the de novo risk of cancer 
following these procedures.1,2

Over the past two decades, endovascular repair has pro-
gressively gained predominance over open surgery in the 
management of abdominal aortic aneurysms.3 EVAR offers 
significant perioperative advantages, including reduced mor-
bidity and mortality, shorter hospital stays, and faster recov-
ery.4-6 These benefits have led to its widespread adoption, 
particularly among elderly or comorbid patients, while open 
repair is now mainly reserved for anatomically unsuitable cas-
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es or younger, low-risk individuals.3

Nevertheless, there is emerging evidence suggesting that 
the endovascular approach may be associated with a higher 
long-term risk of developing metachronous malignancies.7-10 
This has been attributed to cumulative radiation exposure, 
both during fluoroscopy-guided procedures and during post-
operative CT surveillance, which remains the gold standard for 
detecting endograft-related complications.11,12 Despite pro-
posed low-dose CT protocols for follow-up, such strategies are 
not yet routinely implemented in clinical practice.12,13 Notably, 
in the EVAR-1 trial, an increased rate of aneurysm-related 
deaths was accompanied by a higher incidence of cancer-re-
lated mortality in the EVAR group.4 Similar findings were ob-
served in the EVAR-1, OVER, and DREAM trials, which together 
reported 2,484 patients with long-term follow-up, confirming 
that deaths due to aneurysm rupture or cancer were present 
in both treatment groups. 4,5,6 Interestingly, in the OVER trial, 
cancer-related mortality was higher in the open repair group 
than in the endovascular group.5

The aim of this study was to compare cancer-related inci-
dence and mortality between EVAR and OR in patients with no 
pre-existing malignancy.

METHODS

Search Strategy
Relevant studies were identified through a comprehensive 
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search of electronic databases and a manual review of ref-
erence lists. The National Library of Medicine’s MEDLINE da-
tabase was accessed via the PubMed interface and searched 
from 1976 to the present.

An unrestricted search strategy was applied using explod-
ed Medical Subject Headings (MeSH) terms and keywords 
combined with the Boolean operators AND, OR, and NOT to 
identify relevant articles. A secondary manual search of ref-
erence lists from selected studies was performed to capture 
additional eligible publications.

Eligibility assessment was conducted independently and in 
an unblinded manner by two authors (PG and CFP). The liter-
ature search process is summarized in a flow diagram (Table 
1). Ultimately, six studies reporting a combined total of 67,866 
patients with postoperative cancer mortality data were iden-
tified and analyzed (Table 2). These studies were published 
between 2010 and 2025, covering study periods from 1999 
to 2023. 

A PRISMA flow diagram summarizes the study selection 
process (Figure 1). The risk-of-bias assessment figures were 
generated as weighted bar plots (Figures 2 and 3) and “traffic 
light” (Figures 4 and 5) using the ROBVIS (Risk of Bias VISual-
ization) online application in conjunction14 with the Cochrane 

Risk of Bias 2 (RoB 2) tool for Randomized Controlled Trials15 

and the ROBINS-I V2 (Risk Of Bias In Non-randomised Stud-
ies - of Interventions, Version 2) tool for observational cohort 
studies.16

Eligibility, Exclusion and Inclusion Criteria
Studies were included if they reported on patients considered 
suitable candidates for either EVAR or OR, whether in elective 
or emergency (ruptured) settings. Data from all cancer-free 
patients were reviewed and analyzed.
Inclusion Criteria
•	 Studies reporting the incidence or occurrence of cancer 

following EVAR and/or OR
•	 Explicit description of cancer outcomes (preferably speci-

fying the cancer type)
•	 Defined follow-up period, including time to cancer occur-

rence
Exclusion Criteria
•	 Articles not published in English
•	 Case reports or small series with insufficient statistical 

data
•	 Patients with concomitant malignancy or metastatic solid 

Table 1: Search Strategy
Search Strategy Results

1
(“cancer*”[All Fields] AND “risk*”[All Fields]) OR “cancer risk*”[All Fields] OR (“EVAR”[All Fields] 
AND “Open Repair *”[All Fields] AND “Cancer*”[All Fields]) OR “Cancer incidence*”[All Fields] 

OR “Cancer Mortality”[MeSH Terms]
560,724

2

(“cancer” or “neoplasm”or “malignancy”[All Fields]) OR (“postoperative”[All Fields] AND “peri-
od”[All Fields]) OR “postoperative period”[All Fields] OR (“post”[All Fields] AND (EVAR OR end-
ovascular OR open repair[All Fields]) OR (AAA OR “abdominal aort* aneurysm” OR “abdominal 

aort*”[All Fields])

75,779

3
(“cancer “[All Fields]) OR “postoperative period”[All Fields] OR (“post”[All Fields] AND (EVAR OR 
¨”endovascular” AND “open repair”[All Fields]) OR (“AAA” OR “abdominal aortic aneurysm”[All 

Fields])
38,324

4
(cancer OR malignancy) AND (aortic aneurysm OR AAA OR TAAA OR TAA) AND (EVAR OR “open 

repair” OR aneurysm repair) NOT (“concomitant cancer”[Title/Abstract] OR “concomitant malig-
nancy”[Title/Abstract])

710

Table 2: Included studies according to study period, mean age, number of patients, total number of patients, male (%) and Type 
of Cancer

Trial / Senior author Journal / Year of Publication Study Period Mean Age (y) Total / Male (%) EVAR (%)
Evar-1 Trial, Patel4 LANCET, 2016 1999-2004 74.1 1252/91 50.0
Over Trial, Lederle5 NEJM, 2019 2002-2008 NS 881/92 50.3
Dream Trial, Bruin6 NEJM, 2010 2000-2003 70.0 351/91 50.7

Markar8 JVS, 2019 2005-2013 73.0 39390/NS 36.7

Ettengruber7 LANGENBECK’S ARCHIVES OF 
SURGERY, 2022 2010-2016 72.1 18802/86 75.6

Meuli19 JAMA NETWORK, 2025 2004-2023 NS 6891/83 43
EVAR, Endovascular Aortic Repair; y, years
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Figure 1: PRISMA flow diagram

Figure 2: Bias assessment risk

Figure 3: Bias assessment risk
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Figure 4: Risk of Bias VISualization

Figure 5: Risk of Bias VISualization

tumors before surgery
•	 Patients with a previous history of cancer

Collection of data
For each study, data were extracted regarding publication 
year, study duration, demographic characteristics, and rele-
vant clinical variables, including:
•	 Smoking history
•	 Cardiac disease
•	 Arterial hypertension
•	 Chronic obstructive pulmonary disease (COPD)
•	 Cerebrovascular disease (CVD)

Additional parameters such as radiation exposure, number 
of reinterventions, and non-cancer causes of death (e.g., car-
diovascular mortality) were also collected when available. Sta-
tistical comparisons focused on cancer incidence, cancer-re-
lated mortality, and overall mortality between EVAR and OR 
groups. Where available, hazard ratios (HR) and confidence 
intervals (CI) were recorded.

Weighted outcome analysis
Outcome measures were analyzed using study-size weight-
ed pooling, where event counts were derived from each 
study’s sample size and reported event rate. Weighted pooled 

proportions were compared between EVAR and OR using 
two-proportion z-tests with 95 % confidence intervals (CIs). 
Demographics and baseline comorbidities were summarized 
descriptively and not weighted. Statistical significance was de-
fined as p < 0.05.

RESULTS
A total of 710 articles were initially identified through the lit-
erature search. After screening titles, abstracts, and full texts, 
six studies fulfilled the inclusion criteria and were selected for 
final analysis. 

Baseline Demographics and Comorbidities
These comprised a total of 67,866 patients (85% male), with 
a mean age of 72.9 ± 1.5 years. There was no significant age 
difference between EVAR and OR groups (p = 0.42). Among 
the included population, 48.4% (n=32,880) underwent EVAR, 
while 51.6% (n=34,986) underwent OR. The average follow-up 
period across studies was 10.6 years (range 1.8-15.8 years).

Baseline characteristics were largely comparable between 
the EVAR and OR groups, although some differences were 
noted. Pulmonary disease was reported in 20.1% of EVAR pa-
tients compared to 18.2% of OR patients. The DREAM trial was 
the only study providing detailed smoking data, reporting a 
prevalence of 64.2% among EVAR patients and 55.1% among 
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those undergoing OR.
Other comorbid conditions were common across both 

groups. Hyperlipidemia occurred in 33.1% of EVAR patients 
versus 26.6% of OR patients, while diabetes mellitus was 
observed in 16.7% and 9.9%, respectively. Similarly, cardio-
vascular disease was recorded in 13.1% of EVAR and 9.1% of 
OR patients. Cerebrovascular disease affected 9.1% of EVAR 
patients but only 1.4% of those who underwent open repair. 
Arterial hypertension was prevalent in over half of EVAR pa-
tients (53.1%), compared with 42% of those treated with OR 
(Table 3).

Follow-Up and Reinterventions
The duration of follow-up varied across studies, with the 
EVAR-1 trial providing the longest observation period (up to 
15.8 years). The overall mean follow-up across studies was 
approximately 10.6 years, sufficient to capture late events, in-
cluding secondary malignancies and late mortality.

Follow-up duration varied among studies, with the longest 
follow-up reported in the EVAR-1 trial (15.8 years). Reinter-
vention rates were significantly higher after EVAR than open 
repair (26.4% vs 15.2%, p < 0.001), largely due to graft-relat-
ed complications such as endoleak, device migration, or limb 
occlusion. (Table 4). This finding was consistent across the 
EVAR-1, DREAM, and OVER trials and remains a well-recog-
nized trade-off between the lower perioperative risk of EVAR 
and its higher long-term maintenance burden.

Mortality Outcomes
Overall mortality was significantly higher in the EVAR group, 
with a weighted rate of 40.6% (95% CI 39.7-41.5) compared 
with 35.1% (95% CI 34.1-36.2) in the OR group. The absolute 
difference of 5.5% (95% CI 4.3-6.7) was statistically significant 
(p < 0.001). This finding, while partly influenced by the large 
Ettengruber cohort,7 remained robust across all included stud-
ies. (Table 5).

Two of the largest randomized controlled trials - EVAR-1 
and OVER - provided detailed long-term follow-up beyond 
eight years. Both demonstrated a trend toward increased 
late-onset cancer mortality in the EVAR group, although nei-
ther achieved statistical significance. In EVAR-1, cancer ac-
counted for 28% of deaths in the EVAR group compared to 
20% in the OR group (p = 0.09), while in OVER, the respective 
rates were 24.8% and 22.4% (p = 0.27).

Cancer Incidence and Type
For any cancer, pooling the two studies that report overall 
incidence7,8 yielded a higher weighted incidence after EVAR 
(25.97%, 95% CI 25.46-26.48) compared with open repair 
(22.95%; 95% CI, 22.5-23.4), corresponding to an absolute dif-
ference of 3.01% (95% CI, 2.3-3.7; p < 0.001).

Subgroup analyses from the Markar et al. study8 provided 
further insight into the relationship between imaging surveil-
lance and cancer risk. When comparing EVAR patients who 
underwent routine CT follow-up with those who did not, the 

Table 3: Percentage of Co-morbidities in each study, NS=not specified

Trial / Senior 
Author

Cardiac 
Disease 
History 

(EVAR/ΟR%)

Cerebrovascular 
disease (EVAR/

ΟR%)

Hypertension 
(EVAR/ΟR%)

Diabetes 
Mellitus 

(EVAR/ΟR%)

Pulmonary 
Disease 

(EVAR/ΟR%)

Hyperlipidemia 
(EVAR/ΟR%)

Tobacco 
Smoking 
(EVAR/
ΟR%)

Evar-1 Trial, Patel4 NS NS NS NS NS NS NS
Over Trial, Lederle5 NS NS NS NS NS NS NS
Dream Trial, Bruin6 41.0/46.6 14.5/15.2 58.4/54.5 10.4/9.6 27.7/18.5 47.0/52.6 64.2/55.1

Markar8 12.6/10.5 10.5/8.1 NS 16.2/11.5 26.3/20.3 NS NS
Ettengruber7 13.3/8.9 7.6/1.9 53.1/41.6 17.2/11.1 13.9/10.1 32.9/25.6 NS

Meuli19 NS NS NS NS NS NS NS
EVAR, Endovascular Aortic Repair; OR, Open Repair

Table 4: Follow-up period, number of reinterventions and type of cancer examined in each study.

Trial / Senior 
Author

Maximum
Follow-Up

Period (Years)

Mean Follow-Up 
Period (Years)

Median Follow-
Up Period

(Years)

Range Follow-Up 
Period
(Years)

No of re-
interventions
(EVAR/ΟR%)

Type of Cancers
Examined

Evar-1 Trial, Patel4 15.8 12.7 12.4 1.8-15.8 26.2/11.8 Lung
Over Trial, Lederle5 14.2 8.4 9.4 5.7-11.2 26.7/19.8 All
Dream Trial, Bruin6 7 NS 6.4 5.2-8.2 27.8/16.9 All

Markar8 7 NS 2.45 0.56-4.76 NS Lung, Abdominal
Ettengruber7 9 6.4 NS NS NS Abdominal

Meuli19 12.5 NS 8.3 8.1-8.5 NS Solid tumor,
Lymphoma

EVAR, Endovascular Aortic Repair; OR, Open Repair; NS, Not Specified
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incidence of abdominal cancer was virtually identical (10.3% 
vs. 10.8%, p = 0.21), suggesting that CT surveillance itself was 
not an independent risk factor in this cohort. However, over-
all freedom from cancer was slightly lower among patients 
undergoing CT follow-up (77.5%) compared to those without 
(74.1%), a difference that did not reach significance (p = 0.14) 
(Table 6).

Lung and abdominal cancer were the predominant can-
cer types reported after AAA repair. When the EVAR-14 and 
Markar8 cohorts were combined in a weighted analysis, 
lung-cancer mortality was slightly higher after EVAR (6.7%; 
95% CI, 6.3-7.1) than after open repair (5.7%; 95% CI, 5.4-6.0), 
an absolute difference of 0.98% (95% CI, 0.5-1.5) that reached 
statistical significance (p < 0.001). Although significant when 
pooled, this difference remained modest and was not signif-
icant within the individual studies (Table 7). Abdominal can-
cers - particularly hepatic, gastric, and colorectal - showed 
a more consistent association with EVAR. The multivariable 
analysis within the Markar cohort8 demonstrated that EVAR 
was associated with a 14% increased risk of abdominal cancer 
(HR 1.14; 95% CI, 1.03-1.27; p = 0.02) and a 9% higher overall 
cancer incidence (HR 1.09; 95% CI, 1.02-1.17; p = 0.01) com-
pared with open repair.

However, more contemporary large-scale studies, includ-
ing that of Meuli et al. (2025), have not confirmed a significant 

difference in cancer incidence between patients undergoing 
endovascular versus open aneurysm repair. Specifically, the 
study evaluated a secondary endpoint and found no differ-
ence in 10-year incidence of solid malignant tumors between 
OSR and EVAR (OSR: 18.6% vs EVAR: 20.5%; P=0.35) in their 
weighted analysis.

DISCUSSION
This pooled analysis of more than 67,000 patients provides 
contemporary evidence on long-term outcomes after end-
ovascular (EVAR) versus open abdominal aortic aneurysm 
repair (OR). Although baseline characteristics were broadly 
comparable, EVAR patients exhibited slightly higher rates of 
cardiopulmonary comorbidities, reflecting selection of high-
er-risk individuals for the endovascular approach. Advancing 
age inherently increases the likelihood of genetic mutations, 
and shared risk factors -particularly smoking and chronic ob-
structive pulmonary disease (COPD) - may predispose these 
patients to both diseases.10,17

The most novel aspect of this analysis concerns the po-
tential association between EVAR and increased cancer in-
cidence. When data from Markar8 and Ettengruber7 were 
pooled, EVAR was associated with a 3% absolute increase in 
overall cancer incidence (25.9% vs 22.9%, p<0.001).7,8 These 
observations raise important questions regarding possible eti-

Table 5: Overall mortality in FU, overall cancer mortality and late cancer mortality after 8 years

Trial / Senior Author Overall Mortality
EVAR/ΟR (%)

Overall 
mortality 

p-value (ΗR)
EVAR/ΟR

Overall Cancer 
Mortality

EVAR/ΟR (%)

Overall cancer 
mortality p-value 

(ΗR)
EVAR/ΟR

Cancer mortality 
after 8 years
ΕVAR/ΟR(%)

Evar-1 Trial, Patel4 466(74)/444(71) 0.14(1.1) 126(20.1)/ 123(19.6) 0.53(1.09) 50(28)/31(20)
Over Trial, Lederle5 302(68)/306(70) 0.61(0.96) 80(18)/85(19.5) NS 41(24.8)/37(22.4)
Dream Trial, Bruin6 60(33.8)/58(33.6) NS 18(10.1)/18(10.4) NS NS

Markar8 NS NS 2595(18)/3670(14.7) NS NS
Ettengruber7 6625(46.6)/2383(52.0) NS 2800(19.7)/958(20.9) NS NS

Mueli19 38(1.3)/233(6.6) NS NS NS NS
EVAR, Endovascular Aortic Repair; OR, Open Repair; NS, Not Specified; FU, follow-up

Table 6: Freedom from cancer of cancer patients over the years of follow-up in Markar Study. There is comparison in overall 
freedom between the two groups as well as freedom from CT and non-CT surveillance

Time 
(years)

Overall freedom from
Abdominal Cancer

(EVAR/ΟR%)

Overall freedom from all 
types of cancer (EVAR/

ΟR%)

Freedom from Abdominal 
Cancer with EVAR

(CT/ΝΟΝ-CT%)

Freedom from overall 
Cancer with EVAR

(CT/ΝΟΝ-CT%)

0 100/100 100/100 100/100 100/100
1 98.3/98.7 96.5/97 98.0/98.0 96.0/95.9
2 96.9/97.4 93.2/93.9 96.3/96.6 92.3/92.4
3 95.6/96.0 90.1/90.7 94.7/95.7 88.7/90.1
4 94.3/94.8 86.2/87.3 93.0/94.3 84.6/87.4
5 92.8/93.3 84.0/82.7 90.8/92.3 80.5/82.5
6 91.2/91.9 81.1/80.9 89.7/89.2 78.3/80.3
7 90.5/90.6 78.1/77.9 87.8/89.2 77.5/74.1

EVAR, Endovascular Aortic Repair; OR, Open Repair; CT, Computed Tomography
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ologic mechanisms, including chronic inflammation from the 
implanted endograft, local hemodynamic or ischemic effects, 
and repeated radiation exposure from postoperative imaging. 

Radiation exposure from intraoperative fluoroscopy and 
postoperative CT surveillance remains a key concern in EVAR 
patients11,12,13 Arterial hypertension, present in 53.1% of EVAR 
cases, often requires higher contrast doses, indirectly increas-
ing radiation exposure - a recognized stochastic carcinogen-
ic risk.18 Although standard EVAR involves modest radiation, 
repeated CT follow-up markedly increases cumulative expo-
sure.19 Monte Carlo models estimate that about one-third of 
lifetime cancer risk after EVAR arises from combined pre-, in-
tra-, and postoperative imaging. 20 More intensive CT regimens 
(biannual vs. annual) nearly double attributable cancer risk. 
While Markar et al.8 found no significant difference in cancer 
incidence among patients undergoing CT surveillance, recent 
dosimetric studies confirm that cumulative exposure remains 
clinically relevant.21 Organ-specific analyses show that the 
liver, stomach, and colon receive the highest doses, though 
related cancer mortality remains below 0.1%. Bone marrow 
exposure—mainly from fluoroscopy—may contribute most to 
long-term stochastic effects.12,22

The present analysis benefits from inclusion of large ran-
domized trials with extended follow-up, ensuring adequate 
power to detect late events. However, heterogeneity in study 
design, imaging protocols, and cancer ascertainment methods 
introduces potential bias. The lack of granular data on smoking 
history, radiation dose, and cancer subtype limits mechanistic 
interpretation. Additionally, despite adjustment in individual 
studies, residual confounding cannot be excluded.

This review has several limitations. It was not a formal 
meta-analysis; results were derived from sample-size weight-
ing without adjustment for study heterogeneity. Reported 
p-values are descriptive and should be interpreted cautious-
ly. Included studies varied in design, population risk, and fol-
low-up protocols, with incomplete data on confounders such 
as smoking, radiation dose, and cancer type. Direct quantifi-
cation of radiation exposure was not possible, and publication 
bias cannot be excluded.

CONCLUSION
In conclusion, long-term data indicate that while EVAR re-
mains less invasive and initially safer than open repair, it car-
ries a greater burden of reinterventions and possibly higher 
late mortality. The observed association between EVAR and 
increased cancer incidence is modest, inconsistent across 
studies, and likely multifactorial. Ongoing surveillance of con-

temporary EVAR cohorts, particularly with modern low-dose 
imaging protocols, is essential to clarify whether these associ-
ations persist in current practice.
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