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Abstract. Malignant wounds (MWs) are rare skin lesions, 
which accompany ulceration, necrosis and infection caused 
by infiltration or damage by malignant tumor. The present 
study aimed to investigate the bacterial etiology implicated 
in MW in soft tissue sarcoma (STS), and the effectiveness of 
culture‑guided perioperative antibacterial administration. A 
retrospective evaluation was conducted on medical records of 
patients who presented with MW between 2006 and 2020. A 
total of seven patients were included in the present study, in 
whom all tumors were relatively large (>5 cm) and high‑grade. 
Subsequently, five patients underwent limb‑sparing surgery, 
and three patients had distant metastases with a 5‑year overall 
survival of 71%. Preoperative microbiological sampling from 
the wound identified 11 different bacterial strains in five 
patients. The infections were polymicrobial with an average 
of 2.6 strains isolated per patient (1 aerobic, 1.6 anaerobic 
bacteria). They were predominantly methicillin‑sensitive 
Staphylococcus aureus. Patients with MWs from STS reported 
symptoms, including bleeding (71%), exudation (71%) and 
malodorous wound (43%) at the initial presentation; these 
completely resolved after surgery. All but one patient reported 
pain at the MW site with an average numeric rating scale 
of 4.4 at presentation that decreased to 1.4 (P=0.14) and 0.6 
(P=0.04) one and two weeks after surgery, respectively. The 
patients had elevated C‑reactive protein (71%), anemia (57%), 
low albumin (86%) and renal/liver dysfunction (14‑29%). One 
patient was diagnosed with sepsis. Surgical resection afforded 
symptomatic relief and resolution of abnormal laboratory 
values. Although selected antibiotics were administered in 
four patients based on the preoperative antibiotic sensitivity 
test, surgical site infection (SSI) occurred in three patients. 
Therefore, the effectiveness of the selected antibiotics based 
on the results of the preoperative culture in preventing SSI 
needs to be investigated in the future. In conclusion, physicians 

should keep in mind that although surgical resection can 
improve the symptoms and abnormal values in laboratory 
examination form MW, it is accompanied with a high rate of 
SSI and poor prognosis.

Introduction

Malignant wounds (MWs) are lesions caused by malignant 
tumors infiltrating or damaging the skin (1‑3). MWs are 
often accompanied by ulcerations, necrosis, hemorrhage, 
and inflammation (1,2). It is estimated that 5‑7% of cancer 
patients experience MWs, especially patients with breast 
cancer, soft tissue sarcoma (STS), head and neck cancer, and 
melanoma (1,2). Previous studies mainly enrolled patients 
with limited life expectancy due to unresectable advanced or 
metastatic breast and skin cancers (4,5). Some studies reported 
an incidence of 3‑4% for MW in patients with STS (6‑9).

MWs are often infected because necrotic tissue provides 
a suitable environment for bacterial growth. Patients 
frequently report symptoms as malodorous wounds, exuda‑
tion, pain, and bleeding. These symptoms lead to impaired 
mobility, emotional distress, and a poor quality of life (3‑5). 
Fromantin et al proposed that MWs in patients with breast 
cancer had polymicrobial colonization predominated by 
Staphylococcus aureus and Pseudomonas aeruginosa (4). 
Biofilms were present in the wounds of 35% of the patients, and 
the concentration of bacteria correlated with the emergence 
of odor and pain. Few studies have focused on the bacte‑
riological investigation of MWs in patients with STS (10‑12). 
Lutchminarian et al reported that the most common pathogen 
in MW from STS was Staphylococcus aureus (33%), followed 
by β‑hemolytic Streptococcus (17%), and Pseudomonas aeru‑
ginosa (17%) (13). These infections sometimes lead to severe 
clinical problems, such as sepsis and surgical site infection 
(SSI) (10,12). Elfallal et al reported a case of life‑threatening 
sepsis from severe necrotic wound in a patient with giant 
angiolipoma of the back (14). Immediate tumor excision with 
hemostasis was required. This supports the need for early 
diagnosis and treatment of concurrent sepsis. The effectiveness 
of sensitivity‑guided perioperative antibacterial prophylaxis 
remains unclear. Data on perioperative improvement of 
clinical symptoms and laboratory data are lacking.

MWs have some oncologic features in STS; thus, it is 
important to manage both oncologic and infectious problems. 
In previous reports, patients with MWs from STS were older 
(mean age: 65‑73 years), and presented with higher grade, 
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higher stage, and higher proportion of metastases (20‑33%) 
compared to those without MWs (15‑18). When the lesions 
are large, possibly requiring skin reconstruction, limb salvage 
was sometimes difficult, leading to a high rate of amputa‑
tion (13‑33%) (15‑18). Although resection of the tumor can 
control the symptoms associated with MWs, previous studies 
reported high rates of surgical site infection (SSI) as much 
as 26‑42% (15,18). Hoshi et al reported 42% incidence of 
postoperative (SSI), and Candida species was the most 
common isolate, followed by Pseudomonas aeruginosa and 
Enterococcus species (18).

Therefore, this study aimed to perform microbiological 
analyses in a series of STS patients with MWs. We specifically 
investigated the bacterial profile in MWs and the effectiveness 
of sensitivity‑guided perioperative antibacterial prophylaxis. 
Lastly, we investigated the incidence of sepsis and the changes 
in laboratory values after treatment.

Materials and methods

Study design and setting. We retrospectively evaluated the 
medical records of patients who presented with MWs at 
Okayama University Hospital (Okayama, Japan) between 
April 2006 and April 2020.

Study population. Patients who had pathologically confirmed 
MW and underwent surgical resection for STS in the extremity 
were included in the study. The exclusion criteria were as follows: 
(a) only conservative management done; (b) follow‑up less than 
two years post‑surgery; (c) development of MW during the clin‑
ical course. Finally, seven patients (four males, three females) 
were included in this study (Table I). Their median age at the 
start of treatment was 59 years (range, 30‑78). Histological diag‑
nosis was established according to the WHO Classification (19). 
Myxoid liposarcoma was diagnosed in two patients, and myxo‑
fibrosarcoma, undifferentiated pleomorphic sarcoma (UPS), 
fibrosarcoma, angiosarcoma, leiomyosarcoma, and malignant 
peripheral nerve sheath tumor (MPNST) was diagnosed in one 
patient each. The median tumor size was 10 cm (range: 6‑31) 
and was superficial in 5 patients and deep in 2 patients. The 
grade was determined using the French Fédération Nationale 
des Centres de Lutte Contre Le Cancer (FNCLCC) grading 
system; grade 2 cancer was observed in three patients and 
grade 3 in four patients (20). The American Joint Committee 
on Cancer (AJCC) stages were IIIA in four patients and IV in 
three patients. The locations of the tumor were as follows: the 
thigh (4), each upper arm (1), lower leg (1), and abdomen (1). No 
patient had a treatment history of hypertension, diabetes mellitus 
(DM), renal disorder, liver disorder, or respiratory disorder. The 
median follow‑up period was 53 months (range: 4‑152 months).

Microbiological sampling and testing. Preoperative microbiolog‑
ical samples were obtained from the necrotic zone of the wound. 
Detection of aerobic, facultative anaerobic, and strict anaerobic 
bacteria was carried out using a quantitative method. We inves‑
tigated the incidence of SSI based on the definition provided by 
the Centers for Disease Control (CDC) (Table SI) (21).

Clinical investigation. We investigated the symptoms of the 
wound (e.g., bleeding, odor/exudate, and pain) and clinical 

condition (fever) on presentation and after surgery. Fever was 
defined as a temperature higher than or equal to 37.5˚C. Pain 
was quantified using a 10‑point numeric rating scale (NRS). 
The symptoms were documented at baseline, one, and two 
weeks postoperatively. Bleeding was reported in five patients, 
foul odor in three patients, and exudate in five (Table II). These 
symptoms disappeared after surgery. All but one patient had 
pain at the MW site during the initial presentation, with an 
average NRS of 4.4 (range: 0‑10). It decreased after surgery; 
the average NRS were 1.4 (range: 0‑10, P=0.14) and 0.6 (range: 
0‑3, P=0.04) after one and two weeks of surgery, respectively. 
During the last follow‑up, all but one patient had pain at 
the surgical site. Two patients presented with fever, which 
defervesced one week after surgery.

We investigated the presence of sepsis at the initial 
presentation. The diagnosis for sepsis was defined based on 
the Japanese Clinical Practice Guidelines for Management of 
Sepsis and Septic Shock 2020 (J‑SSCG 2020) (22). By this 
definition, suspected infection can be rapidly identified in 
the presence of two or more quick Sequential Organ Failure 
Assessment (qSOFA) score: A respiratory rate (≥22/min), 
altered mentation (Glasgow Coma Score ≤14), and a systolic 
blood pressure (≤100 mmHg) (23‑25). Next, the diagnosis of 
sepsis was confirmed when the SOFA score was ≥2 points 
higher in the presence of a clear infection or suspected infection 
(Table III). Septic shock was defined as persistent hypotension 
requiring vasopressors to maintain a mean arterial pressure 
of ≥65 mmHg and a serum lactate level >2 mmol/l (18 mg/dl) 
despite adequate volume resuscitation (22). One patient met 
the diagnostic criteria for sepsis (case 2).

Laboratory investigation. The following laboratory param‑
eters were documented at baseline and 2‑6 weeks after 
surgery: white blood cell (WBC) count, serum C‑reactive 
protein (CRP), hemoglobin (Hgb), blood urea nitrogen (BUN), 
creatinine (Cr), albumin (Alb), alanine aminotransferase 
(ALT), aspartate aminotransferase (AST), and total bilirubin 
(T‑bil). Anemia was defined as hemoglobin (Hgb) <12.0 g/dl 
in non‑pregnant women and <13.0 g/dl in men based on the 
World Health Organization (WHO) criteria (26).

Treatment. Five patients initially underwent limb‑sparing 
surgery, amputation was performed for one patient, and disar‑
ticulation was performed for one patient. Surgical excision 
margins were estimated based on the AJCC residual tumor 
classification (R classification) (27). These surgical margins 
were classified as follows: R0 margin, free of malignancy; R1 
margin, microscopic tumor cells present at the inked border 
of the specimen; and R2 margin, grossly positive margins. 
Surgical margins were estimated as R0 in all patients. Soft 
tissue coverage was required in four patients: two free flaps 
(latissimus dorsi flap), one medial gastrocnemius muscle flap 
and skin graft, and one skin graft. Since all patients achieved 
R0 resection, radiation therapy was not performed for any 
of the patients. No patients received pre‑ or postoperative 
chemotherapy.

Statistical analysis. The Mann‑Whitney U test was used to 
analyze continuous parameters, while Fisher's exact test was 
used for categorical parameters. We used the BellCurve for 
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Excel (Social Survey Research Information Co., Ltd.) for all 
the analyses. The overall survival (OS) was calculated from the 
date of diagnosis to the date of death or the last follow‑up visit. 
Survival rates were estimated using the Kaplan‑Meier method. 
A P‑value of <0.05 was considered statistically significant.

Results

Microbiological analyses. Microbiological sampling from 
the wound was performed prior to surgery for five patients 
and 11 different bacterial strains were identified in them 
(Table IV). The average number of bacterial strains isolated 
per wound was 2.6 (1 aerobic, 1.6 anaerobic species). The 
aerobic bacteria identified included Pseudomonas aeruginosa, 
Alcaligenes faecalis, Acinetobacter baumannii complex, 
Stenotrophomonas maltophilia, and Bacillus cereus (all of 
these were isolated in one patient). The facultative anaerobic 
bacteria were methicillin‑sensitive Staphylococcus aureus 
(MSSA; three patients), Enterococcus faecalis, Enterobacter 
cloacae, Streptococcus dysgalactiae, and Proteus vulgaris 
(all isolated from all wounds). The strict anaerobic bacterial 

species was Peptostreptococcus asaccharolyticus (one patient). 
Preoperative blood culture performed in one patient was 
negative. Antibiotics were selected and administered for four 
patients (cases 1‑4) based on the preoperative antibiotic sensi‑
tivity test (Table IV).

Surgical Site Infection. Surgical site infection (SSI) occurred 
in three patients (43%), including two patients with superfi‑
cial incisional SSI and one with deep incisional SSI. It was 
observed in 3/5 patients with exudate, but none in those 
without exudate. All three patients had received preoperative 
sensitivity‑guided perioperative antibacterial prophylaxis. The 
bacterial isolates from MWs and surgical sites were identical 
in two of three patients (MSSA and Pseudomonas aeruginosa) 
and in one other patient (Pseudomonas aeruginosa). One 
patient (case 1) had levofloxacin‑sensitive Pseudomonas 
aeruginosa and Alcaligenes faecalis cultured from the wound 
at the initial presentation, and was given levofloxacin hydrate 
preoperatively. Five days after resection and skin graft, 
Pseudomonas aeruginosa was cultured from the exudate 
of the grafted skin. Saline washing was performed and the 

Table II. Characteristics of the malignant wound.

Case Bleeding Odor Exudate Awareness of the tumor Duration of the malignant wound

1 ‑ + + 24 months 12 months
2 + + + 36 months 3 days
3 + ‑ + 4 months 3 days
4 + ‑ + 36 months 4 months
5 + ‑ ‑ 7 months 4 months
6 ‑ + + 13 months 11 days
7 + ‑ ‑ 4 months 1 day

Table III. Sequential Organ Failure Assessment score.

 Assessment score
 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Variables 0 1 2 3 4

Respiration     
  PaO2/FIO2 (mm Hg) ≥400 <400 <300 <200 <100
Coagulation     
  Platelets (x103/l) ≥150 <150 <100 <50 <20
Liver      
  Bilirubin (mg/dl) <1.2 1.2‑1.9 2.0‑5.9 6.0‑11.9 ≥12.0
Cardiovascular     
  Mean arterial pressure (mmHg) ≥70 <70 Dopamine ≤5 or Dopamine >5 or Dopamine >15 or
   dobutamine (any) norepinephrine ≤0.1 norepinephrine >0.1
Nervous system     
  Glasgow Coma Score 15 13‑14 10‑12 6‑9 <6
Renal     
  Creatinine (mg/dl) <1.2 1.2‑1.9 2.0‑3.4 3.5‑4.9 >5.0
  Urine output (ml/d)    <500 <200
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wound healed without delay. In another patient (case 2), MSSA 
and Streptococcus dysgalactiae were isolated from the wound 
at the initial presentation. Pus was observed in the separated 
wound after one month of the hip disarticulation, from which 
MSSA was cultured. Irrigation, debridement, and intravenous 
meropenem resolved the deep incisional infection. In another 
patient (case 3), MSSA and Bacillus cereus were cultured 
from the wound at the initial presentation. Resection following 
reconstruction with free flap and skin graft was performed 
and cefazolin sodium, to which MSSA was sensitive, was 
given one day prior to surgery up to four days postoperatively. 
Fever continued after surgery, and Pseudomonas aeruginosa 
was isolated from the exudate of the grafted skin, in blood, 
and urine. The wound improved after saline washing and 
meropenem administration. The patient developed MWs from 
the recurrence 2.5 years later, for which hip disarticulation 
was performed. Pus was observed from the separated wound 
one month after surgery, and Pseudomonas aeruginosa was 
cultured from the wound. Irrigation and debridement were 
performed and meropenem was administered, which cured the 
deep incisional infection.

Laboratory investigation. The values of the laboratory tests for 
each patient are shown in Table SII. Four patients presented with 
elevated WBC count (average; 10169/µl, range: 5820‑14820/µl), 
which decreased to the normal value within three weeks after 
surgery for all patients (Fig. 1A). Five patients presented with 
elevated CRP (average; 8.4 mg/dl, range: 0.11‑27.7 mg/dl), which 

decreased to the normal value in three patients and was less 
than 1 mg/dl in the other two patients after surgery (Fig. 1B). 
Four patients presented with low Hgb, which was diagnosed as 
anemia (average; 11.4 g/dl, range: 8.2‑14.4 g/dl) (Fig. 1C). Four 
patients received RBC transfusions. The value of Hgb improved 
in three patients, though new asymptomatic anemia was seen in 
two patients after surgery. Two patients presented with elevated 
levels of BUN (average; 18.4 mg/dl, range: 9.7‑43.5 mg/dl), 
which improved to within normal limits within one week after 
surgery in both the patients (Fig. 1D). Cr was within the normal 
range (average; 0.77 mg/dl, range: 0.53‑0.96 mg/dl) in all patients 
during the first presentation and after surgery (Fig. 1E). Six 
patients presented with low Alb levels (average; 3.2 g/dl, range: 
1.6‑3.9 g/dl), which improved in three patients after surgery 
(Fig. 1F). ALT was within the normal range (average; 19 g/dl, 
range: 6‑38 g/dl) during the first presentation, and one patient 
had transient elevation after surgery (Fig. 1G). All but one patient 
presented with elevated AST (average; 23 g/dl, range: 11‑56 g/dl), 
which improved within five weeks after surgery (Fig. 1H). 
Two patients had transient elevation after surgery. All but one 
patient presented with elevated T‑bil (average; 0.98 mg/dl, range: 
0.47‑2.3 mg/dl), which improved to the normal value one week 
after surgery (Fig. 1I), and significantly decreased two weeks 
after surgery (P=0.04).

Prognosis. Among the seven patients, one experienced local 
recurrence after 4 months, and underwent re‑excision of the 
recurrent lesion. Three patients had distant metastases at 

Table IV. Microbiological analyses and antibiotics.

A, Initial presentation    

Case Sampling Bacterial strain Antibiotics

1 Wound Pseudomonas aeruginosa Enterococcus faecalis Alcaligenes faecalis Levofloxacin hydrate
2 Wound Methicillin‑sensitive Staphylococcus aureus Streptococcus dysgalactiae Clindamycin
   + Cefazolin sodium 
   → Cefazoplan
 Blood Negative 
3 Wound  Methicillin‑sensitive Staphylococcus aureus Bacillus cereus Cefazolin sodium 
4 Wound  Methicillin‑sensitive Staphylococcus aureus Proteus vulgaris Cefazolin sodium 
6 Wound  Enterobacter cloacae Acinetobacter baumannii complex Cefazolin sodium 
  Stenotrophomonas maltophilia Peptostreptococcus asaccharolyticus 

B, Surgical site infection   

Case Sampling Bacterial strain Antibiotics

1 Wound Pseudomonas aeruginosa Enterococcus faecalis ‑
   
2 Wound Methicillin‑sensitive Staphylococcus aureus Meropenem
3 Initial surgery  
   Wound, blood, urine Pseudomonas aeruginosa Meropenem
 Recurrence  
   Wound Pseudomonas aeruginosa Meropenem
   Blood Negative 
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presentation: lymph node metastasis in two patients, lung 
metastasis in one patient, and bone metastasis in one patient. 
Two patients developed distant metastases during the follow‑up 
period, including lymph node metastasis in one patient, lung 
metastasis in one patient, and soft tissue in one patient. Four 
patients died before the last follow‑up. The 5‑year OS rate was 
71% (Fig. 2).

Case 1. The patient was a 42‑year‑old woman with MW from a 
myxoid liposarcoma in the thigh. She was quickly transported 
to the hospital because of pain and fatigue. She had a large 
tumor in her left thigh with bleeding, odor, and exudate on the 
overlying skin (Fig. 3A and B), and was referred to our institu‑
tion. MRI revealed a mass with high intensity on T2‑weighted 
images (Fig. 3C and D). CT revealed multiple lesions in both 

lungs. Although the patient was conscious (Glasgow Coma 
Score of 15), she was pale and had abnormal vital signs: fever 
(39˚C), low systolic blood pressure (89 mmHg), tachycardia 
(123/min), and hyperpnea (38/min). She also had low oxygen 
saturation (96%). Laboratory examination showed elevation of 
WBC (14820/µl), CRP (27.7 mg/dl), BUN (43.5 mg/dl), AST 
(56 U/l), and T‑bil (2.3 mg/dl), low value of Hgb (8.2g/dl) and 
Alb (1.6 g/dl), and normal levels of ALT and Cr. Infection was 
suspected in the presence a qSOFA score of 2 at presenta‑
tion. The patient received red blood cell (RBC) transfusions 
and infusion. A diagnosis of sepsis was confirmed by a 
SOFA score of 2. Culture from the wound revealed MSSA 
and Streptococcus dysgalactiae, for which clindamycin 
and cefazolin sodium were given. Improvement was seen in 
both clinical status and abnormal laboratory values. Needle 

Figure 1. Laboratory results. The levels of WBC, CRP, Hgb, BUN, Cr, Alb, ALT, AST and T‑bil were investigated at the initial presentation and after surgery 
(2‑6 weeks). (A) A total of four patients presented with elevated WBC count (average 10169/µl), which decreased to the normal range within three weeks after 
surgery in all patients. (B) A total of five patients presented with elevated CRP (average 8.4 mg/dl), which decreased over time. (C) Four patients presented 
with low Hgb and were diagnosed as having anemia (average 11.4 g/dl). The level of Hgb improved in three patients. (D) Two patients presented with elevated 
BUN (average 18.4 mg/dl), which normalized within one week after surgery. (E) Cr was within the normal range (average 0.77 mg/dl) in all patients during 
the first presentation and after surgery. (F) Six patients presented with low Alb (average 3.2 g/dl), which improved in three patients after surgery. (G) ALT was 
within the normal value (average 19 g/dl), and one patient experienced transient elevation after surgery. (H) All patients, except for one, presented with elevated 
AST (average 23 g/dl), which improved within five weeks after surgery. (I) All patients, except for one, presented with elevated T‑bil (average 0.98 mg/dl), 
which improved to within normal limits one week after surgery, and significantly decreased two weeks after surgery. *P=0.04. Alb, albumin; ALT, alanine 
aminotransferase; AST, aspartate aminotransferase; BUN, blood urea nitrogen; Cr, creatinine; CRP, C‑reactive protein; Hgb, hemoglobin; T‑bil, total bilirubin; 
WBC, white blood cell.
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biopsy revealed myxoid liposarcoma. Hip disarticulation was 
performed four days later, and all abnormal values of labora‑
tory examinations improved after surgery. Antibiotics were 
changed to cefazolin after surgery, which was given for seven 
days.

Case 6. The patient was a 78‑year‑old man who was referred to 
our institution for further examination of MW from a myxofi‑
brosarcoma in the upper arm. He had a large tumor in his right 
upper arm with odor and exudate on the wounded overlying 
skin (Fig. 4A). MRI revealed a mass with high intensity on 
T2‑weighted images (Fig. 4B and C). Laboratory examina‑
tion showed elevation of, CRP (15.1 mg/dl), low value of Hgb 
(9.5 g/dl) and Alb (2.5 g/dl). Culture from the wound revealed 
polymicrobial etiology: Enterobacter cloacae, Acinetobacter 
baumannii complex, Stenotrophomonas maltophilia, and 
Peptostreptococcus asaccharolyticus. Wide resection and 
free flap (latissimus dorsi flap) were performed. Cefazolin 
sodium was given for 7 days postoperatively. Improvement 
was seen in abnormal laboratory values after surgery. Lymph 
node metastasis was documented four years later, which was 
excised, and the patient had remained disease‑free at the last 
follow up.

Discussion

Fromantin et al identified polymicrobial flora composed of 
54 different bacterial types in the microbiological analyses 
of MWs of breast cancer. The study reported that the average 
number of bacteria per patient was 3.6 aerobic species and 1.7 
anaerobic species, with a predominance of Staphylococcus 
aureus, Pseudomonas aeruginosa, Corynebacterium 
striatum, and Proteus mirabilis (4). Lutchminarian et al 
reported that the most common pathogen in the wound was 
Staphylococcus aureus (33%), followed by β‑hemolytic 
Streptococcus (17%) and Pseudomonas aeruginosa (17%) in 
patients with MWs of STS (13). Similar to these reports, we 
found that MSSA was the most commonly isolated species, 
followed by Pseudomonas aeruginosa and Enterococcus 
faecalis. Moreover, we first showed that MWs of STS were 
polymicrobial in etiology, with an average number of bacteria 

per patient was 2.6, including 1 aerobic species and 1.6 
anaerobic species.

We found that SSI occurred in three of the seven patients 
(43%). This high rate of SSI is in line with a previous report in 
which SSI was found to be in as many as 26‑42% of patients 
with MWs (15,18). There are numerous reports investigating 
the risk factors associated with SSI (28‑30). According to 
the international consensus on orthopedic infection by the 
Musculoskeletal Infection Society, the risk of developing SSI is 
influenced by several factors, such as malignancy, malnutrition, 
preoperative anemia, age (>75 years), and a history of diabetes 
mellitus (DM) (28). In a systematic review, risk factors associ‑
ated with SSI among surgical patients include high body mass 
index, National Nosocomial Infections Surveillance risk index 
(contamination class, American Society of Anesthesiologists 
class, and operative time), and a history of DM (30). In this 
study, patients with MWs had multiple accompanying factors, 
including malignancy (100%), contaminated or dirty wound 
(100%), malnutrition with low albumin (86%), and anemia 
(57%), which would lead to a high SSI rate. Hoshi et al 
reported that Candida species were detected most commonly, 
followed by Pseudomonas aeruginosa and Enterococcus 
species from the infected surgical site (18). In this study, we 
found Pseudomonas aeruginosa in two patients and MSSA in 
one patient from the infected surgical site. We compared the 
bacterium both in the preoperative wound and the surgical site 
and found that two of the three patients with SSI had iden‑
tical isolates on both sites. These three patients had received 
perioperative prophylaxis. However, it was unclear whether 
the perioperative antibiotic prophylaxis could be attributed 
in preventing SSI in patients with MWs. The limited efficacy 
of systemic antibiotic injections may be due to the necrotic 
tissue, avascular environment of MWs, and the biofilm (31). 
Once bacteria adhere to the surface of the tissue or prosthetic 
materials, they form microcolonies (31‑33). Next, they produce 
an extracellular polymeric matrix and encase themselves in 
the matrix (33). Bacteria that form biofilms and colonize or 
infect medical devices or wounds are particularly difficult 
to treat as biofilms are highly resistant to antibiotics (32‑34). 
Several pharmaceutical interventions for reducing the 
microbial concentration in the wound have been investigated 
in patients with MWs to avoid wound contamination of 
potentially colonized bacterium (32‑34). Recently, the use 
of metronidazole, which is deemed effective in eliminating 
anaerobes, has been shown to be effective in improving odor 
in 83‑95% of patients (35,36). In a multicenter, open‑label, 
phase III study conducted among patients with unresectable 
breast cancer, head and neck cancer, skin cancer, and STS, 
Watanabe et al reported that 95% of the patients experienced 
relief with respect to severity of odor by using topical metroni‑
dazole 0.75% gel (36). Mohs' paste has also been shown to be 
effective for controlling MWs from various malignant tumors, 
including STS (6‑8). It is mainly composed of zinc chloride 
and was originally developed for curative treatment via 
repeated fixation and excision until there is complete removal 
of the tumor (6). Hoshi et al reported success in the combined 
treatment using Mohs' paste and neoadjuvant chemotherapy 
for undifferentiated pleomorphic sarcoma arising in the right 
chest wall (9). Systemic chemotherapy and Mohs' paste led to 
significant shrinkage of the tumor and received wide resection 

Figure 2. Overall survival. Survival rates were estimated using the 
Kaplan‑Meier method. Five‑year overall survival rate was 71%.
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and reconstruction with a rectus abdominis musculocutaneous 
flap. In this study, we did not utilize these agents prior to 
surgery. As patients with MWs frequently require soft tissue 

coverage for large defects after resection, it is necessary to 
adjust the schedule of plastic surgery, as it is not possible to 
remove it immediately. The pharmacologic agents may be 

Figure 3. A patient with sepsis. A 42‑year‑old woman with sepsis from the malignant wound of myxoid liposarcoma in the thigh. (A and B) The skin overlying 
the large tumor in the left thigh was bleeding and had a foul odor and exudate. (C and D) MRI revealed a mass with high intensity on T2‑weighted images.

Figure 4. A 78‑year‑old man with malignant wound from a myxofibrosarcoma in the upper arm. (A) He had a large tumor in his right upper arm with odor and 
exudate on the wounded overlying skin. (B and C) MRI revealed a mass with high intensity on T2‑weighted images.
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considered for control of both tumor and the infection when 
surgery cannot be performed immediately (33). The efficacy 
of these agents for reducing SSI should be further investigated 
using randomized controlled trials in the future.

We found that patients with MWs of STS had various 
symptoms. They had bleeding (71%), exudated (71%), or devel‑
oped an odor (43%) at the initial presentation. However, these 
symptoms disappeared after surgery. All except for one patient 
experienced pain at the site of the MWs on initial presentation, 
with an average NRS of 4.4. The NRS decreased after surgery, 
with an average of 1.4 (P=0.14) and 0.6 (P=0.04) one and two 
weeks after surgery, respectively., All but one patient had pain 
at the surgical site at the last follow‑up. Two patients presented 
with fever, which improved one week after surgery. Regarding 
laboratory results, the patients had elevated CRP level (71%), 
anemia (57%), malnutrition with low albumin (86%), and 
renal or liver disturbances (14‑29%). These abnormal labo‑
ratory values could have been due to the complex effect of 
both the tumor and infection. We found that these abnormal 
laboratory values were reversible, as most of them improved 
after surgery. Then, we think the tumor with MWs should be 
excised completely if possible.

In this study, one patient was diagnosed with sepsis and 
required emergency treatment. Although she had poor general 
condition at the first presentation to the hospital, RBC transfu‑
sion and infusion could improve the hemodynamics. In case of 
MWs at the first presentation, the microbiological condition is 
sometimes underrecognized or underestimated because physi‑
cians tend to focus on investigating the oncological condition of 
the patient (9). However, physicians should consider that MWs 
can potentially turn into a life‑threatening condition when 
complicated by sepsis. Clinical parameters, such as vital signs, 
laboratory results, bacterial culture from the wound should be 
examined promptly to manage the patients adequately.

We found some studies which highlight the oncological 
implications of MWs of STS (15‑18). In these previous reports, 
patients with MWs of STS presented with high proportion of 
metastases (20‑33%) and had a poor prognosis with a 5‑year 
OS of 15‑26% (15‑18). Potter et al compared the oncological 
outcomes between the MWs group and the non‑MWs group 
and found that patients with MWs from STS presented with a 
higher rate of metastases (33% in the MWs group and 9% in the 
non‑MWs group; P=0.003) and had a poor prognosis (5‑year 
OS of 20% in the MWs group and 63% in the non‑MWs group; 
P<0.0001) (16). Similarly, Parry et al reported that prognosis 
of patients with MWs was poor compared to that of without 
MWs (5‑year OS of 15% in the MWs group and 66% in the 
non‑MWs group; P<0.0001) (17). They also reported that MW 
was associated with poor prognosis as an independent risk 
factor. In line with previous reports (15‑18), three out of seven 
patients in our study had distant metastases during presenta‑
tion. All patients had high‑grade sarcoma and a relatively 
large tumor size (>5 cm), and three patients died because of 
the disease before the last follow‑up, with a 5‑year OS rate of 
71%. However, limb salvage may be difficult for bulky tumors, 
which often increases the risk of amputation (20‑33%). In 
previous reports, 48‑60% of patients required plastic surgery, 
including skin graft or flap in limb‑sparing surgery (15‑18). In 
the current study, five patients initially underwent limb‑sparing 
surgery, and four patients required skin graft or flap.

This study has some limitations. First, it has a small 
sample size of only seven patients. MW occur in 3‑4% STS. 
Therefore, it was difficult to include enough cases for this 
study. Second, we did not investigate the biofilms in the MWs. 
Since, this is a retrospective study, we had not investigated 
the biofilms in this series of the patients. Third, due to the 
retrospective study we had not investigated the preoperative 
microbiological samples from the necrotic zone of the wound 
in all patients. However, we showed that the MWs of STS had 
a polymicrobial etiology with an average number of bacteria 
per patient was 2.6, and predominance of Staphylococcus 
aureus and Pseudomonas aeruginosa, consistence with 
previous reports. Fourth, we could not determine the effec‑
tiveness of selected antibiotics in preventing SSI in patients 
with MWs, since not all patients received perioperative 
prophylaxis. Their effectiveness in preventing SSI needs to 
be investigated in the future. Despite these limitations, this 
is the first report investigating perioperative clinical symp‑
toms, laboratory examination, and the bacterial landscape in 
patients with MWs of STS.

In conclusion, MW is composed of high‑grade sarcoma 
and polymicrobial colonization. Physicians should consider 
that MWs can possibly lead to life‑threatening conditions 
when complicated by sepsis; therefore, clinical and labora‑
tory examinations should be performed promptly to manage 
patients adequately. Although patients presented with 
various symptoms and showed abnormal values in laboratory 
examination, they might improve after surgical resection. The 
effectiveness of the selected antibiotics based on the results of 
the preoperative culture in preventing SSI needs to be investi‑
gated in the future in patients with MWs.
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