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Abstract: Digital ischemia associated with cancer (DIAC) is

increasing in frequency and recent reports have suggested the

concept of paraneoplastic manifestation. The aims of this study were

to characterize the clinical presentation of DIAC and identify clinical

features that could lead physicians to diagnose underlying cancer.

From January 2004 to December 2011, 100 patients were

hospitalized in the Department of Internal Medicine at Rouen

University Hospital, France for a first episode of DI. Fifteen (15%)

exhibited symptomatic or asymptomatic cancer during the year

preceding or following vascular episode and constituted the DIAC

group. Other patients without cancer made up the digital ischemia

(DI) group.

Median time between diagnosis of cancer and episode of digital

necrosis was 2 months [0.25–9]. Diagnosis of DI and concomitant

cancer was made in 7 of the 15 patients, while DI preceded the

malignant disorder in 2 cases and followed it in 6 cases. Histological

types were adenocarcinoma for 7 (46.7%), squamous cell carcinoma

for 4 (26.7%), and lymphoid neoplasia for 3 patients (20%). Six

patients (40%) had extensive cancer. Three patients were lost to

follow-up and 5 patients died <1 year after diagnosis of cancer.

Cancer treatment improved vascular symptoms in 6 patients (40%).

Patients with DIAC, compared to patients with DI, were significantly

older (56 years [33–79] vs 46 [17–83] P¼0.005), and had

significantly lower hemoglobin and hematocrit levels (12.7g/dL vs

13.9g/dL; P¼0.003 and 38% vs 42%; P¼0.003, respectively).

Patients with DIAC had a higher platelet rate (420 vs 300G/L

P¼ 0.01), and 6 patients with DIAC (40%) had thrombocytosis.

There was no difference between groups either in C-reactive protein

level (12mg/L vs 5mg/L; P¼0.08) or regarding cardiovascular risk

factors, presence of autoimmunity, or monoclonal protein.

This retrospective study suggests that DIAC may be more

prevalent than previously reported. Outcomes of the 2 diseases were

not strictly chronologically parallel. However, in the majority of

cases, treatment of the tumor resolved vascular involvement. Our

findings suggest that age >50 years and thrombocytosis should alert

physicians to consider a possible occult malignancy when digital

necrosis occurs.

(Medicine 93(10):e47)

Abbreviations: ANA = antinuclear antibodies, ANCA = anti-

neutrophil cytoplasmic antibodies, CRP = C-reactive protein, CT

scan = computed tomography-scanner, DI = digital ischemia,

DIAC = digital ischemia associated with cancer.

INTRODUCTION

Acral vascular syndromes mainly including digital ischemia
(DI), Raynaud’s phenomenon, or erythermalgia are fre-

quent causes of consultation or hospitalization in internal
medicine and dermatology (Table 1). Incidence of DI is 2
cases per 100,000 persons per year.1,2 Diagnosis is mainly
based on clinical symptoms, including pain, permanent digital
blanching or cyanosis, and desquamation or ulceration of the
fingers. Etiological investigations lead to separate acral vascu-
lar syndromes in idiopathic or secondary form, and according
to the acute or progressive onset of the acral syndrome,
different etiologies can be advanced. Main causes identified
are smoking, autoimmune connective tissue diseases (espe-
cially systemic sclerosis), vasculitis, and local injuries that is
hammer syndrome.3 Cancer is also known as a possible
etiology of acral vascular syndrome (Figures 1 and 2) with
specific clinical features (eg, trophic ulcers),4–9 leading to a
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TABLE 1. Main Acral Vascular Syndromes According to
Their Pathomechanisms

Mechanisms

Paroxysmal Vascular Syndrome
Raynaud’s phenomenon Vasoconstriction
Erythromelalgia Vasodilation
Acrocholose* Vasodilation

Permanent vascular syndrome
Acrocyanosis Vasoconstriction
Livedo Vasoconstriction
Acrorhigosis† Vasoconstriction
Palmoplantar erythrosis Vasodilation

Others
Chilblain Vasoconstriction
Spontaneous digital hematoma

* “Acrocholose” is a French term used to describe a condition
characterized by the permanent feeling of heat in the extremities.

†“Acrorhigosis” is a French term used to describe a condition
characterized by the permanent feeling of cold extremities with local
hypothermia without cyanosis.
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prevalence of paraneoplastic acral vascular syndromes ranging
from 2.2%–8% of cases.8,10–12 Surprisingly, data in the
literature regarding digital ischemia associated with cancer
(DIAC) contain essentially case reports and analysis of the
neoplasm implicated. Occurrence of DI may coincide, follow
or antedate diagnosis of cancer, or herald its recurrence.
Mechanisms of this phenomenon are not clear. Vasospasm,
overproduction of vasoconstrictor factors, intimal proliferation,
intraluminal thrombosis, vasculitis, immune complex, or drug
toxicity are the main hypothetic factors leading to DI.
Awareness that cancer can cause this nonmetastatic symptom
is important for early diagnosis and treatment of an occult
neoplasm and management of DI. Thus, better knowledge of
DIAC might be useful for physicians.

Therefore, the aim of our study was to characterize the
clinical presentation of DIAC and to identify clinical
particularities that could lead to the diagnosis of underlying
cancer in patients presenting DI. We report here the
experience of the Department of Internal Medicine at Rouen
University Hospital, France.

MATERIAL AND METHODS

Patients
In this retrospective cohort study, we consecutively

included patients hospitalized for DI in our Department of
Internal Medicine between January 2004 and December
2011. Inclusion criterion was a first episode of DI diagnosed
because of painful and permanent digital blanching, cyanosis,
or ulceration of the fingers. Exclusion criteria were past DI,
traumatic DI. Patients were classified in 2 subgroups, which
were analyzed and compared separately according to diagno-
sis of cancer. Neoplasia was systematically screened depen-
ding on clinical or biological abnormalities. Usually, all
patients underwent a thoracic and abdominal computed
tomography-scanner (CT scan) in addition to routine bio-
logical samples. Thus, patients with cancer diagnosed the
year before or after occurrence of DI constituted the DIAC
group, whereas other patients without cancer made up the DI
group. Both groups were evaluated using the same schedule.
Clinical assessment included age, sex, main cardiovascular
predisposing factors (hypertension, diabetes, dyslipidemia,
and tobacco), presence of Raynaud’s phenomenon preceding
DI episode, and treatment with oral antiplatelet agents,
vasodilator agents such as calcium channel blocker, or
buflomedil. Initial clinical evaluation was performed by
vascular physicians. Biological data reviewed were complete
blood count, C-reactive protein (CRP), blood protein electro-
phoresis, and immunologic markers [antinuclear antibodies
(ANA), antineutrophil cytoplasmic antibodies (ANCA)].
Thrombogenic factors, that is, cryoglobulin and antiphospho-
lipid (anticardiolipin and/or antibeta2glycoprotein antibodies,
IgG or IgM, presence of lupus anticoagulant) were also
collected. Results of nailfold capillary microscopy, Doppler
ultrasound examination of the upper limbs, and CT scan or
angiography were recorded when performed. Main vascular
therapies such as vasodilators, hypervolemic hemodilution,
prostacyclin analogs and sometimes surgical treatment (tho-
racic sympathectomy, amputation) were also collected.
Diagnosis of scleroderma was based on international classifi-
cation from Leroy et al13 while the diagnosis of thrombo-
angiitis obliterans was made according to the Olin’s
criteria.14

Treatment Efficacy
Response to treatment was analyzed according to

clinical criteria: complete healing, ulceration, gangrene,
amputation or relapse. Regarding cancer, we also assessed
disease free survival and absence of recurrence. Cure was
defined by the designated oncologist.

Group Comparison
The following parameters were compared in the DI and

DIAC groups: mean age and sex; predisposing cardiovascular
factors, Raynaud’s phenomenon, and treatment preceding DI;
laboratory features (hemoglobin rate, hematocrit, platelet
rate, CRP, immunologic markers, cryoglobulin, and mono-
clonal protein), and results of nailfold capillary microscopy,
Doppler ultrasound examination of the upper limbs, CT scan,
or angiography.

Statistical Analysis
For group comparison involving binary data, we used

chi square test or Fisher exact test, depending on expected

FIGURE 1. Digital ischemia in a patient with lung
adenocarcinoma.

FIGURE 2. Digital ischemia in patient with sclerodermia and
breast adenocarcinoma.
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cell count (more or <5, respectively). Comparisons involving
continuous data were performed using Mann Whitney test.
Significance level was set at P¼0.05. Statistical analysis was
conducted using StatView version 5.0.

Ethical Review
Patients were informed that some medical data could be

used in further medical publication with the strict respect of
their anonymous. An ethical review committee is not
necessary for this retrospective and exclusively observational
study.

RESULTS

Population
One hundred and thirty six files were reviewed, but

only 100 were analyzed because 36 patients had previous
manifestations of DI. (Figure 3).

General Characteristics of Patients
One hundred patients were finally analyzed. Median age

at onset of DI was 47.5 years [17–83]. Sex ratio was 1.7 (63
men and 37 women). Seventy-seven patients (77%) were
smokers (51 active), 7 (7%) were diabetics, 12 (12%) had
hypertension, and 13 (13%) had dyslipidemia. Twelve patients
(12%) had past symptomatic atherosclerosis (stroke, myo-
cardial infarction, peripheral arterial disease). Mean number of
cardiovascular risk factors was 1 and only 10 patients (10%)
had no cardiovascular risk factor. Thirty-nine patients (39%)
had Raynaud’s phenomenon preceding DI. Bilateral symptoms
were involved in 19 cases (19%). Positive autoimmunity was
found in 31 patients (31%), mostly ANA (n¼29) and
antiproteinase-3-ANCA (n¼2). Thrombogenic factors were
found in 7 patients (7%), including cryoglobulin in 3 cases (1
type I, 1 type II, and 1 type III), and paraprotein in 6 patients
(3 IgG Kappa, 1 IgG Lambda, 2 IgM Kappa). None of our
patients had significant antiphospholipid antibodies or lupus
anticoagulant.

Median hemoglobin rate was 13.75g/dL [8.3–18],
median hematocrit was 41% [23–52], median platelet rate
was 305G/L [140–947], and median value of CRP was
5 mg/L [5–80]. Regarding morphological data, capillaro-
scopic findings were abnormal for 18 patients (18%),
including 10 with systemic sclerosis presenting architectural
disorganization, megacapillaries, hemorrhages, and avascular
areas. The other 8 patients had unspecific microangiopathy,

mostly extravasations and dilatations of the venous segment.
Upper limb arterial Doppler and angiography were performed
in 50 and 13 cases respectively. Abnormalities were detected
in two thirds of patients who underwent ultrasound exami-
nation and in all patients who experienced angiography.
Arterial thrombosis (n¼31), digital arteritis (n¼7), decrease
in fingertip blood flow (n¼4), vasospasm (n¼1), and
thoracic outlet syndrome (n¼1) were the most frequent
abnormalities detected.

Prevalence of Cancer Related DI
Systemic sclerosis (10%), hypothenar hammer syndrome

(13%), thromboangiitis obliterans (22%), and atherosclerosis
(4%) were the most frequently related etiologies in the 100
patients hospitalized (Table 2). No etiology was found in 10
cases (10%). Fifteen patients (15%) were diagnosed with
cancer during the year preceding or following occurrence of
DI. Of these fifteen patients, only 3 were known to also have
scleroderma. Therefore prevalence of DI associated exclu-
sively with cancer was 12%.

DI With Cancer

General Characteristics
The 15 patients were 7 women and 8 men (sex ratio:

1.14), with a median age of 56 years [33–79]. Many patients
had 1 or more cardiovascular comorbidities: arterial hyper-
tension (n¼3, 20%), diabetes (n¼2, 13.3%), smoking
(n¼ 10, 66.7%), dyslipidemia (n¼1, 6.7%), and athero-
sclerosis (n¼4, 26.7%). Moreover, several patients were on
antiplatelet therapy (n¼7, 46.7%). Three patients had

36 had previous 
digital ischemia

136 digital ischemia

100 first episode of digital ischemia

85 patients = DI group 15 patients with cancer the year 

before or after the episode of digital 

ischemia = DIAC group

FIGURE 3. Flow chart of patients inclusion.

TABLE 2. Etiology of Digital Ischemia in Our Study and in the Literature

Carpentier PH2 Abdallah M11 Cailleux N12

2005 2010 1994
Etiology N = 278 N = 25 N = 45 Present Report

Scleroderma 74 (26%) 3 (12%) 0 10 (10%)
Hypothenar hammer syndrome 28 (10%) 0 5 (11%) 13 (13%)
Atherosclerosis 1 (1%) 4 (16%) 7 (16%) 4 (4%)
Thromboangiitis obliterans 46 (16.5%) 5 (20%) 6 (13%) 22 (22%)
Hyperviscosity 22 (8.6%) 2 (8%) 1 (2%) 2 (2%)
Embolic 24 (7.9%) 1 (4%) 4 (9%) 8 (8%)
Undetermined 11 (4%) 1 (4%) 5 (11%) 10 (10%)
Other 72 (26%) 7 (28%) 16 (36%) 19 (19%)
Cancer 0 2 (8%) 1 (2%) 12–15 (12–15%)
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scleroderma. One patient was on chemotherapy with carbo-
platin or gemcitabine.

Clinical Manifestations Related to DI
DI was mostly unilateral (n¼13, 86.7%) and toes were

never affected. Raynaud’s phenomenon preceded DI in about
half of cases (7 patients) and was frequently bilateral (n¼6).

Laboratory Tests and Other Investigations
Median hemoglobin and hematocrit rate were 12.7g/dL

[9.9–15.3] and 38% [31–45] respectively. Median platelet
rate was 420G/L [140–947] and 6 patients (40%) had
thrombocytosis (platelet rate higher than 450G/L), in this
subgroup median platelet rate was 601.5G/L [548–947],
whereas median CRP was 12mg/L [5–63]. Antinuclear
antibodies were found in 7 patients (46.7%), median titer
was 1:1280 [1:640–1:1280], mainly speckled pattern without
specificity. Two patients exhibited cryoglobulinemia, 1 type
I IgM Kappa and 1 type III (Table 3).

Nailfold capillary microscopy was performed in 14 of
the 15 patients and was often normal except in 5 patients
(35.7%), 3 of whom had known scleroderma with architec-
tural disorganization and megacapillaries. Upper limb arterial
Doppler or upper limb angiography was performed in 11 of
the 15 patients and showed abnormalities in about half of all
cases when performed (56.6%), which were mostly arterial
thrombosis (n¼4), or digital arteritis (n¼2). None of our
patients had histological investigation.

Associated Malignancies
Histological types of cancer were: adenocarcinoma for 7

patients (46.7%), including 2 lungs, 2 breasts, 1 colon, 1
stomach, and in 1 case prostate; squamous cell carcinoma for
4 patients (26.7%), including 2 cervices, 1 lung, and 1
larynx; melanoma for 1 patient (6.7%); and malignant
lymphoid neoplasia for 3 patients (20%). Six patients (40%)
had extensive cancer; 4 of them with metastasis and the
other 2 with neoplastic ascites.

In the DI group, only 1 patient (1.2%) was diagnosed
with cancer more than 1 year preceding DI: a 41-year old
woman with nonmetastatic breast adenocarcinoma. Diagnosis
was made 84 months prior to first episode of DI. Cancer was
cured on occurrence of DI, with diagnosis of thromboangiitis
obliterans.

Timing of Onset of Cancer
Median time between discovery of cancer and episode

of digital necrosis was 2 months [0.25–9]. Diagnosis of DI
and concomitant cancer was made in 7 patients (46.7%),
whereas DI preceded the malignant disorder in 2 cases and
followed it in 6 cases. Seven patients (46.7%) had systemic
symptoms of cancer including fever (n¼2), sweating (n¼2),
asthenia (n¼4), weight loss (n¼4), and symptoms asso-
ciated with tumor mass (n¼3).

Therapy and Follow-up
All patients were given vasodilators including calcium

channel blocker or buflomedil. Hypervolemic hemodilution
therapy was systematically performed to decrease hematocrit
level <35%. Prostacyclin analog therapy was administered in
7 patients. Four patients (26.7%) had amputation of the
finger, 2 (13.3%) before diagnosis of cancer and 2 (13.3%)
after diagnosis because of insufficient response to chemo-
therapy. Moderate improvement was reported in only 6
patients (40%). Median length of follow-up in the 15 patients
with DIAC was 28 months [4–118]. Three patients (20%)
were lost to follow-up and 5 (33.3%) died >1 year after
diagnosis of cancer. Associated cancer treatment improved
vascular symptoms in 6 patients (40%). Five patients
(33.3%) had no recurrence of DI after cure of cancer; 1
patient (6.7%) had no recurrence and is still followed for
multiple myeloma. Only 1 patient (6.7%) had other DI
relapses during follow-up despite cure of cancer but presence
of scleroderma.

Comparing DI With and Without Cancer
Patients with DIAC were significantly older than

patients in the DI group (56 years [33–79] vs 46 [17–83]
P¼0.005). There was no difference between groups regard-
ing sex ratio, smoking, diabetes, and other cardiovascular
risk factors. Nevertheless, patients in the DI group, were
more frequently treated by oral antiplatelet agents (P¼0.01),
although they no longer had atherosclerosis (P¼0.15).

Previous Raynaud’s phenomenon was not more frequent
in patients with DIAC but was more often unilateral without
significant difference with the DI group (Table 4).

There was no difference regarding presence of immuno-
logic markers, cryoglobulin or monoclonal protein. However,
patients with DIAC had significantly lower hemoglobin and
hematocrit levels than patients with DI (12.7g/dL vs 13.9 g/dL;
P¼0.003 and 38% vs 42%; P¼0.003 respectively). They

TABLE 3. Laboratory and Other Investigation Findings in 14
Patients With DIAC

N (%)
Finding N = 15

Laboratory findings, median:
Hemoglobin, g/dL 12.7 [9.9–15.3]
Hematocrit, % 38 [31–45]
Platelets, G/L 420 [140–947]
CRP, mg/L 12 [5–63]
Paraprotein 2 (13.3)
IgM light chain Kappa 1
IgG light chain Kappa 1

Antinuclear antibodies: 7 (46.7)
Centromere, n 1
Homogenous, n, titer 2 [1:640–1:1280]
Speckled, n, titer 3 [1:1280]
Nucleolar, n, titer 1 [1:1280]
Antigen specificity (SSA and SSB) 1

Cryoglobulinemia 2 (13.3)
Type I IgM light chain Kappa, mg/L 1 [7964]
Type III, mg/L 1 [660]

Nailfold capillary microscopy: 14
Normal 9 (64.3)
Megacapillaries 3 (21.4)
Unspecific microangiopathy 2 (14.3)

Upper limb Doppler or angiography 11 (73.3)
Normal 5 (45.4)
Arterial thrombosis 4 (36.4)
Digital arteritis 2 (18.2)

CRP¼C-reactive protein, DIAC¼Digital ischemia associated
with cancer.
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also had a higher platelet rate (420G/L vs 300G/L P¼0.01).
Moreover, 6 patients with DIAC (40%) had thrombocytosis
compared to 3 patients (3.5%) in the DI group (P<0.001).
Nevertheless, CRP level was not significantly different
(12 mg/L vs. 5mg/L; P¼0.08).

We failed to find any statistically significant difference
between groups regarding nailfold capillary microscopy,
upper limb arterial Doppler or upper limb angiography.

DISCUSSION
The major findings of the present study are that 15% of

patients exhibited symptomatic or asymptomatic cancer
during the year preceding or following vascular episode
mostly associated with thrombocytosis. DI associated with
cancer is uncommon but increasingly frequent, leading to the
concept of paraneoplastic manifestation. To our knowledge,
this current study is 1 of the largest retrospective series of
patients which assesses the association between DI and
cancer. Since the first described case of DI associated with

cancer,15 other studies have reported a prevalence of cancer
ranging between 2% and 8% (Table 2).11,12 Nevertheless,
populations were smaller and our report included only first
episode of DI from tertiary center recruitment in vascular
pathology, where prevalence of multiple comorbidities is
higher. Moreover, differences in prevalence could be
explained by the interval retained in our definition of DI
related to cancer. Indeed, some authors included in their
definition an interval ranging from 1 month to 2 years.16

Similarly, studies on the relationship between cancer and
other rheumatic diseases suggest that paraneoplastic syn-
dromes may either precede by 2 years, appear concurrently
with, or follow diagnosis of cancer.17 However, despite
differences in inclusion criteria between the studies, we
found an identical time course of occurrence of DI compared
to other studies. Thus, DI occurred before cancer in 13.3%
of cases and the majority of patients developed DI and
cancer simultaneously. As described by others, the clinical
course of DI was closely linked to evolution of the tumor.17

Indeed, 6 patients had considerable symptomatic improve-
ment after treatment of cancer, whereas 5 died >1 year after
diagnosis of cancer. These results are consistent with those
published by Poszepczynska-Guign�e et al, which showed that
definitive regression occurred with tumor removal in 50% of
cases and that the other half stabilized or worsened.18

Moreover, some patients have other risk factors for
developing DI. Thus, of the 15 patients with DIAC, 3 were
active smokers, 7 had already been smokers and 3 had
systemic sclerosis. Finally, only 4 patients (26.7%) did not
have scleroderma or had not been exposed to tobacco, 1 of
whom had undergone chemotherapy with carboplatin and
gemcitabine, known to induce vascular damage.19–22 This
result is slightly different from that of Chow et al in which
approximately two thirds of patients had no predisposing
factor for DI.16 Others drugs have been reported to induce
acral vascular syndrome (Table 5).23–27 However, variable
delay to onset and unknown prevalence make imputability
difficult to assess. Several studies have demonstrated an
increased frequency of cancer in patients with systemic
sclerosis.28,29 Launay et al showed that delay between onset
of systemic sclerosis and diagnosis of cancer was <12
months in 61.4% of cases.30 Anticancer therapy did not
improve systemic sclerosis in any of their patients. In our
study, diagnosis of both diseases was made simultaneously
in our 3 cases and anticancer therapy significantly reduced
sclerosis for 1 patient. Paraneoplastic scleroderma and
sclerodermiform syndrome has already been described.31 The
very short delay between onset of systemic sclerosis and
cancer is suggestive of a pathophysiological link.

Regarding cancer disease, DI was essentially associated
with adenocarcinoma (lung, breast and digestive) in 46.7%
of cases. Hematological malignancies were the second most
frequent type of cancer. Raimondo et al reported gastro-
intestinal cancer as the most common malignancy, followed
by lung, hematologic, and gynecologic neoplasia.32 In
addition, 40% of our patients with DI had metastatic
localizations. This result is similar to that of the French
cohort of 68 patients in which metastatic dissemination was
present in 41%.18

To date, no study has investigated the clinical or biological
profiles of patients with DI associated with cancer. Firstly, we
observe that patients with DIAC were older than patients
without cancer.11,33,34 This finding confirms that paraneoplastic
syndrome usually occurs in older patients.17 Secondly, history of

TABLE 4. General Characteristics and Comparison Between
DI Group and DIAC Group

Patients
With DI

Patients
With DIAC

Parameters N¼ 85 N¼ 15

Age, median, years 46 [17–83] 56** [33–79]
Women, n (%) 30 (35.3) 7 (46.7)
Tobacco, n (%) 67 (78.8) 10 (66.7)
Hypertension, n (%) 9 (10.6) 3 (20)
Diabetes, n (%) 5 (5.9) 2 (13.3)
Dyslipidemia, n (%) 12 (14.1) 1 (6.7)
Lower limb

arteriopathy, n (%)
2 (2.3) 2 (13.3)

Angor, n (%) 4 (4.7) 2 (13.3)
Stroke, n (%) 1 (1.2) 0
Atherosclerosis, n (%) 8 (9.4) 4 (26.7)
Platelet aggregation

inhibitors, n (%)
13 (15.3) 7* (46.7)

Beta blockers, n (%) 1 (1.2) 1 (6.7)
Calcium inhibitor, n (%) 12 (14.1) 2 (13.3)
Vasodilators, n (%) 6 (7.1) 0
Hematocrit, median,% 42 [23–52] 38** [31–45]
Hemoglobin, median, g/dL 13.9 [8.3–18] 12.7** [9.9–15.3]
CRP, median, mg/L 5 [5–80] 12 [5–63]
Platelets, median, G/L 300 [148–547] 420* [140–947]
Thrombocytosis, n (%) 3 (3.5) 6*** (40)
Paraprotein, n (%) 4 (4.7) 2 (13.3)
Autoimmunity, n (%) 24 (28.2) 7 (46.7)
Cryoglobulinemia, n (%) 1 (1.2) 2 (13.3)
Microangiopathy, n (%) 13 (15.3) 5 (33.3)
Doppler or

angiography, n (%)
47 (55.3) 6 (40)

Raynaud, n (%) 32 (37.6) 7 (46.7)
Bilateral ischemia, n (%) 17 (20) 2 (13.3)
Scleroderma, n (%) 7 (8.2) 3 (20)

CRP¼C-reactive protein, DI¼Digital ischemia, DIAC¼ Digital
ischemia associated with cancer.
*P< 0.05 versus DI.
**P< 0.01 versus DI.
***P< 0.001 versus DI.
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Raynaud’s phenomenon was present in 46.7% of patients before
onset of DI. This result is consistent with data suggesting that
spastic Raynaud’s phenomenon could precede development of
arterial obstruction33 and that its prevalence in acute digital
gangrene associated with cancer could reach 53% of cases.18

However, we failed to find any association between bilateral or
unilateral Raynaud’s phenomenon and DIAC. In the same way,
bilateral ischemia was not more frequent in patients with DIAC
compared to patients without cancer, while most published data
described bilateral and symmetric lesions.16 In our study, only 2
patients had bilateral ischemia suggesting that local mechanisms
are probably also implicated. Indeed, similar to Trousseau’s
syndrome, multiple mechanisms have been suggested to explain
digital ischemic symptoms in association with malignancy. First,
vasospasm, attributed to sympathetic hyperactivity caused by
metastatic tumor invasion of sympathetic nerves or by a
vasoconstrictive substance produced by the tumor cells, has been
suggested as the main mechanism of ischemia.15,18 In our study,
advanced tumors were found in nearly half of patients with poor
outcome in 33.3% of cases, suggesting high potential for
aggression. Second, thromboembolic mechanism by fragments
of the tumor has also been described in histological analysis
which showed fibrinoid necrosis of the vessels, intimal

proliferation and heterogeneous inflammatory cell infiltrates or
tissue necrosis with venous and/or arterial thrombosis.35,36

Hypothesis of an immunologic mechanism is supported in
literature by several arguments. First, arteritis may be related to
tumor antigen-antibody complexes with subsequent complement
activation in contact with the arterial wall.37 Secondly, positive
but nonspecific findings included elevated antinuclear antibodies
or abnormal cryoglobulin may be explained by a deficiency in
suppressor T cell function and proliferation of monoclonal B
lymphoid cells.38 Cryoglobulins is another important immune
mechanism leading to increased blood viscosity, complement
activation and leukocytoclastic vasculitis or intravascular depo-
sition of cryoproteins causing obliteration of the microvascular
space.39 In our study, 46.7% of patients with DIAC had positive
antinuclear antibodies and 13.3% had cryoglobulinemia (2
patients) supporting the hypothesis described above. In previous
reports, antinuclear antibodies were found in 24% of cases,
whereas cryoglobulinemia was detected in 13% of patients.18

Regarding, the frequency of positive antinuclear antibodies
in DIAC, we thought that Nailfold capillary microscopy could
add some informative data. Unfortunately, capillaroscopy was
often normal except in 5 patients and no additional information
was given by its result.

Finally, our finding in patients with DIAC, with a platelet
rate significantly higher than patients without cancer, supports
the hypothesis that state of hypercoagulability is the other main
mechanism involved in paraneoplastic ischemia. More inte-
restingly, 6 patients with DIAC (40%) had thrombocytosis,
which is an indirect parameter of hypercoagulability.40,41 Other-
wise, evidence suggests that cancer cells may induce a state of
hypercoagulability leading to increased risk of thrombosis.33,42,43

This study has some limitations, the major 1 is our
recruitment which is probably different from other centers. The
extensive investigations performed within 1 year after the
occurrence of DI could explain the high frequency of cancer as
compared to those previously published. However, in literature,
frequencies of cancer are probably more related to the
definition used to consider DI related to cancer rather than the
type of recruitment center. Therefore, according to classi-
fications, patients with DI receiving a chemotherapy for a
cancer, may be include in the cancer group or in the toxic
group because it is difficult to confirm which mechanism is the
most involved in the occurrence of DI (cancer or drugs?). This
is the same problematic with tobacco and cancer leading to a
great variation in the rate of DIAC. The second limitation is
the retrospective nature of the study, however, medical records
of DI are currently include in a register since 2008 which may
lead to a reduced bias of memory and of analysis.

CONCLUSION
There is increasing evidence that tumors may be associated

with DI. The pathogenesis of this association are partially
known. Cancer appears as an ischemia-triggering factor, since
the outcomes of the 2 diseases were not strictly chronologically
parallel. However, in the majority of cases, treatment of the
tumor resolved vascular involvement leading to the concept of
paraneoplastic syndrome. Specific signs including age >50 years
and thrombocytosis associated with DI should alert physicians to
considering possible occult malignancies.
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