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Abstract. – BACKGROUND: In lung cancer pa-
tients, metastases to soft tissues (STs), including
skeletal muscle, subcutaneous tissue and skin,
are rarely reported. Besides, lung cancer, primary
carcinomas of the kidney and colon are the most
commonly associated with ST metastases.

AIM: To determine the prevalence, clinical-
pathological features and treatment options of
ST metastases originating from lung carcinoma.

MATERIALS AND METHODS: A literature
search was performed using the following terms:
lung cancer, ST metastasis, skeletal muscle
metastasis, cutaneous metastasis, subcutaneous
metastasis.

RESULTS: Autopsy series have detected STs
metastases in 0.75-9% of patients who died from
metastatic lung carcinoma. Pain and the presence
of a palpable mass are the most frequent clinical
features.The biopsy is recommended after MRI for
diagnosis. Due to the rarity of ST metastases, the
differential diagnosis must be posed especially
with primary ST sarcomas. The type of treatment
depends on the patient’s clinical status and prog-
nosis, and includes observation, radiotherapy,
chemotherapy and surgery.

CONCLUSIONS: In lung cancer patients, ST
metastases are rare, but not exceptional. Their
presence should be suspected in the presence
of a palpable mass either painful or asympto-
matic. Radiological and histological examina-
tions are required for the definite diagnosis. The
choice of treatment should be based on consid-
erations related to the stage of the primary tu-
mor and the patient’s global health status.
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Introduction

Lung cancer is the leading cause of cancer-re-
lated deaths1. Over 157,000 new cases and
142,000 deaths per year in the U.S. are attributed
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to lung cancer1. Approximately 50% of cases are
metastatic at the time of diagnosis, and 60% of
patients have microscopic or clinically evident
metastasis at the time of primary tumor
treatment1,2. Lung cancer can metastasize to any
organ; post-mortem studies have reported a
prevalence of metastatic localizations in up to
93% of lung cancer patients with end-stage dis-
ease3-5. Major sites of metastases include liver
(33-40%), adrenal glands (18-38%), brain (15-
43%), bone (19-33%), kidney (16-23%), and ab-
dominal lymph nodes (29%)6-8. Metastases to
soft tissues (STs), including skeletal muscle, sub-
cutaneous tissue and skin, are rarely reported in
the literature, although the skeletal muscle ac-
counts for nearly 50% of total body mass9,10.

Epidemiology
The first description of a muscle metastasis

was provided by Wittich in 1854, and Willis was
the first to report a muscle metastasis of lung
origin11. There are several case reports on the
subject, but only few large case series. There-
fore, no definite guidelines on the management
of patients with ST metastases of lung origin are
currently available10-14. Autopsy series reported
ST metastases in 0.75-9% of patients who died
from metastatic carcinomas15-17. The prevalence
of skeletal muscle metastasis (SMM) in autopsy
series of patients with any cancer ranges from
0.8% to 17.5%18-21, whereas skin metastasis are
reported in 0.75-9% of cases15. Studies in lung
cancer patients have revealed a lower prevalence
of cutaneous (1.3-4%)5,6 and muscular metas-
tases (0-0.8%)11,13,14,21,22. However, subclinical
metastases may be more frequent than common-
ly believed11.

The lung is the most common primary carci-
noma leading to clinically recognized ST metas-
tases, followed by kidney and colon cancers10,23.
Nguyen et al9 indicated that the prevalence of ST
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metastasis originating from lung carcinoma
(2.3%) was much lower compared with that of
melanoma (9.8%). Mignani et al24 suggested that
the primary tumor most frequently metastasizing
to the skeletal muscle is renal cell carcinoma, fol-
lowed by gastrointestinal tract cancers and bron-
chogenic carcinomas. Noteworthy, cancers com-
monly metastasizing to the bone such as prostate,
breast and thyroid cancers, only exceptionally
disseminate to STs10.

Pathogenesis
Several theories have been proposed to explain

the “resistance” of skeletal muscle to metastatic
diseases25-29. The mechanical hypothesis postu-
lates that muscle contractions may act protective-
ly by inducing a high tissue pressure25 and vari-
able local blood flow30. In a mouse study, Weiss31

found that the survival of tumor cells injected in-
to the muscle was shorter in electrically stimulat-
ed muscles relative to denervated or non-contrac-
tile control tissues. This finding suggests that
muscle contractions could prevent metastatic cell
survival within the tissue. Although limb skeletal
muscle accounts for approximately 40% of the
weight of an average adult32 and is perfused by a
rich capillary system, blood flow is highly vari-
able in the contractile state and is under the ex-
trinsic influence of β-adrenergic receptors33. In
contrast, sites of frequent metastases, such as the
liver and bones, are characterized by high perfu-
sion and constant blood flow34. During physical
exercise, muscle capillaries dilate and the amount
of blood delivered increases up to 800 folds rela-
tive to the resting state33. Moreover, mesenchy-
mal tissues, including the skeletal muscle, pos-
sess diffusible proteases and other enzyme in-
hibitors that can block enzyme-dependent
processes of invasion or tumor development25. Fi-
nally, blood flow turbulences may destroy circu-
lating tumor cells34.

The metabolic hypothesis highlights the role
of local pH, lactic acid production29, and reactive
oxygen species (ROS) generation25. Researchers
have also proposed that tumor cells may actively
“select” growth environments rather than being
passively lodged in metastatic tissues by chance
of embolization25. Characteristics intrinsic to
skeletal muscle, such as elevated lactate produc-
tion, pH instability and variable oxygen tensions,
may create a milieu unfavorable to the develop-
ment of macroscopic tumor foci, thus making
them clinically undetectable20,29. Of interest, fac-
tors such as traumata can alter these microenvi-

ronments by the release of growth-promoting
factors or fibrin clots that may act as trapping
sites for circulating tumor cells35,36.

Finally, the immunologic hypothesis points on
the cellular and humoral immunity and hypersen-
sitivity reactions37. According to this hypothesis,
lymphocytes and natural killer cells residing
within the skeletal muscle would play a major
role in the inhibition of metastatic cancer cell
growth25,34.

Routes of Dissemination
Several pathophysiological mechanisms of in-

tramuscular metastatic spread have been pro-
posed. The hematogenous route is considered to
be the most important pathway. The detection of
arterial emboli consisting of tumor cells confirms
this hypothesis15. Malignant tumors can also
metastasize into the musculature via venous ves-
sels, especially through the paravertebral venous
plexus38. Some Authors have proposed that mus-
cle metastases can originate in intramuscular
aberrant lymph nodes37,39. In particular, metasta-
sis in the psoas muscle might arise in the psoas
lymph nodes located between the musculature
and the spine24,37. Furthermore, SMMs can result
from perineural spread. Interestingly, metastases
to muscles can occur after muscle traumata40.
Magee and Rosenthal41 suggested that skeletal
muscle injuries may alter the local physiology,
resulting in increased susceptibility to developing
metastatic diseases.

Clinical Presentation
Pain is the most frequent symptom (83%), and

a mass is palpable in 78% of cases of ST metas-
tases30. Others modes of presentation include a
painless soft tissue lump in patients with occult
primary tumors10, asymptomatic masses, acciden-
tal diagnosis after a trauma involving the affected
area, weight loss or a single metastasis in a patient
with unknown tumor. It should be noted that non-
small-cell lung carcinoma, when arising peripher-
ally, most commonly presents without pulmonary
symptoms23. The clinical features of a metastatic
carcinoma to STs can mimic a sarcoma. However,
a painful mass is more commonly observed in pa-
tients with ST metastasis than in primary sarco-
mas14. The size of the lesion usually ranges be-
tween 1 and 20 cm (median of 6 cm)30. The most
frequently reported locations of ST metastases in-
clude the back, chest wall, abdomen, thigh mus-
cles, ileopsoas muscle and paraspinous muscles
(Figure 1; Table I)13,14,16,23,30,42,43.
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Figure 1. Soft tissue metastasis
located close to the femur in a lung
cancer patient. The CT scan shows
the presence of perilesional calcifi-
cation, with sparing of the bone
cortex. The MRI scan shows the le-
sion and perilesional edema.

and radiologically28. Notably, ischiogluteal bursi-
tis occurs frequently in cancer patients29.

Surov et al21 showed that 32.5% of identified
SMMs appeared as abscess-like intramuscular le-
sions. Furthermore, secondary muscle abscesses
can occur within metastases, while 3.7% of mus-
cle metastases present with multiple intramuscu-
lar calcifications that can mimic benign muscle
calcifications, such as those occurring in myositis
ossificans, calcific tendinitis, angiomatosis, sys-
temic sclerosis, and calcific myonecrosis.

Although magnetic resonance imaging (MRI)
is not specific for ST metastasis, it has been ad-
vocated as an indispensable tool for the diagno-
sis and treatment planning in patients with ST
malignancies45. MRI has become the preferred
technique for distinguishing ST metastases from
sarcomas and other ST lesions39. In ST metas-
tases, MRI scans typically show lesions with
poorly defined margins, low signal intensity on
T1-weighted sequences, high signal intensity on
T2-weighted sequences, and enhancement with
gadolinium20,24. Surrounding edema is common.
Erosion of the adjacent bone is rarely evident in

Damron and Heiner23 showed that ST metas-
tases can occur in many muscular and subcuta-
neous districts across the body with a ratio higher
than 1.5:1. Others reported a ratio of 1.2:1, sug-
gesting that subcutaneous ST metastases may
have been under-reported in the literature9. One
explanation for this discrepancy could be that
subcutaneous lesions tend to be smaller than
muscular localizations. Another potential reason
is that 5/19 (26%) of subcutaneous lesions were
1 cm or less in size which may represent a limita-
tion for diagnostic computed tomography (CT)
and magnetic resonance imaging (MRI) scans9 or
because they are less symptomatic than bone
metastases23.

Diagnosis
Due to the rarity of ST metastases, the differ-

ential diagnosis must be posed with primary ST
sarcomas10 and primary muscle lymphomas21 as
well as with several benign diseases, such as
muscle haemangiomas, intramuscular ganglia
and myxomas27,44. In addition, ischiogluteal bur-
sitis can mimic muscle metastases both clinically



MRI scans24. Wide peritumoral enhancement
with central necrosis is one of the main feature
of SMMs, and is detectable in 92% of cases14.
Technetium-99m-labeled nuclear scan can show
increased uptake within the ST mass14. Surov et
al21 have described five different types of SMMs
based on computed tomography (CT) findings:
focal intramuscular masses with homogeneous
contrast enhancement (type I); abscess-like in-
tramuscular lesions (type II); diffuse metastatic
muscle infiltration (type III); multifocal intra-
muscular calcification (type IV); and intramus-
cular bleeding (type V). The largest proportion
of SMMs presents as intramuscular masses
(type I, 52.5%). Of these, 60% of lesions pre-
sents as a single mass and 40% as multiple lo-
calizations21. In ST sarcomas, MRI with
gadolinium provides information about shape,
size and vascularity of the lesions and its rela-
tionship with nerves and/or blood vessels. Most
importantly, this technique allows to define the
nature of the mass and to plan its resection.
Most of connective tissue sarcomas display low
signal intensity on T1-weighted sequences and
high signal intensity on T2-weighted sequences.
The increased vascularity and the presence of
fat within sarcomas can render these tumors hy-
pointense in both T1- and T2-weighted se-
quences. In contrast, dense lesions, such as
desmoid cysts or fibrosarcomas, may appear hy-
perintense in both sequences46.

A recent study showed that fluorine-18 fluo-
rodeoxyglucose positron emission tomography/CT
(F-18 FDG PET/CT) had higher sensitivity than
MRI in detecting skin and ST metastases45. This is
supportive of the increasing role of F-18 FDG
PET/CT in cancer patient management40 and of the
ability of this technique to detect subclinical metas-
tases33,46. Nevertheless, false positives are possible,
as observed in two cases (actinic keratosis, skin
folding) reported by Nguyen et al9.

PET/CT is also highly sensitive for the detec-
tion of ST sarcomas. In such cases, PET/CT is
especially useful in seeking metastases, addition-
al lesions or lymph node localizations46.

Because of the variety of clinical and radiologi-
cal manifestations, misdiagnosis of SMMs is not
infrequent. Hence, although it is important to be
aware of the various imaging patterns of SMMs,
only the histologic examination allows the defi-
nite diagnosis. The biopsy is therefore essential to
gather key diagnostic information to guide subse-
quent treatment and should be performed after
MRI14,23,33.
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Treatment
The treatment of ST metastases depends on

their localization and clinical presentation as
well as on the prognosis related to the primary
tumor. Therapeutic options include observation,
radiotherapy, chemotherapy, and surgery. For
painful masses in the context of a widespread
metastatic disease, radiotherapy or chemothera-
py or both may be indicated based on the prima-
ry tumor, the organ involved, the extent of in-
volvement, symptoms attributable to the various
sites, the patient’s age, health status and goals23.
Radiotherapy is efficacious in controlling pain
and size of the lesion, but can cause relevant
complications such as burns and muscle contrac-
tures14, and it is usually indicated in upper limb
ST metastases not involving the neurovascular
bundle (Figure 2).

Surgical excision may be indicated for isolated
lesions after a long disease-free interval, in tu-
mors with good prognosis or after an appropriate
treatment of the primary tumor23. Surgery can be
associated with radiotherapy performed before or
as an adjunct to surgical treatment23. In selected
cases, the excision not only reduces pain but can
also improve prognosis14. For non-solitary metas-
tases, palliative treatment with surgical debulking
is indicated if pain and neurovascular damage are
becoming clinically significant12. In our experi-
ence, lower limb localizations more frequently
constitute indications to surgery relative to upper
limb lesions.

Prognosis
The presence of ST metastases influences the

treatment of the primary tumor. In fact, in the
case of metastatic lung cancer, surgical excision
of the primary lesion is not indicated, and the pa-
tient is usually treated with chemotherapy
only9,47. Studies have reported that the survival of
patients with ST metastases ranges from less
than 9 months to not more than 3 years after the
diagnosis of the mass, although in some cases
survival up to 5 years has been reported23. A soli-
tary metastasis in the interosseous membrane of
the lower limb was associated with 2 years sur-
vival following surgical treatment (Figure 3 A-
H)48. The presence of a skin metastasis in a lung
cancer patient indicates a poor prognosis, with a
median survival of 2-4 months16,42,43.

Conclusions

In patients with lung cancer, metastatic dis-
semination to STs is infrequent, but not excep-
tional. The presence of ST metastases should be
suspected in lung cancer patients presenting with
painful or asymptomatic palpable masses. The
identification of ST metastases has a relevant im-
pact on the management and prognosis of lung
cancer patients. The diagnosis is based on imag-
ing techniques, especially MRI, CT and F-18
FDG PET/CT. However, the confirmation of di-
agnosis is based on the histological examination

Figure 2. Soft tissue metastasis
located into the ulnar carpal flexor
muscle in a lung cancer patient.
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of bioptic or excisional specimens. Treatment op-
tions for ST metastases include radiotherapy,
chemotherapy, surgical removal as well as com-
bined approaches. Treatment should be tailored
to the nature and extent of the primary tumor, the
presence of metastases involving other
organs/tissues, the patient’s age, the global health
status and therapeutic goals.

References

1) Available at: http://www.cancer.org/aboutus/glob-
alhealth/

2) BAINES MS. Surgical treatment of lung cancer.
Chest 1991; 100: 826-837.

3) SCHUCHERT MJ, LUKETICH JD. Solitary sites of
metastatic disease in nonsmall cell lung cancer.
Curr Treat Options Oncol 2003; 4: 65-79.

4) QUINT LE, TUMMALA S, BRISSON LJ, FRANCIS IR, KRUP-
NICK AS, KAZEROONI EA, IANNETTONI MD, WHYTE RI,
ORRINGER MB. Distribution of distant metastases
from newly-diagnosed non-small cell lung cancer.
Ann Thorac Surg 1996; 62: 246-250.

5) GINSBERG RJ, KRIS MG, ARMSTRONG JG. Cancer of the
lung. In: De Vita VT, Hellman S, Rosemberg SA,

eds Cancer: Principles and practice of oncology.
4th ed. Philadelphia: JB Lippincott, 1993; p. 673.

6) ANDERSON EE. Nonfunctioning tumors of the adren-
al gland. Urol Clin North Am 1977; 4: 263-271.

7) ABRAMS HL, SPIRO R, GOLDSTEIN N. Metastases in
carcinoma. Analysis of 1000 autopsied cases.
Cancer 1950; 3: 74-85.

8) MATTHEWS MJ. Problems in morphology and be-
havior of bronchopulmonary malignant disease,
In: Israel L, Chahinian P, eds. Lung cancer: natur-
al history, prognosis and therapy. New York: Acad-
emic Press, 1976; pp. 23-62

9) NGUYEN NC, CHAAR BT, OSMAN MM. Prevalence and
patterns of soft tissue metastasis: detection with
true whole-body F-18 FDG PET/CT. BMC Med
Imaging 2007; 7: 8.

10) WATMOUGH PJ, CANTY SJ, HIGGINS G, PAUL AS. Soft
tissues metastases from malignant tumours. J
Bone Joint Surg Br 2005; 87: 2-3.

11) PRIOR C. Metastatic tumors in striated muscle; re-
view and case report. Riv Anat Patol Oncol 1953;
6: 543-560.

12) RAMAKRISHNA G, HARMS GF, ERLICHMAN C. Metastatic
non-small cell lung carcinoma with involvement of
extremity musculature: case report and review of
the literature. Mayo Clin Proc 2000; 75: 1333-
1337.

13) PLAZA JA, PEREZ-MONTIEL D, MAYERSON J, MORRISON

C, SUSTER S. Metastases to soft tissue: a review of

Figure 3. Localization of metastatic lung carcinoma in the interosseous membrane. A-B, X-ray showing periosteal reaction in
the distal third of the fibula. C-F, T1- and T2-weighted MRI scans showing that the lesion is strictly close to the fibula. The
coronal plane MRI scan shows that the distal margin of the lesion is located more than 2 cm above the articular surface. G-H,
Postoperative X-ray showing the tibiofibular reconstruction after type 2 resection according to Capanna.



1914

C. Perisano, M.S. Spinelli, C. Graci, L. Scaramuzzo, E. Marzetti, C. Barone, et al.

118 cases over a 30-year period. Cancer 2008;
112: 193-203.

14) TUOHETI Y, OKADA K, OSANAI T, NISHIDA J, HASHIMOTO

M, ITOI E. Skeletal muscle metastases of carcino-
ma: a clinicopathological study of 12 cases. Jpn J
Clin Oncol 2004; 34: 210-214.

15) SPENCER PS, HELM TNL. Skin metastasis in cancer
patients. Cutis 1987; 39:119-121

16) HIDAKA T, ISCHII Y, KITAMURA S. Clinical features of
skin metastasis from lung cancer. Intern Med
1996; 35: 459-462.

17) PICKEN JW. Use and limitations of autopsy data. In L
Weiss (Ed.). Fundamental aspects of metastasis.
Amsterdam: North-Holland, 1976, pp. 377-384.

18) ACINAS GARCIA O, FERNANDEZ FA, SATUE EG, BUELTA L,
VAL-BERNAL JF. Metastasis of malignant neoplasms
to skeletal muscle. Rev Esp Oncol 1984; 31: 57-67.

19) PEARSON CM. Incidence and type of pathologic al-
terations observed in muscle in a routine autopsy
study. Neurology 1959; 9: 757-766.

20) SUDO A, OGIHARA Y, SHIOKAWA Y, FUJINAMI S, SEKIGUCHI

S. Intramuscular metastasis of carcinoma. Clin Or-
thop Relat Res 1993; 296: 213-217.

21) SUROV A, HAINZ M, HOLZHAUSEN HJ, ARNOLD D,
KATZER M, SCHMIDT J, SPIELMANN RP, BEHRMANN C.
Skeletal muscle metastases: primary tumours,
prevalence, and radiological features. Eur Radiol
2010; 20: 649-658.

22) PRIOR C. Metastatic tumors in striated muscle; re-
view and case report. Riv Anat Patol Oncol 1953;
6: 543-560.

23) DAMRON TA, HEINER J. Distant soft tissue metasta-
sis: A series of 30 new patients and 91 cases
from the literature. Ann Surg Oncol 2000; 7: 526-
534.

24) MIGNANI G, MCDONALD D, BORIANI S, AVELLA M, GAIANI

L, CAMPANACCI M. Soft tissue metastasis from carci-
noma. A case report. Tumori 1989; 75: 630-633.

25) SRIDHAR KS, RAO RK, KUNHARDT BK. Skeletal muscle
metastases from lung cancer. Cancer 1987; 59:
1530-1534.

26) MULSOW FW. Metastatic carcinoma of skeletal
muscles. Arch Pathol 1943; 35: 112-114.

27) CHANDLER RW, SHULMAN I, MOORE TM. Renal cell car-
cinoma presenting as a skeletal muscle mass: a
case report. Clin Orthop Relat Res 1979; (145):
227-229.

28) LAURENCE AE, MURRAY AJ. Metastasis in skeletal mus-
cle secondary to carcinoma of the colon–presenta-
tion of two cases. Br J Surg 1970; 57: 529-530.

29) SEELY S. Possible reasons for the high resistance of
muscle to cancer. Med Hypotheses 1980; 6: 133-
137.

30) POP D, NADEEMY AS, VENISSAC N, GUIRAUDET P, OTTO

J, POUDENX M, MOUROUX J. Skeletal muscle metas-
tasis from non-small cell lung cancer. J Thorac
Oncol 2009; 4: 1236-1241.

31) WEISS L. Biomechanical destruction of cancer cells
in skeletal muscle: a rate-regulator for hematoge-
nous metastasis. Clin Exp Metastasis 1989; 7:
483-491.

32) ROTTERDAM H, SLAVUTIN L. Secondary tumors of soft
tissues: An autopsy study, In: Fenoglio CM, Wolff
M, eds. Progress in surgical pathology, vol. 3,
New York: Masson, 1980; pp. 147-168.

33) SINCLAIR DC. MUSCLES AND FASCIAE, IN: ROMANES GJ,
ED. Cunningham’s textbook of anatomy. 12th eds.
Oxford: Oxford University Press, 1981; pp. 265-
409.

34) FIDLER IJ. The biology of cancer metastasis. Semin
Cancer Biol 2011; 21: 71.

35) FERRIGNO D, BUCCHERI G. Lumbar muscle metasta-
sis from lung cancer–report of a case. Acta Oncol
1992; 31: 680-681.

36) FISHER B, FISHER ER, FEDUSKA N. Trauma and the lo-
calization of tumor cells. Cancer 1967; 20: 23-30.

37) STEIN-WEIBLOWSKI R. Skeletal muscle and tumor
metastasis. Experientia 1974; 30: 423-424.

38) MACCAURO G, SPINELLI MS, MAURO S, PERISANO C,
GRACI C, ROSA MA. Physiopathology of spine
metastasis. Int J Surg Oncol 2011; 2011: 107969.

39) O'KEEFE D, GHOLKAR A. Metastatic adenocarcinoma
of the paraspinal muscles. Br J Radiol 1988; 61:
849-851.

40) CZERNIN J, ALLEN-AUERBACH M, SCHELBERT HR. Im-
provements in cancer staging with PET/CT: litera-
ture-based evidence as of September 2006. J Nu-
cl Med 2007; 48(Suppl 1): 78S-88S.

41) MAGEE T, ROSENTHAL H. Skeletal muscle metastasis
at sites of documented trauma. AJR A J
Roentgenol 2002; 178: 985-988.

42) SCHWARTZ RA. Cutaneous metastatic disease. J Am
Acad Dermatol 1995; 33: 161-182.

43) PERNG DW, CHEN CH, LEE YC, PERNG RP. Cutaneous
metastasis of lung cancer: an ominous prognostic
sign. Zhonghua Yi Xue Za Zhi (Taipei) 1996; 57:
343-347.

44) FERNYHOUGH JC, FRIEDLAENDER GE, FAPPIANO AP, BAR-
RICELLI G. Metastatic adenocarcinoma to the skele-
tal muscle presenting as a thigh mass. A case re-
port. Orthopedics 1989; 12: 1383-1384

45) KRANSDORF MJ, JELINEK JS, MOSER RP JR, UTZ JA,
BROWER AC, HUDSON TM, BERREY BH. Soft-tissue
masses: diagnosis using MR imaging. AJR Am J
Roentgenol 1989; 153: 541-547.

46) MANKIN HJ, HORNICEK FJ. Diagnosis, classification,
and management of soft tissue sarcomas. Cancer
Control 2005; 12: 5-21.

47) PICCIOLI A, CAPANNA R. Il Trattamento delle Metastasi
Ossee, Linee Guida SIOT, 2008.

48) MACCAURO G, LIUZZA F, MURATORI F, FALCONE G,
GOSHEGER G. A very rare localization of metastatic
lung carcinoma to the interosseous membrane.
Arch Orthop Trauma Surg 2003; 123: 563-566.


