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Abstract
BACKGROUND
Colorectal adenocarcinoma is the third most common cancer worldwide. It accounts for almost 10% of all cancer-related deaths. Skeletal muscle is a very unusual site for metastasis from colorectal cancers and is associated with a poor prognosis and high mortality.

AIM
To review the literature for cases of skeletal muscle metastasis (SMM) from colorectal adenocarcinoma.

METHODS
A systematic literature search using a validated search strategy was carried out to identify the incidence of SMM associated with colorectal adenocarcinoma. The studies identified were tabulated in a PRISMA, and data was extracted in a tabulated form.

RESULTS
Twenty-nine studies were included in this literature review. SMM was most commonly detected in the thigh muscles. Most of the tumours had originated from the rectum or the right colon. The histopathology of the primary tumour was generally advanced. The mean time interval between the primary tumour and onset of SMM was 22 mo. In 3 cases, asymptomatic SMM had been picked up by advanced imaging systems, like fluorodeoxyglucose-positron emission tomography scan.

CONCLUSION
SMM from colorectal adenocarcinomas is a rare complication. However, it is possible that the low incidence could be due to under-reporting. Early use of advanced imaging techniques and a high index of clinical suspicion might increase the reporting of SMM from colorectal adenocarcinoma.
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Core Tip: Skeletal muscle metastasis (SMM) from a colorectal adenocarcinoma is a rare complication. Presentation usually occurs at a late stage, and prognosis remains poor. However, with a high index of suspicion and early use of advanced investigative modalities, like fluorodeoxyglucose-positron emission tomography scan, SMM can be detected and treated at an earlier stage. Further research is required to better understand the prognosis and pathophysiology of SMM.

INTRODUCTION
Colorectal cancer is the third most common cancer worldwide, with at least 1.8 million new cases reported across the globe in 2018, and accounting for almost 10% of all cancer-related deaths worldwide[1,2]. Fortunately, there have been significant improvements in the life expectancy and survival rates after colorectal cancer. In particular, over the last 40 years, 5-year survival rates after a diagnosis of colorectal cancer have increased from 22% to 57%[2]. The improvement in survival has been attributed to a plethora of reasons, including screening and surveillance programmes, advanced endoscopic diagnostic and therapeutic techniques, use of minimally invasive surgical approaches (like laparoscopic and robotic techniques), and refined adjuvant and neoadjuvant chemotherapy and radiotherapy options. 
Metastasis of colorectal cancer occurs via lymphatic, hematogenous and direct-spread routes, with the most common secondary sites being the liver, lungs, peritoneum, lymph nodes, and bones[3]. Intriguingly, although skeletal muscles constitute almost 50% of the total body mass, the incidence of metastasis to skeletal muscles from all forms of cancers is extremely low[4]. Many studies have commented on the possible reasons for the relatively low incidence of metastases to skeletal muscles. Hypotheses include variable blood flow to skeletal muscles, rare incidence of microvasculature damage due to cancer cells in skeletal muscles, and production of a low molecular weight non-protein factor that may inhibit tumour cell proliferation[5]. 
The aim of this study was to review the literature for cases of skeletal muscle metastasis (SMM) from colorectal adenocarcinoma.

MATERIALS AND METHODS
A systematic literature search was carried out in December 2021, using a validated search strategy as described below.

Search strategy
The search was performed using Reference Citation Analysis, PubMed, Medline, Embase, Cochrane Library and Google Scholar databases. Journals, as well as society websites, were also searched using the search terms “skeletal muscle metastasis”, “colorectal cancer”, “case reports”, and “review.” The search strategy was standardized using the PRISMA guidelines. Two researchers (Khalil A, Bodapati S) reviewed the summary and abstracts of the articles. A full-text review was then performed by all three authors.

Inclusion criteria
Articles that were not available in English language were excluded from the study. Only studies with full texts available that included data for pathological evidence of SMM from colorectal origin were considered. Studies with pathology data other than adenocarcinoma were excluded. No other exclusion criteria were used. The data were extracted by the three researchers and included patient characteristics, year of publication, site of primary tumour, presenting symptom, type of surgery performed for the primary lesion, site of skeletal and non-skeletal metastasis, time interval for onset of skeletal metastasis, and final outcome.
Information about the number of relevant citations, number and reasons of studies excluded after full assessment, as well as number of studies included in the systematic review fit in a well-designed PRISMA diagram, as presented in Figure 1.

RESULTS
Characteristics of studies
The initial search yielded 138 eligible studies, of which 29 ultimately fit our inclusion criteria for the review (all case reports). These studies covered a total of 30 patients. Detailed characteristics of the studies are shown in Table 1. 

Patient profiles
The median age of the patients was 67 years (range: 23-83 years), with 19 male patients and 11 female patients. The primary tumour was present in the right colon in 10 patients, transverse colon in 4, left colon in 5, and rectum in 11. The presenting symptoms were pain (6 patients), palpable lump (4 patients), painful lump (9 patients), and ocular symptoms (2 patients). Three of the patients had the SMM incidentally diagnosed by imaging. Only 3 of the reported cases mention an early primary lesion (tubulovillous adenoma with high-grade dysplasia or T2 stage tumours). Six cases reported indicated that the primary lesion was of an advanced nature (T3 or T4). The tumours were either moderately or poorly differentiated in 6 cases. Four of the reported cases indicated that the primary lesion was either a mucin-secreting tumour or signet ring cell tumour.

SMM distribution 
The mean time interval between the diagnosis of the primary tumour and presentation of SMM was 22 mo. Six cases were diagnosed synchronously with the metastasis. There were a wide range of skeletal muscles that were involved in the metastasis, as follows: Upper limb (extensor carpi ulnaris, thenar, deltoid, biceps); lower limb (thigh, tibialis anterior, semimembranous, adductor, sartorius, vastus lateralis); trunk (teres major, glutei, external oblique, neck muscles, paraspinal, rectus abdominus, intercostal, psoas, piriformis); and, extraocular muscles (lateral rectus, superior rectus). However, the most common site of metastasis was the thigh muscle. In 8 cases, the skeletal muscles were the only site of metastasis.
There was no detailed information about the duration of follow-up and final outcome of the disease; however, 10 case reports mentioned that the patients did not survive the disease.

DISCUSSION
Colorectal cancers account for 10.7% of all new cancers reported worldwide[2]. Our literature review has shown that since 1970, only 30 cases of SMM due to colorectal adenocarcinomas have been reported. This highlights the extremely low incidence of skeletal muscle as a metastatic site due to colorectal adenocarcinoma.
The primary pathology in the majority of the patients was in the rectum (11 patients) and the right colon (10 patients). Left-sided colonic tumours accounted for 5 of the cases and transverse colon for 4. A large meta-analysis carried out by Prasanna et al[6] highlighted the different metastatic patterns of colorectal cancers, depending on the site of the primary tumour. This study showed that right colonic tumours were more frequently associated with peritoneal seeding, and rectal tumours were more frequently associated with lung, brain and bone metastases compared to left colonic tumours. Though SMMs were not mentioned in this meta-analysis, the general pattern of higher metastases in right colonic and rectal tumours was also seen in our review. Only 8 patients had no documented simultaneous metastasis in non-skeletal muscles. The other patients had metastases in non-skeletal muscle sites.
The most common presenting symptom of the SMM was a painful lump (9 patients). Six patients had a palpable lump with no description of pain, and 6 patients had pain as the presenting symptom. Three patients had the SMM diagnosed incidentally by imaging. The importance of advanced imaging techniques, especially fluorodeoxyglucose-positron emission tomography (FDG-PET) scanning, for diagnosis of SMM has been highlighted by Emmering et al[7]. Lesions that cannot be detected by routine contrast computed tomography or magnetic resonance imaging can be observed by FDG-PET scans. FDG-PET had a significant impact on early diagnosis and patient management in 51% of cases with muscle metastasis. Hence, if there is a suspicion of SMM, the early use of FDG-PET should be encouraged for diagnosis.
Our review showed that most of the primary tumours were of an advanced nature (either T3 or T4 with positive lymph node status and poor differentiation). Three patients had mucinous features, and 1 patient had signet ring cell features. This raises the possibility that colorectal cancers with advanced aggressive features on the primary pathology have a higher incidence of SMM. Studies have shown that colorectal cancers with advanced pathological features have worse outcomes than early cancers[8]. It has been proposed that the presence of other coexisting pathologies could increase the chances of getting SMM due to colorectal adenocarcinomas. Landriscina et al[9] commented that dermatomyositis and other paraneoplastic syndromes could increase the chances of getting SMM. Kanani et al[10] also documented a case of multiple SMM associated with colorectal adenocarcinoma and non-Hodgkin’s lymphoma with ulcerative colitis. However, no other studies in our literature review commented on any other coexisting pathologies.
The use of minimally invasive approaches has revolutionized the surgical treatment of colorectal cancers. Colorectal resections are now routinely undertaken with the laparoscopic and robotic approaches. Patients have smaller incisions, shorter hospital stays and equal oncological outcomes[11]. The use of laparoscopic surgery for colorectal procedures started in 1990 but became more widespread only in the 21st century. Our case reports were from a lengthy time period, beginning in 1970. Only two case reports specifically mention the use of a laparoscopic approach for the resection. Previous studies have shown that the incidence of distant metastasis and peritoneal seeding is not different between laparoscopic and open approaches[12]. In our search. we did not find any studies that observed that the laparoscopic approach led to fewer distant metastases. However, due to the advantage of decreased environmental exposure due to operating in closed cavities and smaller incisions, the possibility always remains that peritoneal seeding and subsequent metastasis incidence could be lower in minimally invasive approaches.
The incidence of SMM was detected in up to 5.6% of patients in a post-mortem series of cancer patients[13]. However, the incidence of SMM due to colorectal cancers is still extremely low and has been reported to be about 0.028%[14]. The outcome from SMM is generally poor. A large study investigating soft tissue metastases postulated that the survival time from diagnosis to death is 5.4 mo[15]. The studies included in our review were all case reports, and the duration of follow-up was not documented in most of these studies. Hence, it is not possible to comment on the exact mortality of SMM from our study. However, the presence of SMM generally indicates disseminated disease, which would indicate a very poor prognosis.
There have been previous studies that have studied the incidence of SMM due to colorectal cancer[16]. However, we found SMM has been documented in 30 patients in the literature. We believe that this is the maximum number of cases of SMM due to colorectal cancers that have been reported in the literature. All the studies identified were case reports, and very few of these had long-term follow-up. Hence, it is not possible to definitely comment on the treatment strategies and long-term outcomes for these patients. This study again highlights that there is a paucity of literature on SMM due to colorectal adenocarcinoma. This is certainly a field that needs more research in the future.

CONCLUSION
Our review showed that SMM from colorectal adenocarcinomas is a rare complication. However, it is possible that the low incidence could be due to under-reporting. Early use of advanced imaging techniques like FDG-PET and a high index of clinical suspicion might increase the reporting of SMM from colorectal adenocarcinoma.

ARTICLE HIGHLIGHTS
Research background
Skeletal muscle metastasis (SMM) is a rare complication of colorectal adenocarcinomas. The study was conducted to explore, in more detail, the present literature of this unusual finding.

Research motivation
The study encompassed a thorough review of the present literature on SMM due to colorectal adenocarcinoma. Our goal was to highlight the significance of this type of metastasis and increase awareness for early diagnosis and detection.

Research objectives
The aim of this study was to review the literature for cases of SMM from colorectal adenocarcinoma.

Research methods
A systematic literature search was carried out in December 2021. The search strategy was standardized using the PRISMA guidelines.

Research results
SMM were most commonly detected in the thigh muscles. Most of the tumours originated from the rectum or the right colon. The mean time interval between the primary lesion and onset of SMM was 22 mo.

Research conclusions
Our review showed that SMM from colorectal adenocarcinomas is a rare complication. However, it is possible that the low incidence could be due to under-reporting. Early use of advanced imaging techniques, like fluorodeoxyglucose-positron emission tomography, and a high index of clinical suspicion might increase the reporting of SMM from colorectal adenocarcinoma.

Research perspectives
This study again highlights that there is a paucity of literature on SMM after colorectal adenocarcinoma. This is certainly a field that needs more research in the future.
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Figure 1 Flow diagram of the study design according to PRISMA 2009. 

Table 1 Characteristics of case reports of skeletal muscle metastasis in colorectal adenocarcinoma
	[bookmark: _Hlk104646235]Case
	Ref.
	Age/sex
	Site of primary tumour
	Presenting symptom
	Surgery of primary tumour
	Histology of primary
	Site of skeletal metastasis and treatment 
	Non-skeletal metastases
	Time interval in mo
	Follow-up/outcome

	1
	Hasegawa et al[14], 2000
	60/M
	Transverse colon
	Not described
	Transverse colon resection and lymph node dissection + FOLFOX
	Adenocarcinoma
	Right extensor carpi ulnaris muscle; a major part of the right extensor carpi ulnaris and the extensor digiti minimi muscle were resected, warranting a sufficient margin of 5 cm of normal tissue from the tumour
	Multiple hepatic metastases detected 14 mo after primary resection and was resected
	24
	Alive

	2
	Buemi et al[3], 2019
	69/F
	Right colon
	Pain when mobilizing left leg + elevated CEA of 7.7 ng/mL
	Right hemicolectomy
	pT3N0M0 (0/44 lymph nodes)
	Left gluteus muscle; lesion was resected en bloc
	
	7
	Alive; 6 yr after colectomy and 65 mo after resection of the muscular metastasis she was tumour free with normal CEA level

	3
	Yi et al[17], 2015
	67/M
	Caecum
	Swelling and pain
	Right hemicolectomy and subsequent chemotherapy with a regimen containing oxaliplatin
	Poorly differentiated
	Right thenar muscles
	Liver, right kidney, right abdominal wall, left axillary and right subclavicular lymph nodes, skin of right thigh; treatment was given with palliative systemic chemotherapy (FOLFIRI)
	Synchronous
	Dead (9 mo after diagnosis)

	4
	Araki et al[18], 1994
	66/M
	Ascending colon
	Painful lump
	Right hemicolectomy
	
	Right teres major; excision of the mass was performed
	
	6
	Dead (31 mo after surgery)

	5
	Manafi-Farid et al[19], 2019
	23/M
	Rectum
	Incidentally detected in FDG-PET studies
	Proctocolectomy preceded by neoadjuvant chemotherapy and followed by adjuvant chemotherapy, including the FOLFOX regimen
	pT3N1
	Multiple: Deltoid, external oblique, biceps, tongue; excisional biopsy of the deltoid muscle lesion proved to be metastatic adenocarcinoma; commenced chemotherapy (FOLFIRI)
	Lung/adrenal gland/scalp
	24
	Alive

	6
	Torosian et al[20], 1987
	69/M
	Transverse colon
	
	Extended right colectomy
	
	Left thigh; en bloc resection was performed
	
	60
	Not specified

	7
	Okada et al[21], 2009
	70/M
	Rectum
	Painful lump 
	Rectal resection
	
	Right thigh; resection and chemotherapy were given
	Lung
	12
	Alive; the resection of SMM made a positive contribution to his quality of life

	8
	Chang et al[22], 1994
	62/M
	Descending colon
	Painful lump
	
	
	Left tibialis anterior; excision of the mass was performed
	
	Synchronous
	Not specified

	9
	Yoshikawa et al[23], 1999
	54/M
	Sigmoid colon
	Severe buttocks pain
	Partial sigmoid colectomy
	
	Right buttocks; en bloc resection performed
	Multiple metastases
	24
	Died after 8 mo from multiple metastases

	10
	Guo et al[16], 2021
	43/M
	Ascending colon
	Right thigh mass 4 cm × 4 cm with intolerable pain
	Laparoscopic extended right hemicolectomy and four cycles of chemotherapy with CapeOX
	PT4N2bM0; poorly differentiated adenocarcinoma
	Right thigh; a complete resection was suggested but was refused by the patient; unresponsive to FOLFIRI; switched to bevacizumab, irinotecan, and capecitabine
	Bony metastasis and multiple lymph node metastases around the abdominal aorta
	5
	Deteriorated and died 9 mo after primary resection

	11
	Tatsuta et al[24], 2022
	83/M
	Ascending colon
	Pain in the back of his neck
	Curative resection
	Adenocarcinoma
	Cervical (neck muscle); he was prescribed palliative radiation therapy because of his poor performance status
	None
	11
	Died 2 mo after diagnosis of muscle metastasis

	12
	Iusco et al[25], 2005
	73/F
	Ascending colon
	Painful lump 
	Right hemicolectomy
	Dukes C
	Left calf; the mass was excised and received adjuvant radiotherapy
	None
	24
	Alive; no sign of recurrence at a 2-yr follow-up

	13
	Landriscina et al[9], 2013
	71/F
	Right colon 
	Detected on PET/CT scan
	Right hemicolectomy with subsequent systemic neoadjuvant chemotherapy for liver metastasis followed by radical hepatectomy
	Poorly differentiated adenocarcinoma
	Deltoid, sternocleidomastoid and other multiple sites; chemotherapy with FOLFOX was administered for 3 cycles but discontinued due to traumatic femur fracture
	Liver/lung
	23
	Disease progression and death

	14
	Hattori et al[26], 2008
	64/F
	Rectum
	Asymptomatic; increased CEA; discovered by FDG-PET
	Abdominoperineal rectal resection
	Moderately differentiated adenocarcinoma
	Right thoracic paraspinal muscles; en bloc excision was performed including the paraspinal muscles
	Solitary lung metastasis, which was resected 3 yr previously by lobectomy with subsequent immunochemotherapy
	96
	Alive

	15
	Choi et al[27], 2008
	83/F
	Rectum
	Painful lump 
	Low anterior resection and right liver lobectomy 
	T2N1M1
	Semimembranous muscle of right thigh
	Solitary pulmonary nodule in left lobe
	48
	Died of heart failure on second postoperative day 

	16
	Doroudinia et al[28], 2019
	48/M
	Rectum
	Subcutaneous lump
	Abdominoperineal rectal resection followed by adjuvant radiotherapy and chemotherapy
	High grade mucinous adenocarcinoma
	Right proximal thigh; the patient became a candidate for tumour excision (metastasectomy) followed by additional course of chemotherapy.
	None
	38
	Not specified

	17
	Tunio et al[29], 2013
	28/M
	Transverse colon 
	Abdominal pain and hard nodule at anterior abdominal wall
	Extended right hemicolectomy; radiotherapy; FOLFOX4 
	Mucinous moderately differentiated adenocarcinoma T4N2bM0
	Rectus abdominis muscle and right gluteus maximus; underwent palliative radiotherapy followed by systemic chemotherapy
	None
	11
	Alive at time of publication with progressive disease

	18
	Simeunovic et al[30], 2014
	55/F
	Rectum
	Lower back pain and left hip pain as first manifestation of the primary tumour
	Radiotherapy; chemotherapy with FOLFOX
	Poorly differentiated adenocarcinoma
	Left adductor muscle
	None
	Synchronous
	Not specified

	19
	Prabhu et al[31], 2017
	69/M
	Rectum
	Severe low back ache
	Neoadjuvant; abdominoperineal resection; capecitabine
	Adenocarcinoma with signet ring cell features T3N2; Dukes C1
	Multiple skeletal muscles: left sartorious, left vastus lateralis, left infraspinatus, left levator scapulae, left tenth Intercostal muscle, right subscapularis muscle
	None
	4
	Not specified

	20
	Tai et al[32], 2014
	81/M
	Caecum
	Severe right shoulder pain
	Palliative chemotherapy; palliative right hemicolectomy
	Poorly differentiated adenocarcinoma
	Right supraspinatus muscle
	Right lobe of lung
	Synchronous
	Patient transitioned to hospice

	21
	Farraj et al[33], 2021
	52/F
	Rectum
	Noted with preoperative staging
	Low anterior resection; adjuvant combination of oxaliplatin, capecitabine, and pelvic external beam radiation therapy
	Moderately differentiated adenocarcinoma T2N1a
	Left psoas muscle
	None
	Synchronous
	Patient is currently maintained on platinum doublet chemotherapy with control of metastatic disease

	22
	Salar et al[34], 2012
	67/F
	Rectum
	Deep pelvic and left buttock pain
	EUA; submucosal polypectomy
	Tubullovillous adenomatous polyp with high grade dysplasia
	Left piriformis muscle
	None
	18
	Patient began cycles of chemoradiotherapy with plans for further surgical resection

	23
	Homan et al[35], 2000
	72/F
	Descending colon
	
	Surgical resection; FOLFOX
	
	Thigh
	
	
	NA

	24
	Takada et al[36], 2011
	71/M
	Sigmoid colon 
	
	Radiotherapy; FOLFOX; resection “Hartmann”
	Stage III adenocarcinoma
	Left iliopsoas muscle; received radiotherapy and 15 courses of FOLFOX + bevacizumab for decreasing large and unresectable tumour; then resection was performed
	GI metastasis
	60
	5 mo after resection of muscle metastasis, there was no recurrence

	25
	Naik et al[37], 2005
	56/M
	Ascending colon
	A lump
	Resection; chemotherapy FOLFOX; radiotherapy
	Mucin secreting adenocarcinoma
	Rectus abdominis muscle; resection was performed
	NA
	60
	Not specified

	26
	Burgueño Montañés and López Roger[38], 2002
	60/M
	Rectosigmoid
	Exophthalmos
	Radiotherapy; FOLFOX
	
	Lateral rectus muscle
	
	
	Not specified

	27
	García-Fernández et al[39], 2012
	32/M
	Colon
	Palpebral oedema, conjunctival chemosis, severe exophthalmos, complete ptosis in left eye and limitation in eye movement mainly in abduction and supraversion
	Resistant to chemotherapy
	Stage IV
	Superior rectus elevator muscle of upper eyelid complex and external rectus muscle
	
	
	Due to the patient generally feeling unwell, radiotherapy was not considered, and an intravenous bolus of corticoids was given, without response, resulting in the death of the patient

	28
	Lampenfeld et al[40], 1990
	75/F
	Rectum
	Progressive growth of left buttock mass
	Excision of mass
	Adenocarcinoma
	Left gluteus maximus and medius
	
	24
	

	29
	Laurence and Murray[41], 1970; Case 1
	70/F
	Caecum
	Painful mass in posteroexternal aspect of right calf and leg oedema
	Right hemicolectomy 
	Ulcerated villous adenocarcinoma
	Right calf; en bloc resection was performed
	Generalized metastasis
	24
	Died due to generalized metastasis

	30
	Laurence and Murray[41], 1970; Case 2
	51/M
	Transverse colon
	
	Right colectomy
	
	Right forearm; en bloc resection was performed
	Generalized metastasis
	Synchronous
	Died due to generalized metastasis


CapeOX: Combination of capecitabine and oxaliplatin; CEA: Carcinoembryonic antigen; EUA: Examination under anaesthesia; F: Female; FDG-PET: Fluorodeoxyglucose positron emission tomography; FOLFOX: Combination of folinic acid, 5-fluorouracil and oxaliplatin; FOLFOX4: Combination of 5-fluorouracil, leucovorin and oxaliplatin; FOLFIRI: Combination of leucovorin, 5-fluorouracil and irinotecan; GI: Gastrointestinal; M: Male; NA: Not available; PET/CT: Positron emission tomography computed tomography; SMM: Skeletal muscle metastasis.
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