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Increased Incidence of Cancer  
in Japanese Patients with Critical Limb Ischemia
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Objective: This multicenter observational study was con-
ducted in order to investigate the incidence of cancer in 
patients with critical limb ischemia.
Materials and Methods: We prospectively investigated 
the incidence of cancer in 68 patients with critical limb 
ischemia over a two-year period. Patients underwent an 
intensive examination at enrollment, which included tumor 
marker levels and chest and abdominal computed tomog-
raphy, as well as one- and two-year follow-up examinations. 
We compared the observed incidence of cancer with the 
expected incidence calculated from national cancer rates by 
the standardized incidence ratio (SIR).
Results: The majority (83.6%) of the patients were men, 
and 92.5% of the patients had a peripheral arterial disease 
that was classified as Fontaine stage III or IV. During enroll-
ment, newly diagnosed cancers were detected in seven 
patients. Four additional cancers were detected during the 
follow-up period. All of the detected cancers were asymp-
tomatic. We observed an increased risk of cancer (SIR, 4.04; 
95% confidence interval, 1.31–9.42) in patients with critical 
limb ischemia.
Conclusion: This study suggests that critical limb ischemia 
is associated with an increased risk of cancer. Our findings 
should be taken into serious consideration by future inves-
tigators considering the use of therapeutic angiogenesis.
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Introduction
Critical limb ischemia (CLI) is a severe form of peripheral 
arterial disease that results in markedly reduced blood 
flow to the lower extremities. Although revascularization 
is considered to be the optimal treatment for CLI, large 
surveys suggest that only half of CLI patients will undergo 
some type of revascularization and that 40% of patients 
who do not undergo effective revascularization will lose 
their leg(s) within six months.1)

Therapeutic angiogenesis using angiogenic cytokines or 
bone marrow mononuclear cells is being investigated as 
a potential treatment.2–10) It is expected to serve as a use-
ful option, especially for CLI patients who are not good 
candidates for any form of revascularization. The goal of 
therapeutic angiogenesis is the growth and proliferation 
of collateral vessels in the ischemic tissue. Theoretically, 
therapeutic angiogenesis can promote unexpected adverse 
angiogenesis or pathogenic angiogenesis, resulting in an 
increased incidence of cancer. Consequently, past clinical 
studies of therapeutic angiogenesis excluded patients with 
a previous or current history of cancer. In those cases, 
the incidence of cancer was used as a clinical endpoint to 
evaluate the safety of the treatment.6,9,10) Although the in-
cidence of cancer is an important concern with therapeutic 
angiogenesis, the incidence of cancer unrelated to this 
treatment in CLI patients remains unknown.

Materials and Methods
Patients
Nineteen surgical departments in Japan participated in 
this study. Patients were required to be older than 40 
years, to have been diagnosed with CLI at the first con-
sultation, and to have agreed to participate in this study 
within 12 weeks after their first consultation. We excluded 
patients with a previous or current history of cancer or a 
contraindication for the contrast agent. Written informed 
consent was obtained from all subjects, ensuring anony-
mous participation. This study was approved by an ethics 
committee at each institution. Sixty-eight CLI patients 
were enrolled in the study between September 7, 2007 and 
January 18, 2011. The follow-up period was two years.

Cancer detection
Patients underwent examinations for cancer detection 
at enrollment and one and two years following enroll-
ment. Examinations included tumor marker levels (CEA, 
CA19-9, PIVKA-2, DUPAN-2, Elastase, PSA-ACT, 
CA125, SCC), chest and abdominal computed tomogra-
phy with contrast agent, fecal occult blood, uric occult 
blood, and gastroscopy. Female patients also underwent 
mammography and cytology of the cervix.

Statistical analysis
We calculated the age-related standardized incidence ratio 
(SIR) and treated patients with CLI as a cohort. The num-
ber of expected cancer cases was computed using the na-
tional cancer rates in Japan as the standard. We adjusted 
for sex and age in five-year age groups. The SIR and the 
corresponding 95% confidence intervals (CIs) were cal-
culated using the standard method of dividing observed 
cases by expected cases and the standard error. To inves-
tigate the risk factors for cancer, patients’ characteristics 
were entered into the Cox univariate analysis. The factors 
found to be significant in the univariate analysis and sex 
were entered into the multivariate Cox regression analy-
sis. Survival curves were plotted using the Kaplan–Meier 
method. Statistical analyses were performed with SAS 
software version 9.3 (SAS Institute Inc., Cary, NC, USA).

Results
Table 1 presents patient characteristics and the extent of 
their peripheral arterial disease at enrollment. The major-
ity of the 68 patients (83.6%) were men. The median age 
was 70, and the median disease duration was 242 days. 
Current smokers accounted for 44.8% of patients, while 
35.8% had a history of smoking and 25.4% had a family 

Table 1 Patient characteristics at the time of enrollment 
(N=68)

Characteristics

Male (%) 83.6
Age (y)* 70.0 (45.0–89.0)
Disease duration (d)* 242.0 (15.0–3687.0)
Smoking status (%)

Current 44.8
Past 35.8
None 11.9

Family history of cancer (%) 25.4
Medical history (%)

Hypertension 80.6
Dyslipidemia 26.9
Diabetes 65.7
Coronary artery disease 29.9
Cerebrovascular disease 22.4

Fontaine classification (%)
1 4.5
2a 0.0
2b 3.0
3 13.4
4 79.1

Ankle–brachial index* 0.47 (0.00–1.25)
History of revascularization (%) 67.2
History of major or minor amputation (%) 26.9

*Data are expressed as median (minimum–maximum).
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history of malignancy. Patients’ medical histories included 
hypertension, dyslipidemia, diabetes, coronary artery dis-
ease, and cerebrovascular disease (Table 1). Although all 
patients were diagnosed with CLI at the first consultation, 
some patients had undergone revascularization before en-
rollment. The majority of their peripheral arterial diseases 
(92.5%) were classified as Fontaine stage III or IV. Among 
the patients, 67.2% had a history of revascularization and 
26.9% had a history of major or minor amputation. No 
patients had experienced therapeutic angiogenesis.

At the baseline, newly diagnosed cancer was detected in 
seven of the 68 patients. Thirty-nine patients underwent 
the one-year examination. Between the initial examination 
and the one-year examination, two patients were diag-
nosed with cancer, nine patients had died, and ten patients 
dropped out from the follow-up. Twenty-seven patients 
underwent the two-year examination. Between the one-
year examination and the two-year examination, two pa-
tients were diagnosed with cancer, three patients had died, 
and nine patients dropped out from the follow-up (Fig. 1). 
All of the cancers detected were asymptomatic. Three 
gastric cancers, a hepatocellular carcinoma, a lung cancer, 
a pancreatic cancer, and a uterine cancer were detected in 
the first examination. A skin cancer and a hepatocellular 
carcinoma were detected between the initial examination 
and the one-year examination. A tongue cancer and a sar-
coma in the buttocks were detected between the one-year 
and the two-year examinations. The SIR calculated from 

national cancer rates in Japan was 4.04 with a 95%CI of 
1.31–9.42. Tables 2 and 3 show the results of the univari-
ate and multivariate Cox regression analyses. The ages of 
the patients and their medical history of cerebrovascular 
disease were independent risk factors for cancer. Because 
there was no incidence of cancer in patients who had 
never smoked, we evaluated the influence of smoking on 
cancer incidence with a pooled logistic analysis instead of 
the Cox regression analysis. The pooled logistic analysis 
showed that patients who were current or past smokers 
had an odds ratio of 1.847 (95%CI, 0.380–infinity) for 
developing cancer.

Twelve patients died during the follow-up period. The 
cumulative survival rates with a 95%CI were 0.82 (0.69–
0.90) at one year and 0.797 (0.66–0.88) at two years. The 
causes of death are shown in Table 4. None of the patients 
died as a result of cancer.

Fig. 1 The number of patients from enrollment to the two-year 
examination.

Table 2 Results of the univariate Cox analysis

Variables Hazard ratio 95%CI P value

Sex 0.610 0.13–2.91 0.54
Age 1.090 1.01–1.18 0.04
Disease duration 1.359 0.39–4.68 0.63
Family history of cancer 1.200 0.31–4.66 0.79
Medical history of

Hypertension 0.430 0.13–1.48 0.18
Dyslipidemia 0.240 0.03–1.87 0.17
Diabetes 0.560 0.17–1.85 0.34
Coronary artery disease 0.220 0.03–1.71 0.15
Cerebrovascular disease 3.770 1.13–12.52 0.03

CI: confidence interval

Table 3 Results of the multivariate Cox analysis

Variables Hazard ratio 95%CI P value

Sex 0.859 0.18–4.19 0.85
Age 1.101 1.01–1.20 0.03
Medical history of  

cerebrovascular disease
4.376 1.27–15.05 0.02

CI: confidence interval

Table 4 Causes of death

Condition No. of patients

Sepsis 3
Heart failure 2
Pulmonary embolism 1
Acute coronary syndrome 1
Hyperkalemia 1
Intestinal bleeding 1
Pneumonia 1
Renal failure 1
Unknown/sudden death 1
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Discussion
There has been a rapid development in therapeutic an-
giogenesis using angiogenic cytokines or bone marrow 
mononuclear cells.2–10) Angiogenic cytokines include a 
vascular endothelial growth factor, hepatocyte growth 
factor, fibroblast growth factor, and granulocyte macro-
phage colony-stimulating factor.4,6–10) These cytokines 
are administered to ischemic tissue as a protein or a gene. 
However, in patients with peripheral arterial disease clas-
sified as Fontaine stage II, the benefit of therapeutic an-
giogenesis remains controversial.4,6,8) Nevertheless, several 
randomized controlled trials have reported reductions in 
the risk of major amputation in CLI patients who undergo 
therapeutic angiogenesis.5,9,10)

Although revascularization is the optimal treatment 
for CLI patients, therapeutic angiogenesis is expected 
to become a treatment option for patients who cannot 
undergo any form of revascularization or for whom past 
revascularization attempts have failed. Therapeutic angio-
genesis can potentially promote unexpected angiogenesis 
or pathogenic angiogenesis, especially in the presence of 
a malignant tumor. Although a past or current history 
of cancer has been an exclusion criterion in past clinical 
studies, there is still concern over the potential presence 
of a tumor too small to be detected at the start of the 
treatment. At least three reported randomized controlled 
trials using different angiogenic cytokines have evaluated 
the incidence of cancer during the follow-up period.6,9,10) 
In these studies, the incidence of cancer did not differ sig-
nificantly between the angiogenic cytokine group and the 
placebo group. However, due to the small sample sizes and 
the short follow-up periods, the influence of therapeutic 
angiogenesis on the incidence of cancer remains unclear. 
We have determined that the cancer incidence in CLI 
patients should serve as an indispensable natural history 
for future clinical studies of therapeutic angiogenesis. Few 
past studies have focused on the cancer incidence in CLI 
patients. To the best of our knowledge, ours is the first 
prospective observational study evaluating the cancer risk 
in CLI patients through intensive examinations to detect 
asymptomatic cancers.

In this study, we found an increased risk of cancer in 
CLI patients. It is especially noteworthy that 10% of 
patients were diagnosed with cancer at enrollment. In the 
clinical management of CLI patients, the possibility of 
occult cancer should always be taken into consideration. 
An extensive screening examination should be considered, 
especially when a patient plans to undergo therapeutic 
angiogenesis.

The age and medical history of cerebrovascular disease 
in these patients were independent risk factors for cancer. 
However, the significance of a history of cerebrovascular 

disease remains unknown.
As previously reported, the prognosis of patients with 

CLI is poor.11–14) In this study, the prognosis was indepen-
dent of cancer. It is unclear whether aggressive detection 
of cancer in CLI patients will contribute to an improved 
prognosis.

This study has several limitations, including possible 
bias emerging from differences in the methods of cancer 
detection, a lack of knowledge of the characteristics of the 
control population, and our small sample size. Nineteen 
of 68 patients dropped out before the end of the study. A 
high number of dropouts could have affected our results. 
In this study, annual screening examinations were sched-
uled and all of the cancers detected were asymptomatic. 
However, only a part of the control population underwent 
periodic screening examinations. Moreover, data regard-
ing the number of symptomatic cancers in the control 
population was not available. Additionally, cancer and 
atherosclerosis share some common risk factors such as 
smoking. In this study, the characteristics of the control 
population were not available, so we could not elaborate 
on why the cancer risk increased in CLI patients.

Conclusion
In conclusion, CLI appears to be associated with an 
increased risk of cancer. The increased risk of cancer in 
CLI patients should caution future investigators who are 
considering using therapeutic angiogenesis on this patient 
population.

Acknowledgments
We would like to thank all the investigators and staffs of 
the following institutions participated in this study, espe-
cially, Nobuyoshi Azuma of Asahikawa Medical Univer-
sity Hospital, JR Sendai Hospital, Daisuke Akagi and Juno 
Deguchi of Saitama Medical Center, Hisaki Umezawa of 
Nihon University Itabashi Hospital, Hiroyoshi Komai of 
Tokyo Medical University Hospital, Takuya Hashimoto 
of The University of Tokyo Hospital, Toshifumi Kudo of 
Medical Hospital of Tokyo Medical and Dental Univer-
sity, University of Yamanashi Hospital, Masao Tadakoshi 
of Aichi Medical University Hospital, Yuji Kubo, Eiichi 
Tejima, Hisao Masaki, and Atsushi Tabuchi of Kawasaki 
Medical School Hospital, National Kyushu Medical Cen-
ter, Katsuaki Magishi and Noriyuki Shimizu of Nayoro 
City General Hospital, Makio Moriya and Yuji Nishida 
of National Hospital Organization Kanazawa Medical 
Center, Higashi Takarazuka Satoh Hospital, and Tetsuya 
Nishimura of Okamura Hospital and National Hospital 
Organization Nagasaki Medical Center.



186 Annals of Vascular Diseases Vol. 12, No. 2 (2019)

Akai A, et al.

Funding
Comprehensive Support Project for Clinical Research of 
Lifestyle-Related Disease (CSP-LD) of the Public Health 
Research Foundation.

Disclosure Statement
Maeda received lecture fees from Bayer Yakuhin, Ltd. 
Nishibe received honoraria from Daiichi Sankyo, Ltd. 
Tanemoto received a donation from Senko Medical In-
strument Mfg. Co., Ltd. The remaining authors disclose 
no conflicts of interest.

Author Contributions
Study conception: HS
Data collection: all authors
Analysis: AA
Investigation: all authors
Writing: AA
Funding acquisition: HS
Critical review and revision: all authors
Final approval of the article: all authors
Accountability for all aspects of the work: all authors

References
 1) Norgren L, Hiatt WR, Dormandy JA, et al. Inter-Society 

Consensus for the Management of Peripheral Arterial 
Disease (TASC II). J Vasc Surg 2007; 45 Suppl S: S5-67.

 2) Annex BH. Therapeutic angiogenesis for critical limb isch-
aemia. Nat Rev Cardiol 2013; 10: 387-96.

 3) Tateishi-Yuyama E, Matsubara H, Murohara T, et al.; 
Therapeutic Angiogenesis using Cell Transplantation (TACT) 
Study Investigators. Therapeutic angiogenesis for patients 
with limb ischaemia by autologous transplantation of bone-
marrow cells: a pilot study and a randomised controlled 
trial. Lancet 2002; 360: 427-35.

 4) Lederman RJ, Mendelsohn FO, Anderson RD, et al. 

Therapeutic angiogenesis with recombinant fibroblast growth 
factor-2 for intermittent claudication (the TRAFFIC study): 
a randomised trial. Lancet 2002; 359: 2053-8.

 5) Matoba S, Tatsumi T, Murohara T, et al. Long-term clinical 
outcome after intramuscular implantation of bone mar-
row mononuclear cells (Therapeutic Angiogenesis by Cell 
Transplantation [TACT] trial) in patients with chronic limb 
ischemia. Am Heart J 2008; 156: 1010-8.

 6) Rajagopalan S, Mohler ER 3rd, Lederman RJ, et al. Regional 
angiogenesis with vascular endothelial growth factor in 
peripheral arterial disease: a phase II randomized, double-
blind, controlled study of adenoviral delivery of vascular 
endothelial growth factor 121 in patients with disabling 
intermittent claudication. Circulation 2003; 108: 1933-8.

 7) Kim HJ, Jang SY, Park JI, et al. Vascular endothelial growth 
factor-induced angiogenic gene therapy in patients with pe-
ripheral artery disease. Exp Mol Med 2004; 36: 336-44.

 8) van Royen N, Schirmer SH, Atasever B, et al. START Trial: 
a pilot study on STimulation of ARTeriogenesis using sub-
cutaneous application of granulocyte-macrophage colony-
stimulating factor as a new treatment for peripheral vascular 
disease. Circulation 2005; 112: 1040-6.

 9) Powell RJ, Simons M, Mendelsohn FO, et al. Results of a 
double-blind, placebo-controlled study to assess the safety 
of intramuscular injection of hepatocyte growth factor plas-
mid to improve limb perfusion in patients with critical limb 
ischemia. Circulation 2008; 118: 58-65.

10) Nikol S, Baumgartner I, Van Belle E, et al. Therapeutic an-
giogenesis with intramuscular NV1FGF improves amputa-
tion-free survival in patients with critical limb ischemia. Mol 
Ther 2008; 16: 972-8.

11) Garcia LA. Epidemiology and pathophysiology of lower 
extremity peripheral arterial disease. J Endovasc Ther 2006; 
13 Suppl 2: II3-9.

12) Dormandy J, Heeck L, Vig S. The fate of patients with criti-
cal leg ischemia. Semin Vasc Surg 1999; 12: 142-7.

13) Bailey CM, Saha S, Magee TR, et al. A 1 year prospective 
study of management and outcome of patients presenting 
with critical lower limb ischaemia. Eur J Vasc Endovasc Surg 
2003; 25: 131-4.

14) Bertelè V, Roncaglioni MC, Pangrazzi J, et al. Clinical out-
come and its predictors in 1560 patients with critical leg 
ischaemia. Chronic Critical Leg Ischaemia Group. Eur J Vasc 
Endovasc Surg 1999; 18: 401-10.

http://dx.doi.org/10.1016/j.jvs.2006.12.037
http://dx.doi.org/10.1016/j.jvs.2006.12.037
http://dx.doi.org/10.1016/j.jvs.2006.12.037
http://dx.doi.org/10.1038/nrcardio.2013.70
http://dx.doi.org/10.1038/nrcardio.2013.70
http://dx.doi.org/10.1016/S0140-6736(02)09670-8
http://dx.doi.org/10.1016/S0140-6736(02)09670-8
http://dx.doi.org/10.1016/S0140-6736(02)09670-8
http://dx.doi.org/10.1016/S0140-6736(02)09670-8
http://dx.doi.org/10.1016/S0140-6736(02)09670-8
http://dx.doi.org/10.1016/S0140-6736(02)09670-8
http://dx.doi.org/10.1016/S0140-6736(02)08937-7
http://dx.doi.org/10.1016/S0140-6736(02)08937-7
http://dx.doi.org/10.1016/S0140-6736(02)08937-7
http://dx.doi.org/10.1016/S0140-6736(02)08937-7
http://dx.doi.org/10.1016/j.ahj.2008.06.025
http://dx.doi.org/10.1016/j.ahj.2008.06.025
http://dx.doi.org/10.1016/j.ahj.2008.06.025
http://dx.doi.org/10.1016/j.ahj.2008.06.025
http://dx.doi.org/10.1016/j.ahj.2008.06.025
http://dx.doi.org/10.1161/01.CIR.0000093398.16124.29
http://dx.doi.org/10.1161/01.CIR.0000093398.16124.29
http://dx.doi.org/10.1161/01.CIR.0000093398.16124.29
http://dx.doi.org/10.1161/01.CIR.0000093398.16124.29
http://dx.doi.org/10.1161/01.CIR.0000093398.16124.29
http://dx.doi.org/10.1161/01.CIR.0000093398.16124.29
http://dx.doi.org/10.1038/emm.2004.44
http://dx.doi.org/10.1038/emm.2004.44
http://dx.doi.org/10.1038/emm.2004.44
http://dx.doi.org/10.1161/CIRCULATIONAHA.104.529552
http://dx.doi.org/10.1161/CIRCULATIONAHA.104.529552
http://dx.doi.org/10.1161/CIRCULATIONAHA.104.529552
http://dx.doi.org/10.1161/CIRCULATIONAHA.104.529552
http://dx.doi.org/10.1161/CIRCULATIONAHA.104.529552
http://dx.doi.org/10.1161/CIRCULATIONAHA.107.727347
http://dx.doi.org/10.1161/CIRCULATIONAHA.107.727347
http://dx.doi.org/10.1161/CIRCULATIONAHA.107.727347
http://dx.doi.org/10.1161/CIRCULATIONAHA.107.727347
http://dx.doi.org/10.1161/CIRCULATIONAHA.107.727347
http://dx.doi.org/10.1038/mt.2008.33
http://dx.doi.org/10.1038/mt.2008.33
http://dx.doi.org/10.1038/mt.2008.33
http://dx.doi.org/10.1038/mt.2008.33
http://dx.doi.org/10.1177/15266028060130S204
http://dx.doi.org/10.1177/15266028060130S204
http://dx.doi.org/10.1177/15266028060130S204
http://dx.doi.org/10.1053/ejvs.2002.1817
http://dx.doi.org/10.1053/ejvs.2002.1817
http://dx.doi.org/10.1053/ejvs.2002.1817
http://dx.doi.org/10.1053/ejvs.2002.1817
http://dx.doi.org/10.1053/ejvs.1999.0934
http://dx.doi.org/10.1053/ejvs.1999.0934
http://dx.doi.org/10.1053/ejvs.1999.0934
http://dx.doi.org/10.1053/ejvs.1999.0934

