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Abstract

A growing number of studies report dermal malignancies mimicking diabetic
foot ulcers (DFUs). We reviewed clinical cases reporting malignant tumours
misdiagnosed to be DFU aiming to identify factors contributing to mis-
diagnosis. We systematically searched in PubMed for clinical cases reporting
on misdiagnosis of DFU in patients with cancer. A chi-square analysis was
conducted to show the link between the incidence of initial DFU misdiagnosis
and patient age, gender and wound duration. Lesions misdiagnosed to be DFU
were subsequently diagnosed as melanoma (68% of the cases), Kaposi's sar-
coma (14%), squamous cell carcinoma (11%), mantle cell lymphoma, and dif-
fuse B-cell lymphoma (both by 4%). Older age (>65 years) was associated with
a significantly increased risk of malignancy masked as DFU (OR: 2.452; 95%
CI: 1.132 to 5.312; P value = .019). The risk of such suspicion in older patients
(age > 65 years) was 145% higher than in younger patients (age < 65 years).
Clinicians should maintain a high level of awareness towards potentially
malignant foot lesions in elderly patients with diabetes (age > 65).
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Key Messages

« reports of diabetic foot ulcer (DFU) are increasing in number, and there are
several accounts of malignancies misdiagnosed as DFU

« the vast majority of malignancies misdiagnosed as DFU are melano-
mas (71%)

- patients at ages above 65 years have more than twice (x2.5) higher chance
of DFU misdiagnosis
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1 | INTRODUCTION

Skin malignancies and cutaneous manifestations of other
types of cancer may not display typical features and
mimic benign wounds. Diabetic foot ulcer (DFU) is a
common diabetes mellitus (DM) complication affecting
6% of patients." Diabetic ulcer manifestation is usually
explained by an altered immune response, vascular and
neurological irregularities and other factors related to
diabetes. However, foot ulcers in patients with diabetes
may be a symptom of malignancy, especially considering
that the risk of developing skin cancer is increased in
individuals with DM.>

It is well known that it is not always easy to distin-
guish between chronic wulcers and malignancy.
Malignancy can mimic DFUs* or ulcers may transform
into a malignancy,>® complicating the diagnosis. Acral
melanoma is especially prone to be misdiagnosed because
of its location and attribution to other types of lesions.
Sondermann et al analysed 107 patients with melanoma
on foot and showed that 30% of patient's foot lesions were
incorrectly diagnosed at the first medical visit. Notably,
DFUs were one of the most frequent initial misdiagno-
ses.” At the same time, it is well known that misdiagnosis
and delay in the diagnosis of malignancies can lead to
poor disease outcomes.®

Difficulties in the diagnosis of plantar malignancies
have been recently reviewed that illustrates the complex-
ity of alternative diagnosis. Soon et al showed 18 cases of
acral lentiginous melanoma misdiagnosed as wart, cal-
lous, fungal disorder, foreign body, blister, non-healing
wound, mole and keratoacanthoma, among other condi-
tions.” At the same time, the conjunction of a large num-
ber of people living with diabetes and predilection of
diabetic patients towards foot ulceration may cause initial
clinical suspicion of DFU in diabetic patients whose
wounds have malignant nature. Moreover, the problem
of differential diagnosis between malignancies and DFU
is especially important today because modern approaches
for DFU include therapies with growth factors. The pres-
ence of the neoplasm at the site of application is a contra-
indication for the use of growth factors, as is indicated for
REGRANEX Gel, the first and only FDA-approved
recombinant platelet-derived growth factor (PDGF) ther-
apy for use on diabetic neuropathic ulcer."”

The phenomenon of misdiagnosis of DFU in patients
with malignancies has never been systematically
reviewed, and the factors causing such misdiagnosis have
not been statistically analysed. While the problem of
malignancies mimicking DFU is not widely discussed in
the literature, there is a growing interest of clinicians
in increasing awareness towards potentially malignant
nature of wounds on feet of diabetic patients. In this

article, we describe the first systematic review of clinical
cases in which there was a misdiagnosis of DFU, but con-
sequently foot malignancies were diagnosed.

2 | METHODS

2.1 | Search strategy

This systematic review was conducted according to the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines. The PubMed data-
base (www.ncbi.nlm.nih.gov/m/pubmed) was searched
using a combination of keywords to identify articles
reporting on misdiagnosis of DFU in patients with can-
cer. We used a request with keywords indicating
(a) sinister tumour (eg, ‘“cancer,” ‘“melanoma,”
“sarcoma,” “carcinoma,” “malignancy,” “lymphoma,”
etc.), (b) mimicry or misdiagnosis of malignant tumour
(eg, “misdiagnosed,” “mistaken,” “false,” “disguised,”
“mimicry,” etc.) and (c) site and nature of the lesion
(DFU). The full text of the search is available upon
request. Searches were completed up to 19 June 2021.

2.2 | Eligibility criteria

Studies with papers on misdiagnosis of DFU in patients
who were consequently diagnosed with cancer were eligi-
ble for inclusion. Participants of interest were patients with
DM whose foot lesions were at first suspected to be related
to diabetes instead of malignant tumours. Only the most
recent and complete reports were selected when the same
cases were reported in multiple reports to avoid overlap.
Studies were excluded if (a) the authors did not report any
suspicion of DFU or (b) the differential diagnosis of malig-
nancy omitted DFU. Publications in which misdiagnosis of
DFU was reported by the authors of corresponding reports
were included. We also included cases in which malignan-
cies were initially misdiagnosed as DFU.

The term “misdiagnosis” was applied to clinical cases in
which the authors reported that there was initial, presump-
tive, preliminary diagnosis of DFU, clinical impression of
DFU, suggested clinical diagnosis, or diagnosis on referral.

2.3 | Selection of studies

The title and the abstract of all the retrieved articles were
reviewed in order to exclude studies that did not meet the
inclusion criteria. The remaining full-text articles from
the first stage of the analysis were reassessed by the same
researcher.


http://www.ncbi.nlm.nih.gov/m/pubmed

LYUNDUP Ert AL.

24 | Data extraction

The following data were extracted from studies that met
the inclusion criteria: malignancy type, number of patients,
DM type and duration, diabetes complications, wound
description and duration. Data were extracted from all
included studies independently by two members of the
review team. Epidemiological data on the distribution of
diabetes and DFU depending on age were extracted from
the Centers for Disease Control and Prevention online
database'’ and from a large retrospective cohort study."

2.5 | Statistics

Statistical analysis of case studies was performed using
GraphPad Prism v. 7.00 for Windows (GraphPad Software
Inc., USA). The chi-square test was used to compare differ-
ences among categorical variables. Odds ratio was assessed
on the amount of DFU patients’ presence in the US popula-
tion. We are observing papers (2004-2021), so in 2015 the
US population of DFU patients was assessed as 0.944 mln
(age 18 < ... < 65) and 0.693 mlIn (age > 65)."

3 | RESULTS
3.1 | Search results

Three hundred and eighty-four articles were obtained
from PubMed at the first step. A full list of these articles

P WiLEy-L =

can be retrieved by the authors upon request. Studies not
addressing the question of the present systematic review
and studies without full-text articles were excluded. One
review article reporting on misdiagnosis and malignant
transformation of chronic wounds was identified. No
misdiagnosis of DFU was reported in 19 articles. In three
reports, the differential diagnosis of malignancy did not
include DFU.

Twenty-five articles met the inclusion criteria for this
systematic review. The selected studies were case report
articles and were published between 2004 and 2019. The
flow chart of the selection process is shown in Figure 1.

3.2 | Malignancies misdiagnosed as
DFUs are linked to the advanced age of
patients

A total of 28 reports reporting on misdiagnosis of DFU in
patients whose wounds were subsequently diagnosed as
cancer involving 28 patients were distributed according
to several different cancer types (see Figure 2).

Lesions, misdiagnosed to be DFU corresponded to sub-
sequently diagnosed melanoma (including amelanotic ones)
in 68% of the cases (19 patients),"®*2° 14% (4 patients) to
Kaposi's sarcoma,””>° 11% (3 patients) to squamous cell
carcinoma,*"** 4% (one patient) to mantle cell lymphoma,*
and 4% (1 patient) to diffuse B-cell lymphoma.*

All the reports included case studies, and all patients
had type 2 diabetes except eight patients, whose diabetes
type was not Specified.13’19’20’22’30’32’34’36

Records excluded (n=800)

* Not related (n=800)

Full-text articles excluded (n=37) with
reasons:

* No misdiagnosis reported (n=24)

« Differential diagnosis did not include
diabetic foot ulcer (n=12)

e Article was retracted (n=1)

| o
o
"é Records identified though
2 database searching (n=865)
3
nof
£
o
o [ Records screened (n=865)
A
;:‘; Full-text articles assessed for
2 eligibility (n=65)
Z
o
3
2 Studies included in systematic
fod 2 -
FIGURE 1 PRISMA flow i review (n=28)
chart of the selection process Wi
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67.86% Melanoma

14.29% Kaposi's sarcoma
10.71% Squamous cell carcinoma
3.57% Mantle cell ymphoma
3.57% B-cell lymphoma

OEAOA

Total=28
FIGURE 2 Percentage by cancer type in malignant wounds
misdiagnosed to be DFU

Nineteen patients were males, and six were females.
Gender characteristics of three patients were not indi-
cated.”! Diabetes duration ranged from 2 to 30 years
(mean 14.1 years). Nine patients had diabetes-related
complications,  including  neuropathy,'!82-27-2%:31
peripheral arterial disease,’* ischaemia and atheroscle-
rotic irregularities.**® Three patients did not have diabe-
tes complications,'®*>” but one of them had
hepatocellular carcinoma and a family history of
melanoma,®” and another had immunosuppressive treat-
ment prior to hospital submission.'® No diabetes compli-
cation information was presented for nine
patients ®1315:212229.32.3435 \yound  descriptions corre-
spond to the data presented by the authors of included
studies. Table 1 shows clinical cases in which wounds,
misdiagnosed to be DFU were subsequently diagnosed as
cancer. The table also includes patient demographics,
diabetes duration and complications, and wound
description.

To examine if there is a link between the incidence of
DFU initial misdiagnosis and patient age, gender and
wound duration, we conducted a chi-square analysis to
compare differences among categorical variables. No
associations were found between gender and wound
duration and the incidence of such clinical suspicion.

There was a significant association between patient
age and the incidence of initial clinical suspicion of DFU
in patients whose wounds have malignant nature (OR:
2.452; 95% CI: 1.132 to 5.312; P value = .019). The risk of
such suspicion in older patients (age > 65 years) was
145% (2.45 fold) higher than in younger patients
(age < 65 years) (Figure 3).

4 | DISCUSSION

In the present study, we provide a systematic review of
clinical cases reporting malignancies misdiagnosed to be
DFU. Our main finding was that advanced age increases

the odds of initial suspicion of DFU in patients subse-
quently diagnosed with cancer. We found that being at
age > 65 years was associated with an increased inci-
dence of such suspicion (OR: 2.452; 95% CI: 1.132 to
5.312; P value = .019). This result suggests that clinicians
should be especially attentive when determining wound
aetiology in elderly patients with DM. Our result is con-
sistent with Mansur et al* and Bennett et al,>® who
suggested that misdiagnosis occurs predominantly in the
sixth decade of life, and Iacopi et al,*®> who suggested that
advanced patient age is an indication to challenge the
wound aetiology and perform a biopsy.

Some of the reasons for initial suspicion of DFU in
patients with cancer have previously been described
in the literature. What we know is that foot ulcers are
one of the most common DM complications affecting 6%
of patients with diabetes’; consequently, because of such
frequency, clinicians may at first attribute foot wounds to
diabetic complications instead of malignancies. Gao et al
suggested that when a foot lesion is present, patients and
their health care providers may not readily consider mel-
anoma as a diagnosis because of the low incidence of
acral lentiginous melanoma.'* At the same time, malig-
nant tumours may not manifest typical features covered
by ABCD mnemonic aid (asymmetry, border, colour,
diameter)*®**?!  or ABCDE (asymmetry, border,
colour, diameter, evolution)*® diagnostic algorithms used
for its identification, and may possess the ability to mimic
chronic or benign'® wounds, including DFU, what com-
plicates accurate and timely diagnosis.”® Kong et al also
suggested that acral melanoma can be misdiagnosed
because it does not fit the changing mole pattern as well
as because of its less common location'® and strong simi-
larity with diabetic ulcer.*'

It is possible that malignant aetiology of a wound
may not be identified at first also because clinicians pro-
viding care for diabetic patient are generally not derma-
tologists, which has been suggested by Mansur et al.*
Interestingly, in a case report of Gregson, amelanotic
malignant melanoma was missed despite the patient see-
ing diabetic, vascular, and orthopaedic specialists.'®
Therefore, it is important to perform specific educational
efforts for non-dermatologists'® and promote consulta-
tions with multidisciplinary teams.

Gregson et al first mention of malignancy falsely
attributed to DFU was made in 2004."> The most recent
report on malignancy misdiagnosed as DFU was publi-
shed in 2019 by Suarez Gonzalez et al who described a
case on melanoma misdiagnosed as ischaemic DFU.*®
These data suggest that despite recent medical progress
and modern, effective diagnostic tools such as
dermoscopy and biopsy, diagnostics of sinister tumours
in diabetic patients is still challenging.
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(Continued)

TABLE 1

DM

DM

Age/

Misdiagnosis confirmation

Wound description

complications

sex duration (y)

Malignancy type

Reference

Case

We report a case of amelanotic malignant

1-cm diameter non-pigmented ulcer with

15

76 F

Amelanotic

Gregson et al*®

28

melanoma, which presented late due to
the ulcer being falsely attributed to

callus-like periphery.

Wound duration: 15 y.

melanoma

diabetes. The diagnosis was missed

despite the patient having seen diabetic,
vascular and orthopaedic specialists.

LYUNDUP ET AL.

Chi-square p=0.019

100
Age of patients

Bl 18<...<65
>65

Percentage of patients, %

Diabetic patients Diabetic patients
with foot ulcers with malignancies
initially suspected
to be DFU

FIGURE 3 Distribution of patients with DFU versus patients
with malignancies misdiagnosed to be DFU is dependent on age

Diabetic foot vs. Misdiagnosis
papers
2000- — 2000

Diabetic foot cases
sased ,uonoidsns [eniu|,,
Jo ,sisoubBelpsip,,

FIGURE 4 The numbers of publications on DFU treatment
(red) and articles mentioning the words “Misdiagnosis” or “Initial
suspicion” (blue)

Figure 4 shows the dramatic increase in the number
of publications on DFU treatment: from 346 and
700 reports per year in 2004 and 2014, respectively, to
1223 in 2020, achieving more than 5000 (5421) reports for
the last 6 years, reflecting the rising interest in this
problem.

While the number of published reports on initial mis-
diagnosis is not large (28 reports for the last 6 years, that
is, 0.52% from the total number of DFU reports), our
study shows that this problem is not uncommon. It is
likely that the real number of malignancies misdiagnosed
to be DFU is substantially larger compared with what so
far has been published. Figure 4 also suggests a trending
growth in the number of articles mentioning the words
“Misdiagnosis” or “Initial suspicion”. We consider that
such trends display not decreased diagnostic accuracy but
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upgrowing attention to the overall misdiagnosis problem,
in particular about malignant wounds misdiagnosed as
DFU. Considering that the number of people living with
diabetes is growing rapidly and is going to reach 642 mil-
lion by 2040,*' and that several meta-analyses have
shown that diabetic patients face an increased risk of
developing skin cancer,>® the number of cases, in which
malignant wounds are going to be misdiagnosed as DFU
may also increase.

One potentially underappreciated similarity between
cancer and foot ulcers is that both can recur at anatomi-
cal locations distinct from the primary occurrence, albeit
with different physiological mechanisms.** Furthermore,
chronic ulcers in diabetic feet are susceptible to malig-
nant transformation.*> A heightened index of suspicion
for a malignant process in the foot of diabetic patients is
necessary when standard of care fails to lead to improve-
ment or resolution.**

The largest number of reports on cancer misdi-
agnosed to be DFU is dedicated to melanoma. Only a few
published articles described cases of carcinoma, sarcoma
and even T-cell, B-cell and mantle cell lymphomas ini-
tially attributed to DFU. However, this does not mean
that melanoma is more prevalent than non-melanoma
skin cancer (NMSC) in diabetic patients, nor that mela-
noma is mimicking DFU more frequently than NMSC.
The summarised cases in this review only highlight the
problem of malignancies mimicking DFU, but they are
not sufficient to make any conclusions about what type
of cancer is misdiagnosed to be DFU more often. Rele-
vant epidemiological studies are needed to establish the
real number of malignancies misdiagnosed to be DFU.

In the present study, we tried to create a risk-factor
profile to raise clinician's awareness towards a certain
group of patients, and we showed that age is an impor-
tant risk factor. Our study confirms the idea that in older
patients the odds of initial suspicion of DFU instead of
cancer is high due to the strong ability of cancer to mimic
diabetic foot ulcers. We could not establish or rule out
the link between the presence of diabetic complications
and the ulcer malignisation. Other risk factors could be
immunosuppressive treatment, which has undergone
several patients in the misdiagnosed cohort prior to the
medical consultation regarding the ulcer,’>'® and the his-
tory of other malignancies of the patients and their fam-
ily members, indicated in some clinical cases.*®*’
However, these risk factors need further epidemiological
evaluation. Another serious risk factor of DFU mal-
ignisation could be unhealthy diet\lifestyle as it was
shown for incidence of pancreatic cancer in diabetic
patients**; however, we did not find any dietary mention
in cited articles on DFU misdiagnoses, concluding that
doctors still underestimate the influence of a healthy

lifestyle on patients' disease outcome. We could not
establish a statistically significant link between gender
and the incidence of initial suspicion of DFU because of
the small number of included articles. However, Soon
et al analysed cases of acral lentiginous melanoma mim-
icking benign disease and showed an equal frequency of
misdiagnosis between genders,” and in the study by
Sondermann, acral melanoma was initially misdiagnosed
in a similar number of males and females.”

In summary, here we discuss the uncommon but severe
problem of malignant tumours misdiagnosis to be DFUs
with a focus on risk factors contributing to such suspicion.
While the number of published cases is still small, and
partly inconclusive, there is an increasing number of such
reports. Further systematic studies are warranted on this
seemingly growing diagnostic phenomenon.

5 | CONCLUSION

The risk of misdiagnosis of DFU in patients whose
wounds have malignant nature is significantly higher in
older patients with DM. Our recommendation is that cli-
nicians should maintain a high level of awareness
towards potentially malignant foot lesions in elderly
patients with DM (age > 65) to make a timely and accu-
rate diagnosis and to avoid the application of growth fac-
tors at the site of neoplasm.
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