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Abstract

Background: Diabetic foot wounds are usually chronic and prone to infection. As chronic wounds can induce various malignancies, and
malignancies can sometimes present as chronic wounds, the accurate diagnosis of concomitant skin malignancies requires careful atten-

tion. We report eight cases of skin malignancies presented with diabetic foot wounds.

Methods: Patients who were diagnosed with skin cancer after receiving diabetic foot management from January 2008 to October 2017 at
our diabetic foot clinic were selected for this retrospective study. Using an electronic chart review, patient data including age, sex, height,
weight, wound characteristics, related systemic diseases, biopsy results, and applied treatments were collected.

Results: A total of eight patients who had diabetic foot with concomitant skin malignancies were enrolled in a retrospective cohort study.
Conclusion: Wounds that fail to heal for extended periods should be reassessed via tissue biopsy to determine the underlying pathology.
We recommend that clinicians consider tissue biopsy for more cases of diabetic foot wounds that do not respond well to treatment.
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Introduction

Diabetic foot wounds are a devastating complication of diabetes, with a 5-year mor-
tality rate of 44% [1], and they significantly affect patients’ quality of life. The patho-
physiology of diabetic foot ulcers includes diabetic neuropathy and angiopathy. Dia-
betic neuropathy can interfere with the patient’s ability to detect the development or
recurrence of pressure ulcers on the plantar aspect of the metatarsal heads or heel [2],
while diabetic angiopathy causes ischemic necrosis of the toe tips and impedes spon-
taneous wound healing [3]. Those characteristics of diabetic wounds often make
them become chronic and recurrent.

Previous studies have reported that chronic wounds can lead to various malignan-
cies, including squamous cell carcinoma, basal cell carcinoma, Kaposi’s sarcoma, mel-
anoma, and lymphoma [4-12]. Squamous cell carcinoma, which develops in wounds
left by chronic osteomyelitis, is a familiar pathology for orthopedic surgeons. Howev-
er, the relationship between diabetic foot wounds and skin malignancies has not been
sufficiently investigated by clinicians, and misdiagnosis or delayed treatment is a risk
[9-11]. In addition, malignancy may present as chronic wounds. As diabetic foot
wounds are usually chronic and prone to infection, careful observation is required to
accurately diagnose concomitant skin malignancies. In this study, we report with a
review of literature eight cases of skin malignancies which presented with diabetic

foot wounds.
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Methods

After obtaining approval by the Institutional Review Board of
Asan Medical Center (IRB No. $2022-1891-0005), a retrospec-
tive review was performed for patients who had diabetic foot
with concomitant skin malignancies. Among the patients who
received diabetic foot management between January 2008 and
January 2023 in the diabetic foot clinic, patients who were also
diagnosed with skin cancer were selected for the retrospective
study. Using an electronic chart review, patient data such as
age, sex, height, weight, wound characteristics, related system-
ic diseases, biopsy, and treatment were collected. The patients
provided written consent for the use of their photographs.

Results

A total of eight patients who had diabetic foot with concomi-
tant skin malignancies were enrolled in a retrospective cohort
study.

Case 1

A 71-year-old man presented with a 2-year history of a plantar
wound under the left fifth meta-tarsal head. The patient was
on medication for hypertension, diabetes mellitus, and a cere-
brovascular accident (CVA). His left foot and ankle exhibited
an equinovarus deformity caused by the CVA 20 years earlier,

and the patient reported experiencing recurrent callosity un-
der the fifth metatarsal head. The wound, devoid of clinical

signs of wound infection, was pigmented and measured

2]
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1.5%3.0 cm (Fig. 1). The blood sugar test (BST) revealed re-
sults of 100-196 mg/dL, and the ankle-brachial index (ABI) of
the right and left legs were 1.05 and 0.61, respectively. Quanti-
tative sensory testing revealed no signs of diabetic neuropathy.
A punch biopsy was performed, and the pathological findings
were consistent with malignant melanoma. No metastases
were detected on either whole-body positron emission tomog-
raphy (PET) or chest, abdominal, and pelvic computed to-
mography (CT). The malignant melanoma was removed using
wide lo-cal excision, and the defect was repaired using a skin
graft and percutaneous angioplasty (Fig. 1B).

Case 2

A 68-year-old man presented with an 8-month history of a
skin defect on the tip of his left fifth toe, which had initially
been dark in color (Fig. 2A). The patient also had a history of
hypertension, diabetes mellitus, and hyperlipidemia. Wound
dressing was initially performed because the wound exhibited
no signs of infection and digital circulation appeared good.
However, the wound appeared slightly aggravated after 1
month of conservative treatment. Laboratory testing revealed
a BST result of 222 mg/dL, a glycated hemoglobin (HbAlc)
level of 8.9%, a C-reactive protein (CRP) level of 0.51 mg/dL,
and ABI values of 1.18 (right) and 1.21 (left). While the pa-
tient’s digital sensory function was intact, a foot X-ray revealed
resorption of the distal phalanx of the left fifth toe (Fig. 2B). As
the clinician suspected that the concomitant chronic osteomy-
elitis of the distal phalanx might impede wound healing, a bi-

opsy was performed with wound debridement and minimal

Fig. 1. Case 1. (A) A 71-year-old man presented with a 2-year history of a plantar wound under the left fifth metatarsal head. Malig-
nant melanoma was arising from a dark pigmented wound under the fifth metatarsal head. (B) A wide excision and skin graft for the

defect were performed.
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bone resection. Pathological examination revealed poorly dif-
ferentiated squamous cell carcinoma with chronic inflamma-
tion and bone invasion, but no evidence of metastasis. A toe
amputation was performed.

Case 3

A 75-year-old man presented with a 1-year history of a persis-
tent wound on the nail bed of the right hallux (Fig. 3). The toe-
nail had been extracted spontaneously. Though the patient

had developed a diabetic foot wound 3 years earlier after wear-
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ing tight shoes, the wound had subsequently healed. Clinical
and laboratory examinations revealed no signs of infection,
with an initial BST result of 230 mg/dL, an HbA1lc level of
7.6%, and ABI values of 1.34 (right) and 1.31 (left). A foot X-
ray revealed no signs of bone erosion. The patient reported
slightly decreased sensory function, which was not quantita-
tively tested. A punch biopsy revealed poorly differen-tiated
malignant melanoma. A metastatic workup with whole-body
PET revealed multiple hypermetabolic lymph nodes at the
right inguinal, right external iliac chain, mediastinal pre-vas-

Fig. 2. Case 2. (A) A 68-year-old man presented with an 8-month history of a skin defect on the tip of his left fifth toe, with a wound
that bled profusely. (B) A foot X-ray revealed bony erosion of the distal phalanx of the left fifth toe, which coincided with the location of
the wound. The biopsy showed poorly differentiated squamous cell carcinoma.

Fig. 3. Case 3. A 75-year-old man visited our diabetic foot clinic
with a 2-year history of a persistent wound on the nail bed of his
right hallux. The toenail had been extracted and the nail bed ap-
pears hypertrophic and well vascularized. The pathology results
from a punch biopsy revealed poorly differentiated malignant
melanoma.

https://doi.org/10.22467/jwmr.2023.02600

Fig. 4. Case 4. A 78-year-old man presented with a 3-month his-
tory of a wound and exudate on his left first toe. A malignant
melanoma diagnosis was confirmed based on the pathological
results from a punch biopsy, and a transphalangeal amputation
was performed.
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cular, right paratracheal, and left supraclavicular fossa nodes.
The patient is being treated using palliative radiation therapy
and chemotherapy.

Case 4

A 78-year-old man presented with a 3-month history of a
wound and exudate on his left hallux (Fig. 4). The patient was
receiving medication because of diabetes mellitus, hyperten-
sion, and CVA. Laboratory testing revealed a BST result of 156
mg/dL, an HbAlclevel of 6.1%, and a CRP level of 0.04 mg/dL.
A foot X-ray found no bony erosion. Malignant melanoma was
diagnosed based on the pathological results from a punch bi-
opsy. No metastatic lesions were detected and a transphalange-
al amputation was performed. Three months later, an inguinal
mass was detected via palpation, and an ultrasonography-
guided gun biopsy was performed to confirm the presence of
metastatic malignant melanoma. Metastatic lesions were also
found in the liver. Chemotherapy would have been difficult due
to the patient’s poor general condition and the rapid progress of
the disease. The patient received palliative care and ultimately
died 3 months after the detection of the metastatic lesions.

Case 5

A 77-year-old man presented with a 1-month skin lesion be-
tween the left fourth and fifth toes (Fig. 5). The patient was re-
ceiving medication because of hypertension, diabetes mellitus,
and Parkinson’s disease. The diabetes was well-controlled, and
laboratory testing found a BST result of 134 mg/dL and an

Fig. 5. Case 5. A 77-year-old man visited our clinic with a
1-month history of a skin lesion between the left fourth and fifth
toes. The pathological results confirmed the diagnosis of acral
len-tiginous melanoma.
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HbAIc level of 5.7%. There were no clinical signs of infection.
A punch biopsy was performed, and the pathological results
confirmed the diagnosis of acral lentiginous melanoma. A
whole-body PET revealed no evidence of metastatic lesions,
and a midfoot amputation was performed.

Case 6

A 91-year-old man with a 30-year history of diabetes visited
our clinic with a 2-year history of a left dorsal foot wound (Fig.
6A). The patient’s medical history only indicated diabetes mel-
litus and diabetic nephropathy, and his left third and fourth
toes had been amputated 20 years earlier because of a diabetic
foot wound. At the time of the visit, the wound was hypertro-
phic and ap-proximately 10x10 cm. Laboratory testing re-
vealed a BST result of 165 mg/dL, an HbAIc level of 6.5%, a
blood urea nitrogen level of 30 mg/dL, a serum creatine level
of 1.74 mg/dL, and a CRP level of 1.75 mg/dL. Foot radiogra-
phy showed destruction of the lateral midfoot, which coincid-
ed with the location of the wound (Fig. 6B). A punch biopsy
confirmed the diagnosis of moderately differentiated squa-
mous cell carcinoma. A whole-body PET detected no meta-
static lesions, and the patient subsequently underwent ampu-
tation below the knee.

Case 7

A 35-year-old man with a 2-year history of diabetes mellitus
presented with ulceration and an eschar wound on the right
foot plantar side of the hallux at the metatarsophalangeal level.

)

Fig. 6. Case 6. (A) A 91-year-old man with a 30-year history of
diabetes visited our clinic with a 2-year history of a left dorsal foot
wound. (B) A foot X-ray revealed destruction of the lateral mid-
foot, which suggested tumor invasion or osteomyelitis. A punch

biopsy confirmed moderately differentiated squamous cell carci-
noma.
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The wound started from a bulla formation after walking for a
long time, 6 weeks before his visit to the clinic. The size of the
wound was 2.3x1.0 cm (Fig. 7A). At the patient’s first visit, a
wound biopsy was performed, showing a fragmented normal
epidermis with inflammatory exudate. The wound was as-
sessed as a diabetic foot ulcer and managed conservatively
with local debridement. However, the wound did not heal for
8 months, even after serial debridement and proper manage-
ment. Therefore, an en bloc excision of the ulceration and a
full-thickness skin graft was performed. The permanent pa-
thology report of the ulceration showed verrucous squamous
cell carcinoma. No metastasis was detected by PET or by a
chest, abdominal, and pelvic CT. Under combined operation
with the orthopedic department, a wide excision was planned,
and the plastic surgery team reconstructed the defect with an
anterolateral thigh free flap. The wound then healed without

any major complications, and the flap was well-maintained for
18 months (Fig. 7B and C).

JWMR

Case 8

A 79-year-old woman presented with left foot ulceration on
the medial malleolus side. She was on medication for hyper-
tension and diabetes. The wound developed 2 years previously
and was managed conservatively at the primary clinic. How-
ever, 6 months before the referral, the patient visited a local
tertiary clinic for further management as the wound was
growing and her pain was worsening. After serial debride-
ment, a full-thickness skin graft was performed with a tissue
biopsy which indicated squamous cell carcinoma (Fig. 8A).
The patient was referred to our clinic for further evaluation
and surgical management. PET imaging and an abdominal-
pelvic CT suggested a left-sided inguinal lymph node metasta-
sis. A wide excision of the lesion with inguinal lymph node
dissection was performed by the orthopedic team, and a soft
tissue reconstruction with a contralateral anterolateral thigh
free flap was performed by the plastic surgery team. The
wound healed without any major complications and the flap

Fig. 7. Case 7. (A) A 35-year-old man with a 2-year history of diabetes mellitus presented with ulceration and an eschar wound on the
right foot plantar side of the hallux at the metatarsophalangeal level. The permanent pathology report of the ulceration showed verru-
cous squamous cell carcinoma. (B) A wide excision was performed, and the defect was reconstructed with an anterolateral thigh free
flap. (C) Postoperative findings after 18 months.

Fig. 8. Case 8. (A) A 79-year-old female was referred from another hospital with biopsy-proven squamous cell carcinoma in left foot
ulceration on the medial malleolus side. The lesion was assumed to be diabetic ulceration and was managed conservatively at the pri-
mary clinic. (B) A wide excision was performed, and the defect was reconstructed with an anterolateral thigh free flap. (C) Postopera-
tive findings after 1 year.
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was well-maintained for 1 year (Fig. 8B, C).

Discussion

This report describes our experience with eight cases of foot
skin malignancies that involved patients with diabetic foot
wounds (Table 1). To the best of our knowledge, this is the
largest case series of skin malignancies in diabetic foot pa-
tients. As diabetic foot wounds are usually chronic and recur-
rent, they can lead to skin malignancies. Since it is difficult to
determine which lesion developed first, clinicians should be
aware of the possibility that these lesions can be malignant.

Previous reports have highlighted possible misdiagnoses of
skin malignancies (e.g., malignant melanoma, squamous cell
carcinoma, Kaposi sarcoma, and lymphoma) as diabetic foot
ulcers in patients with diabetes mellitus [4-6,8-12]. For exam-
ple, foot wounds in patients with diabetes mellitus are general-
ly considered diabetic foot wounds, and cases in patients with
a history of diabetic foot ulcers might be incorrectly diagnosed
as recurrent diabetic foot wounds. Furthermore, these patients
may visit various practitioners, including general physicians,
orthopedic surgeons, plastic surgeons, dermatologists, and
specialists in internal, family, and emergency medicine. This
sometimes makes it difficult to achieve an early and accurate
diagnosis of foot skin malignancies in patients with diabetes
mellitus.

The existing evidence is insufficient to conclude whether
foot skin malignancies in diabetic patients are primary lesions
or if they have developed from chronic wounds. However, sev-
eral theories support a malignant transformation in chronic
wounds, such as exposure to the cytotoxic byproducts of
chronic inflammation [13], an impaired mitotic cycle [14],
and epidermal implantation resulting in a dermal foreign
body reaction [15]. Furthermore, a previous study has sug-
gested that infection could stimulate dormant neoplastic cells
to develop into skin malignancy [16]. Another study has pro-
posed that the accumulation of toxins from chronically in-
flamed cells could induce mutations that lead to malignancy
[13]. Moreover, a repetitive deposition of epidermal cells into
the dermal layer could cause a foreign body reaction and cel-
lular alteration [13,15].

In this context, nearby mast cells could promote malignant
development by releasing neuropeptides and proteases, which
alter the normal cutaneous cell and mitotic cycles, and pro-
mote endothelial migration of neoplastic cells by destroying
the normal skin structure. In addition, mast cell mediators

https://doi.org/10.22467/jwmr.2023.02600
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stimulate the proliferation of dormant malignant cells [17].

The most widely known malignancy related to wound chro-
nicity is squamous cell carcinoma, also known as Marjolin ul-
cer. However, studies show that chronic ulceration is related
not only to squamous cell carcinoma, but also to basal cell car-
cinoma, leiomyosarcoma, and occasionally, melanoma [18-
20]. Accordingly, even if the sequence of events might be un-
clear, physicians should suspect those kinds of malignancies in
unusual diabetic ulcer cases.

In 2019, Linkeviciute-Ulinskiene et al. [21] described the
malignancy risk pattern among type-2 diabetes mellitus
(T2DM) patients throughout the entire population of Lithua-
nia. Among males with T2DM, a significantly increased risk
was found for cancer of the liver (standardized incidence ratio
[SIR], 2.11; 95% confidence interval [CI], 1.79-2.49), pancreas
(SIR, 1.77; 95% CI, 1.57-1.99), kidney (SIR, 1.46; 95% CI,
1.31-1.62), and thyroid (SIR, 1.83; 95% CI, 1.32-2.54).
Colorectal cancer (SIR, 1.23;95% CI, 1.14-1.33), skin melano-
ma (SIR, 1.40; 95% CI, 1.11-1.76), non-melanoma skin cancer
(SIR, 1.14; 95% CI, 1.05-1.23), and cancer of the male genital
organs (SIR, 1.86; 95% CI, 1.27-2.71) and other endocrine or-
gans (SIR, 1.96; 95% CI, 1.05-3.64) also had significantly ele-
vated risks. As shown in the study, skin melanoma and non-
melanoma skin cancer prevalence in T2DM patients signifi-
cantly increased. Therefore, these skin cancers should be sus-
pected and investigated when ruling out possible malignancies
during treatment of diabetic ulcer patients.

Four of the eight cases (Cases 2, 3, 4, and 6) exhibited hyper-
trophic wounds that appeared to be well vascularized. There-
fore, while concomitant infection might impede wound heal-
ing, clinicians treating chronic non-healing wounds with well-
vascularized beds should also consider the possibility of un-
derlying skin malignancies. Furthermore, a well-vascularized
wound at the toe tip (Case 2) is not a typical feature of diabetic
foot wounds, as the toe tips are prone to ischemic insult and
usually exhibit dark, necrotic, or mummified wounds.

In Case 1, while the dark pigmented wound could easily
have led to a melanoma diagnosis, the hemorrhagic crust and
overlying hyperkeratotic skin obscured the signs. Further-
more, acral lentiginous melanoma or amelanotic melanoma
near the plantar aspect or toenails is misdiagnosed approxi-
mately 40% of the time [22]. Metzger et al. [22] retrospectively
reviewed cases of plantar melanoma and observed that this
misdiagnosis led to an approximately 12-month delay in ap-
propriate treatment, which had adverse effects on tumor
thickness (increasing from 1.5 mm to 5.0 mm) and 5-year sur-
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vival rate (decreased from 68.9% to 15.4%). Fortunately, our
case of acral lentiginous melanoma was quickly diagnosed by
an experienced dermatologist. Clinicians must stay vigilant
against this type of skin malignancy when they are treating pa-
tients with diabetic foot wounds.

The increasing prevalence of diabetes mellitus is expected to
lead to an increase in the incidence of diabetic foot wounds.
The current treatments for diabetic foot wounds involve infec-
tion control, circulation recovery, and off-loading, and there
are no guidelines for biopsies of diabetic foot wounds based
on timing, lesion size, or severity of lesion. Regarding wound
management, a 50% reduction in wound area over a 4-week
period is generally considered an indicator that the wound is
likely to heal within 3 months [23]. The mean duration of dia-
betic foot ulcers was 12 months in our study and 18 months in
other studies. In 2015, Onesti et al. [24] reported that chronic
ulcers tended to persist for 9 years before skin malignancy.
This indicates that diabetic foot ulcerations generally last
shorter than the time it takes to come to a diagnosis of a skin
malignancy in chronic ulcers. Therefore, wounds that fail to
heal well should be reassessed using tissue biopsy to determine
the underlying pathology [25]. We suggest that clini-cians
consider reassessing wounds with a biopsy when they are
managing patients with diabetic foot wounds.
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