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Abstract
Purpose  The influence of cancer development on long-term outcome after lower extremity bypass surgery in patients with 
critical limb threatening ischemia was investigated.
Methods  Patient survival and cancer incidence were recorded for 21,082 patients with peripheral artery disease (PAD) stage 
III (n = 5631; 26.7%) and stage IV (n = 15,451; 73.3%) registered with the AOK health insurance company in Germany who 
underwent infrainguinal bypass surgery. All patients were preoperative and in their history cancer-free.
Results  After a median follow-up of 44 months, 25.6% of all patients developed cancer (Kaplan–Meier estimated), with 
no significant differences between patients with PAD stage III and IV (cancer incidence stage III 25.7%, stage IV 25.5%; 
p = 0.421). In the Cox regression analysis, male gender (HR 1.885; 95% CI 1.714–2.073, p < 0.001) and age over 70 years 
(HR 1.399; 95% CI 1.285–1.522, p < 0.001) were significant risk factors for the development of cancer. Survival was sig-
nificantly lower in stage IV (23.4%) compared to stage III (44.5%) (HR 1.720; 95% CI 1.645–1.799, p < 0.001). Cancer was 
a significant risk factor for overall survival in PAD stage III patients (HR: 1.326; 95% CI 1.195–1.471, p < 0.001) but not in 
PAD stage IV (HR 0.976; 95% CI 0.919–1.037, p = 0.434).
Conclusion  Patients with PAD stage III have significantly better survival after infrainguinal bypass surgery compared to 
patients with stage IV. While cancer incidence was essential for survival in stage III, it was of no importance in stage IV.

Keywords  Infrainguinal bypass · Peripheral artery disease · Fontaine classification · Critical limb threatening ischemia · 
Cancer · Survival

Introduction

The present study focuses on the long-term survival of 
patients with critical limb threatening ischemia (CLTI) who 
underwent elective bypass surgery. The aim is to examine 
the cancer incidence in these patients, for which there is 
very limited data available. While it is known that patients 
with peripheral artery disease (PAD) share similar risk fac-
tors with those having coronary artery disease or stroke 
(atherosclerosis, diabetes) and that cardiovascular death is 
therefore the leading cause of death among them [1], PAD 
patients may also have an increased risk of cancer due to 
smoking. However, the specific impact of cancer on the sur-
vival of bypass patients has not been investigated. Independ-
ent of interventional or surgical therapy, Sartipy et al. [2] 
examined long-term mortality in various stages of PAD in 

a Swedish cohort study involving 5080 individuals. In their 
study, 10-year mortality correlated with PAD stage and was 
significantly higher compared to the reference group (27% 
mortality rate there). Mortality accounted for 56% in asymp-
tomatic PAD patients, 63% in patients with intermittent clau-
dication (IC), and 75% in patients with severe limb ischemia. 
Myocardial infarction at 28% and stroke at 26% were the 
most common causes of death. Cancer posed a significantly 
lower mortality risk in PAD patients (15%) and was not 
increased compared to the reference group—being even 
lower in symptomatic patients than in asymptomatic ones, 
likely due to competitive risks [3]. Therefore, the aim of this 
cohort study was to assess the long-term cancer incidence 
in initially cancer-free patients with infrainguinal bypasses. 
The study aimed to examine whether CLTI patients differ 
in cancer incidence and long-term survival depending on 
the PAD Fontaine stages III, rest pain, and stage IV, ulcer, 
gangrene. While there have been smaller case series on the 
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outcomes of patients with active cancer who underwent 
bypass revascularization [4–6], this question has not been 
investigated in primarily cancer-free patients so far.

Material and methods

In this retrospective study, anonymized data from the nation-
wide AOK health insurance in Germany were analyzed. The 
dataset comprised a total of 21,082 patients who under-
went elective infrainguinal bypass surgery for CLTI due to 
PAD stage III (n = 5631; 26.7%) or stage IV (n = 15,451; 
73.3%) between January 1, 2010, and December 31, 2015. 
All patients were initially cancer-free, patients with cancer 
diagnosed before bypass-surgery were excluded from the 
study. In these patients no cancer-specific ICD-codes prior to 
surgery were found. Patients with PAD stage III were com-
pared to those with stage IV in terms of general patient char-
acteristics, comorbidities, perioperative and postoperative 
outcomes, and malignancy incidence and survival rates. The 
relevant medical information for this analysis was collected 
based on recorded ICD-10 (International Classification of 
Diseases, Tenth Revision) and OPS (Surgical Procedures 
Coding System) codes. The ICD-Codes were I70.22 (from 
2010 to 2014) and I70.23 (from 2015 to 2018) for PAD stage 
III and I70.23 and I70.24 (from 2010 to 2014) and I70.24 
and I70.25 (from 2015 to 2018) for PAD stage IV. The 
OPS-Codes were 5–393.53, 5–393.54, 5–393.55, 5–393.56, 
5–393.61, and 5–393.62. The codes used for cancer analysis 
were C00-C26, C30-C34, C37-C41, C43, C45-C58, C60-
C85, C88, and C90-C97. Additionally, abdominal cancers 
were separately analyzed using codes C15-25, C54-56, C61-
C62, C64-C67, and C74, as indicated by Markar et al. [7]. 
The follow-up period ended for all patients on December 31, 
2018. Patients with PAD stage III were followed up for an 
average of 53 ± 30 months, while patients with PAD stage IV 
were followed up for an average of 40 ± 31 months.

Statistical analysis

Patient information from the AOK datasets was consoli-
dated and analyzed using SPSS software (IBM Deutschland 
GmbH, Ehningen, Germany). To assess differences between 
comparison groups, the chi-square test was used for nomi-
nal and categorical variables. The independent samples t 
test was used for metric variables. Kaplan–Meier analysis 
and the log-rank test were used to compare survival times 
and cancer incidence. Univariate Cox regressions were per-
formed to analyze the influence of patient characteristics 
and comorbidities on long-term survival and on cancer inci-
dence. Parameters showing significant influence (p < 0.05) 
were subsequently included in a multivariate Cox regression 
analysis. The significance level was set at p < 0.05.

Results

Patients

Patient characteristics and comorbidities are presented in 
Table 1. Of the total patients, 13,386 (63.5%) were male 
and 7696 (36.5%) were female. The average age of male 
patients at the time of surgery was 69.9 years (median 
71), while that of female patients was 76.7 years (median 
78) (p < 0.001). Patients with PAD stage III (n = 5631) 
had an average age of 69.9 years (median 71), whereas 
patients with PAD stage IV (n = 15,451) had an average 
age of 73.3 years (median 75) (p < 0.001). Hypertension 
was present in 53% of PAD stage IV patients compared to 
50.8% of stage III patients (p = 0.006). Additionally, diabe-
tes mellitus (34.9% vs. 23.2%), stage III–V chronic kidney 
disease (21.0% vs. 12.4%), and left heart failure (19.3% vs. 
12.2%) were significantly more common in patients with 
PAD stage IV.

Cancer incidence

After a follow-up period of up to 9 years, 25.6% of all 
patients developed a cancer (Kaplan–Meier estimated), 
with no significant differences observed between patients 
with PAD stage III and IV (cancer incidence stage III 
25.7%, stage IV 25.5%; p = 0.421) (Table 2). This find-
ing also applied to the incidence of abdominal cancers 
(stage III 11.1%, stage IV 11.6%; p = 0.531). Postopera-
tive cancer incidence was significantly higher in males at 
30.3% compared to females at 16.4% (p < 0.001). The most 
commonly cancers found in men and women are listed in 
Table 3. Furthermore, the cancer incidence between PAD 
stage III and IV patients did not significantly differ with 
respect to kind of cancer (Table 4).

In the Cox regression analysis, male gender (HR 1.885; 
95% CI 1.714–2.073, p < 0.001) and age over 70 years (HR 
1.399; 95% CI 1.285–1.522, p < 0.001) were significant 
risk factors for the development of cancer. COPD was also 
associated with a significantly increased risk of cancer 
(HR 1.397; 95% CI 1.236–1.578, p < 0.001). However, 
PAD stage IV vs. III was not associated with a higher risk 
of overall or abdominal cancer incidence (Table 5).

Patient survival

The patient survival, stratified by PAD stage, is shown in 
Fig. 1. At the end of the observation period, an estimated 
survival rate of 44.5% was observed in patients with PAD 
stage III, compared to only 23.4% in patients with stage 
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IV (p < 0.001). Additionally, the PAD stage had a nega-
tive impact on survival in the multivariate Cox regression 
model (stage IV (vs. III) HR 1.720; 95% CI 1.645–1.799, 
p < 0.001).

Factors influencing survival in PAD stage III and IV are 
shown in Table 6. The presence of cancer was a significant 
risk factor for survival in PAD stage III (HR: 1.326; 95% CI 
1.195–1.471, p < 0.001) but not for PAD stage IV (HR 0.976; 
95% CI 0.919–1.037, 0.434). Age had a negative influence 

on survival in stage III (HR 2.076; 95% CI 1.899–2.268, 
p < 0.001) and IV (HR 1.923; 95% CI 1.836–2.015, 
p < 0.001). In contrast, gender did not significantly impact 
survival. For more detailed information, see Table 6.

The survival of PAD III patients with and without can-
cer is given in Fig. 2. Up to 32 months, both groups did 
not differ significantly in survival (without cancer (76.7%), 
with cancer (77.3%); p = 0.718). However, thereafter, the 
survival of cancer-free patients was better than that of 

Table 1   Characteristics, comorbidities, and perioperative outcomes of primary cancer-free patients with PAD stage III and IV (entire study 
cohort)

Chronic kidney disease stage 3–5 glomerular filtration rate less than 60 ml/min/1.73 m2

PAD peripheral artery disease, TIA transient ischemic attack, CHD coronary heart disease, COPD chronic obstructive pulmonary disease

Patients (n = 21,082) PAD stage III, n (%) (n = 5631) PAD stage IV, n (%) (n = 15,451) p-value

Patient characteristics and comorbidities
  Men, n (%) 3606 (64%) 9780 (63.3%) 0.324
  Women, n (%) 2025 (36%) 5671 (36.7%) 0.324
  Age, MW ± SD in months, median (min–max) 69.9 ± 10.5, 71 (19–101) 73.3 ± 10.5, 75 (22–101)  < 0.001
  Age men, MW ± SD in months, median (min–max) 67.5 ± 9.9, 68 (19–96) 70.8 ± 9.9, 72 (22–99)  < 0.001
  Age women, MW ± SD in months, median (min–max) 74.1 ± 10.2, 75 (27–101) 77.7 ± 9.8, 79 (34–101)  < 0.001
  CHD, n (%) 1263 (22.4%) 3593 (23.3%) 0.216
  Myocardial infarction, n (%) 581 (10.3%) 1753 (11.3%) 0.038
  Cerebral infarction, n (%) 237 (4.2%) 636 (4.1%) 0.757
  Intracerebral hemorrhage, n (%) 9 (0.2%) 39 (0.3%) 0.255
  TIA, n (%) 113 (2%) 269 (1.7%) 0.199
  Arterial hypertension, n (%) 2863 (50.8%) 8186 (53%) 0.006
  Dyslipoproteinaemia, n (%) 1800 (32%) 4458 (28.9%)  < 0.001
  Diabetes mellitus, n (%) 1309 (23.2%) 5387 (34.9%)  < 0.001
  COPD, n (%) 648 (11.5%) 1805 (11.7) 0.733
  Left heart failure, n (%) 688 (12.2%) 2988 (19.3%)  < 0.001
  Chronic kidney disease, n (%) 697 (12.4%) 3247 (21%)  < 0.001

Perioperative outcome
  Length of hospital stay, mean ± SD in days, median (min–max) 18.9 ± 13.7, 15 (1–217) 29.4 ± 21.8, 23 (0–298)  < 0.001
  Perioperative mortality, n (%) 247 (4.4%) 1562 (10.1%)  < 0.001

Table 2   Cancer incidence in 
patients with PAD stage III and 
IV at the end of follow-up (all 
patients were cancer-free at the 
time of surgery)

PAD peripheral artery disease

Patients PAD stage III, % 
(n = 5631)

PAD stage IV, % 
(n = 15,451)

p-value

Cancer incidence 25.7% 25.5% 0.421
Cancer incidence in patients < 70 years 22.9% 24.2% 0.405
Cancer incidence in patients > 70 years 26.9% 26.3% 0.902
Cancer incidence in men 30.2% 30.3% 0.799
Cancer incidence in women 16.9% 15.9% 0.311
Abdominal cancer incidence 11.1% 11.6% 0.531
Abdominal cancer incidence in patients < 70 years old 9.1% 9.6% 0.897
Abdominal cancer incidence in patients > 70 years old 13.2% 13% 0.850
Abdominal cancer incidence in men 14.6% 14.5% 0.712
Abdominal cancer incidence in women 4.5% 5.9% 0.051
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patients with cancer, with an estimated survival rate of 
47.1% vs. 30.8% after 9 years.

In PAD stage IV, there was no difference in survival 
up to 63 months after the procedure between cancer and 
cancer-free patients (37.5% vs. 38.1%). Not before the end 
of follow-up at 108 months, a slightly better survival was 
observed in patients without cancer (24.7% vs. 15.9%) 
(Fig. 3).

Discussion

In the present study, patients with PAD stage III showed 
a significantly better survival than patients with stage IV 
after infrainguinal bypass surgery, with survival rates of 
44.5% vs. 23.4% after a follow-up of up to 9 years post-
operatively. Comparative data on the long-term outcome 

Table 3   Cancer incidence at the 
end of the observation period 
(December 31, 2018) by gender 
(percentage based on Kaplan–
Meier estimates). Details for 
cancers with an incidence of 
more than 50 patients are given

Cancer (total) Men, n (%) (n = 13,386) Women, n (%) 
(n = 7696)

p-value

Lung (n = 638) 524 (9%) 114 (3.9%)  < 0.001
Colon (n = 304) 231 (3.8%) 73 (1.8%)  < 0.001
Renal pelvis and bladder (n = 249) 211 (3.5%) 38 (0.9%)  < 0.001
Skin (n = 239) 180 (4.2%) 59 (1.8%) 0.001
Prostate (n = 204) 204 (3.5%) 0  < 0.001
Lip, oral cavity, and pharynx (n = 193) 172 (2.9%) 21 (0.6%)  < 0.001
Breast and gynecological cancers (n = 129) 9 (0.1%) 120 (3.6%)  < 0.001
Lymphoma (n = 108) 72 (1.1%) 36 (1.2%) 0.733
Oesophagus (n = 93) 83 (1.4%) 10 (0.3%)  < 0.001
Pancreas (n = 84) 60 (1.1%) 24 (0.7%) 0.222
Stomach (n = 83) 59 (1.3%) 24 (0.6%) 0.251
Leukaemia (n = 79) 50 (0.7%) 29 (1%) 0.743
Liver and gall bladder (n = 72) 63 (1.1%) 9 (0.3%)  < 0.001
Sinus, middle ear, larynx, trachea (n = 72) 65 (1.5%) 7 (0.2%)  < 0.001
Kidneys (n = 65) 48 (0.7%) 17 (0.5%) 0.133
Secondary (n = 1003) 793 (14.3%) 210 (6.5%)  < 0.001
Others (n = 342) 263 (4.7%) 79 (2.5%)  < 0.001

Table 4   Cancer incidence at 
the end of the observation 
period (December 31, 2018) by 
PAD-stage (percentage based 
on Kaplan–Meier estimates). 
Details for cancers with an 
incidence of more than 50 
patients are given

Cancer (total) PAD stage III, n (%) 
(n = 5631)

PAD stage IV, n (%) 
(n = 15,451)

p-value

Lung (n = 638) 224 (6.9%) 414 (7.5%) 0.171
Colon (n = 304) 87 (3.1%) 217 (3.1%) 0.165
Renal pelvis and bladder (n = 249) 81 (2.7%) 168 (2.6%) 0.955
Skin (n = 239) 66 (3.5%) 173 (3.1%) 0.087
Prostate (n = 204) 70 (2.4%) 134 (2.2%) 0.554
Lip, oral cavity and pharynx (n = 193) 57 (2.2%) 136 (2%) 0.408
Breast and gynecological cancers (n = 129) 43 (1.6%) 86 (1.2%) 0.788
Lymphoma (n = 108) 36 (1.4%) 72 (1.0%) 0.822
Oesophagus (n = 93) 30 (1%) 63 (1%) 0.978
Pancreas (n = 84) 34 (1.1%) 50 (0.9%) 0.122
Stomach (n = 83) 24 (0.7%) 59 (1.2%) 0.454
Leukaemia (n = 79) 19 (0.8%) 60 (0.8%) 0.128
Liver and gall bladder (n = 72) 23 (0.6%) 49 (0.9%) 0.883
Sinus, middle ear, larynx, trachea (n = 72) 22 (0.6%) 50 (1.4%) 0.739
Kidneys (n = 65) 17 (0.5%) 48 (0.6%) 0.326
Secondary (n = 1003) 329 (11.3%) 674 (11.9%) 0.970
Others (n = 342) 81 (3%) 161 (3%) 0.900
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of patients undergoing lower extremity bypass are scarce, 
which may be due to the increasing use of endovascular 
procedures for CLTI. In perhaps the most extensive study, 
Feinglass et al. [8] reported on 28,128 patients from Cali-
fornia who underwent infrainguinal bypass between 1996 
and 1999, with a median follow-up of 62 months. In 38.5% 
of cases, patients had ulcers or gangrene, but the outcome 
with respect to PAD stages was not further investigated. 
Feinglass et al. reported an amputation-free survival of 
34.1% after 9  years for the entire cohort. In a pooled 

analysis of 50 studies (28,517 patients), Rollins et al. [9] 
reported a mortality rate of 46.2% for CLI patients after 
5 years, and after 3 years, the odds of dying were sig-
nificantly higher in patients with tissue loss (OR 27.47) 
compared to patients with rest pain (OR 0.33). Therefore, 
the significantly higher risk of mortality in CLI patients 
with PAD stage IV compared to stage III in the present 
study is not surprising.

In the cohort presented here, approximately 25% of 
patients undergoing infrainguinal bypass developed cancer 
in the long term, regardless of PAD stage. Cancer incidence 
had a negative impact on survival only in patients with 
PAD stage III (HR: 1.326; 95% CI 1.195–1.471, p < 0.001), 
but not in patients with PAD stage IV (HR 0.976; 95% CI 
0.919–1.037, 0.434), which can be explained by the presence 
of competitive cardiovascular risks in stage IV.

There are no comparable numbers available. Nicolajsen 
et al. [10] reported on 7840 patients with acute arterial 
thrombosis, among whom cancer was diagnosed in 30.4% 
(2384 patients). However, the majority of cancers occurred 
before the endovascular or surgical intervention, and only 
815 (10.4%) patients were observed to develop cancer 
more than 24 months after hospital treatment. Since the 

Table 5   Hazard ratio (HR) and proportional hazard model (multivari-
ate analysis) for cancer incidence

PAD peripheral artery disease, HR hazard ratio, CI confidence inter-
val, COPD chronic obstructive pulmonary disease

Covariates HR 95% CI p-value

Men (vs. women) 1.885 1.714–2.073  < 0.001
Age > 70 (vs. < 70) years 1.399 1.285–1.522  < 0.001
PAD stage IV (vs. stage III) 1.035 0.951–1.127 0.422
Diabetes mellitus 0.861 0.786–0.943 0.001
COPD 1.397 1.236–1.578  < 0.001

Fig. 1   Survival of patients with critical limb-threatening ischemia after lower extremity bypass surgery, stratified by PAD stage III and IV 
(Kaplan–Meier estimated). Overall cohort, no distinction was made between patients with and without cancer
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study primarily included patients with a pre-existing his-
tory of cancer, the survival rates cannot be compared with 
the present study. Nicolajsen reported a median survival of 
3.42 years for cancer patients vs. 4.21 years in the cancer-
free control group.

The risk of cancer in patients with lower extrem-
ity arterial thrombosis was analyzed by Sundbøll et al. 
[11] in a Danish cohort study involving 6600 patients. 
They reported a risk of 2.5% for any type of cancer after 
6 months, which increased to 17.9% in this cohort after 

Table 6   Hazard ratio (HR) 
and proportional hazard model 
(multivariate analysis) for 
overall survival

Chronic kidney disease stage III–V glomerular filtration rate below 60 ml/min/1.73 m2

PAD peripheral artery disease, HR hazard ratio, CI confidence interval COPD chronic obstructive pulmo-
nary disease, TIA transient ischemic attack, CAD coronary artery disease

Covariates HR 95% CI p-value HR 95% CI p-value
PAD stage III PAD stage IV

Men (vs. women) 1.064 0.977–1.159 0.152 1.000 0.960–1.042 1.000
Age > 70 (vs. < 70) 2.076 1.899–2.268  < 0.001 1.923 1.836–2.015  < 0.001
Cancer 1.326 1.195–1.471  < 0.001 0.976 0.919–1.037 0.434
Arterial hypertension 1.055 0.955–1.166 0.289 0.940 0.896–0.986 0.011
Left heart failure 1.530 1.349–1.736  < 0.001 1.400 1.323–1.480  < 0.001
CAD 0.938 0.831–1.059 0.300 1.017 0.959–1.078 0.582
Myocardial infarction 1.092 0.946–1.261 0.228 1.078 1.006–1.156 0.032
Cerebral infarction 1.207 0.992–1.469 0.060 1.253 1.138–1.380  < 0.001
TIA 1.364 1.050–1.771 0.020 0.959 0.827–1.111 0.574
Dyslipoproteinaemia 0.829 0.745–0.922  < 0.001 0.858 0.816–0.903  < 0.001
COPD 1.358 1.205–1.531 0.001 1.303 1.228–1.383  < 0.001
Chronic kidney disease 1.784 1.591–2.001 0.001 1.522 1.444–1.604  < 0.001
Diabetes mellitus 1.153 1.043–1.275 0.006 1.064 1.016–1.114 0.008

Fig. 2   Survival of PAD stage III patients after lower extremity bypass surgery. Distinction was made between patients with and without cancer
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20 years. The most common cancers found were lung 
cancer (n = 888), colon cancer (n = 323), urinary tract and 
bladder cancer (n = 289), and gender-specific prostate can-
cer (n = 365) and breast cancer (n = 298). The conclusion 
was that patients with arterial thrombosis have a higher 
risk of cancer than the general population, particularly for 
smoking-related cancers. The possibility of cancer screen-
ing for this population was discussed. Villemur et al. [12] 
also suggested cancer screening for patients with PAD due 
to their increased risk of cancer compared to the general 
population.

The long-term prognosis of patients undergoing infrain-
guinal bypass surgery in relation to cancer incidence, and 
whether this differs between patients with PAD stage III and 
IV, has not been investigated so far. Png et al. [13] focused 
on thrombosis of femoropopliteal bypasses in patients with 
occult cancer. An occult cancer was defined as a cancer that 
occurred within the first year after bypass surgery. Such 
cancer was detected in 5.8% of cases (621 bypasses in 517 
patients). Patients with occult cancer had significantly higher 
bypass occlusion rates compared to the control group at 
3 months (27.8% vs. 8.0%), 6 months (30.5% vs. 15.1%), and 
1 year (44.4% vs. 19.8%). However, there was no significant 
difference in survival after 1 year between patients with and 
without occult cancer. The present study did not allow for an 

analysis of bypass occlusion rates. Occult cancer occurred 
in 2.8% of patients (595 cases).

In the study by Nicolajsen et al. [10], the most common 
cancers observed among the 815 postoperative cases were 
lung and mediastinal cancer (21.6%), skin and soft tissue 
cancer (17.6%), gastrointestinal cancer (16.8%), and urogen-
ital cancer (13.4%). This is largely consistent with the obser-
vations made here (Table 3). The fact that lung cancer, as 
a typical smoking-associated cancer, ranked first was to be 
expected given the association between smoking and PAD. 
Furthermore, Bintein et al. [14] demonstrated in a meta-
analysis of the literature that the incidence of lung cancer in 
PAD patients is approximately 3%, which is not only higher 
than what is found in lung cancer screening studies but also 
higher than the incidence observed in smokers and former 
smokers in general.

An important advantage of the present study was the 
opportunity to compare the cancer incidence after infrain-
guinal bypass surgery with that in patients undergoing 
abdominal aortic aneurysm (AAA) repair using the same 
observation period and data source (AOK cohort). Etten-
gruber et al. [15] reported a cancer incidence of 29.5% 
after 9 years in primarily cancer-free patients who under-
went elective endovascular (EVAR) or open repair (OAR) 
for AAAs, which was significantly higher than the findings 

Fig. 3   Survival of PAD stage IV patients after lower extremity bypass surgery. Distinction was made between patients with and without cancer
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presented here. The patients with AAA were similar in age 
to the CLTI patients, but their survival was significantly 
better with 53.4% (OAR) and 48% (EVAR) at the end of 
follow up compared to 44.5% in patients with PAD stage 
III and only 23.4% in patients with PAD stage IV in the 
present study. In cancer patients, the estimated survival 
rate was 30.8% for PAD stage III and 15.9% for PAD stage 
IV (p < 0.001), compared to an estimated survival rate 
of 27.6% after EVAR and 25.7% after OAR. Both, after 
treatment for AAA and bypass surgery, the postoperative 
cancer incidence was significantly higher in men than in 
women.

A retrospective single-center analysis identified patients 
with AAA, cancer, and radiation therapy. In this study, both 
infield and outfield radiation exposure were associated with 
reduced AAA growth [16]. Markar et al. [7] speculated 
that specifically abdominal cancers occur more frequently 
after EVAR compared to OAR, and this could be explained 
by increased radiation exposure during EVAR (during the 
procedure and in follow-up). Ettengruber et al. [15] and 
the present study strictly followed the criteria provided by 
Markar et al. to analyze the tumors, in order to verify their 
findings. Ettengruber et al. also observed an increased risk of 
abdominal cancers after EVAR compared to OAR, with an 
abdominal cancer incidence of 17.4% after EVAR and 12.9% 
after OAR (p < 0.001). Considering that the incidence of 
abdominal cancers was 11.1% in patients with PAD stage III 
and 11.6% in PAD stage IV (p = 0.531), which is even lower 
than after OAR, this supports the assumption that patients 
with EVAR have an increased risk of abdominal cancer.

This study has limitations: the completeness of the data-
sets depends on the coding quality of individual hospitals 
and the documentation by the health insurance company; 
coding errors cannot be ruled out. The data reflect the patient 
clientele of one health insurance company, and its social 
structure and may not necessarily represent the treatment 
situation for the entire population in Germany. However, 
the AOK is the largest health insurance company with a 
market share of 37%. Due to the anonymity of the datasets, 
the treating hospitals and their case volumes could not be 
captured. Furthermore, causes of death and amputation rates 
could not be determined. Cancer stage was also not reported 
in the given dataset; therefore, cancer stage-related incidence 
and survival could not be specified. Nevertheless, this study 
reports for the first time on cancer incidence and long-term 
survival after infrainguinal bypass surgery for critical limb 
threatening ischemia. One strength of the study was that 
the survival of all patients could be assessed until the end 
of the follow-up period. Another strength was the ability to 
compare long-term outcomes and cancer incidence with an 
identical cohort of patients with AAA. Such a comparative 
study does not exist to date. Therefore, important conclu-
sions can be drawn.

Conclusion

•	 Patients with PAD stage III have a significantly better 
survival after lower extremity bypass surgery compared 
to patients with PAD stage IV. However, there were no 
differences in cancer incidence between the two groups.

•	 Men have a significantly higher cancer incidence than 
women, but there were no differences in long-term sur-
vival between the genders.

•	 Due to the poor prognosis of PAD stage IV, cancer inci-
dence plays a minimal role in survival after surgery for 
this stage.

•	 In stage III, patients with and without cancer differ sig-
nificantly in long-term survival after inguinal bypass sur-
gery. Therefore, cancer screening is advisable for these 
patients in case of bypass thrombosis.

•	 The relatively low rate of abdominal cancer in CLTI 
patients suggests a need for further investigation into the 
significantly higher rate of abdominal cancer after endo-
vascular AAA repair.
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