TITLE: Epidemiology, diagnostic approach and therapeutic management of tailgut cysts: a systematic review.
ABSTRACT
Background: Tailgut cysts (TGCs) are benign congenital abnormalities that usually present with non-specific symptoms, comprising a diagnostic dilemma for the physicians. The aim of this study was to systematically review the literature concerning clinical manifestations, diagnostic modalities and histologic findings of TGCs and highlight current knowledge on therapeutic management of this rare entity.
Methods: PubMed and Embase databases were systematically searched by two independent investigators (last search February 18, 2021) for studies concerning TGCs published in the last two decades. 
Results: Totally, 144 articles, including 135 case reports and 9 case series, met our inclusion criteria. 184 patients were included (3:1/female: male) with an age of 42.3 ± 18.7 (mean, SD) years, while 5 cases concerned newborn infants. Pain was the prevailed clinical manifestation (41.8%) whereas 16.8% were asymptomatic. MRI and CT were utilized for diagnosis in 58.7% and 54.7% of cases, respectively. The majority of cysts were multilocular, while ciliated columnar epithelium and smooth muscles of the cyst wall were the prevailed histological findings. Malignant degeneration of TGCs was reported on 32.1% of cases while carcinoid tumors were the most frequent malignancies. Surgical resection was performed at 155 cases, while laparoscopic and robotic approach at 18 and 2 cases respectively. A posterior approach was implemented in 80.9%, anterior technique in 9% and combined technique in 6.7% of cases. Postoperative complications and recurrence of the cystic lesion were reported in 17.4% and 7.6% of cases, respectively.
Conclusions: TGCs constitute a dilemma for the physicians. Surgical resection comprises the ultimate treatment in order to avoid complications or malignant transformation of the cyst. Further well-designed studies are needed to assess follow-up strategies and the optimal therapeutic options for TGCs.
[bookmark: _Hlk66360276]REVIEW CRITERIA
All case reports published in the last two decades reporting on tailgut cysts or retrorectal hamartomas were identified through a systematic search on PubMed and EMABSE data bases until February 18, 2020. The reporting of this systematic review followed the PRISMA statement.
MESSAGE FOR THE CLINIC
Tailgut cysts mainly present in middle aged women with atypical symptoms, comprising a diagnostic challenge for physicians. Physicians should be aware of this rare entity, while surgical resection should be the optimal therapeutic option in order to avoid complications or malignant transformation of the cyst.
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INTRODUCTION
Tailgut cysts (TGCs), also known as retrorectal cystic hamartomas, are congenital abnormalities that develop from the remnant of the post-anal primitive gut and are located at the presacral space between rectum and sacrum and above the retrorectal fascia (1, 2). Although numerous congenital, inflammatory and malignant entities are diagnosed at this region, the incidence of retrorectal lesions is 1/40.000 hospital’s admissions (3). TGCs are extremely rare presacral entities that could be presented in all ages, but most commonly in middle aged women (4, 5). Most of patients are asymptomatic or may present non-specific symptoms, including abdominal pain, rectal bleeding, tenesmus and urinary frequency (6-8). Therefore, TGCs still remain a diagnostic challenge for physicians and their diagnosis is usually delayed (9).        
Although ultrasound (US), computed tomography (CT) and magnetic resonance imaging (MRI) constitute useful tools for detecting and locating the primary cystic lesion, a definitive diagnosis relies only on histological examination (10, 11). Retrorectal hamartomas could lead to various complications, such as bleeding, infection and malignant degeneration (12). The incidence of a tumor arising from a retrorectal hamartoma is high and could develop even on residual tissue after the excision of the cyst (13). Carcinoids and adenocarcinomas comprise the most frequently reported tumors that develop in TGCs (14). Complete resection of TGCs constitutes the mainstay of treatment, aiming to relieve symptoms and prevent subsequent infection or malignant transformation (15, 16). The aim of this study is to systematically review the literature concerning clinical appearance, diagnostic modalities and histologic findings of TGCs, as well as their optimal therapeutic approaches. 
MATERIALS AND METHODS
Literature search and inclusion criteria
This systematic review was conducted according to PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-analysis) guidelines (17). Two investigators (I.G., K.P.) separately searched (last search; February 18, 2021) PubMed / Medline and Embase databases for articles concerning TGCs. The following search terms were utilized: “Tailgut AND Cyst”, “Retrorectal AND Cystic AND Hamartomas”, “Presacral AND Tailgut cyst” and “Presacral AND Hamartoma”. Additionally, the included articles’ references were searched for the identification of eligible manuscripts. Any controversies were resolved by a third, independent investigator (A.M.). Case reports and case series reporting on tailgut cysts or presacral cystic hamartomas, written in English and published after 2000, were included. Studies not written in English, reviews of the literature, case series or case reports with insufficient data, inaccessible articles and studies published before 2000 were excluded from this survey. 
Data extraction
Data extraction was performed by two independent researchers (I.G., K.P.) using a predefined template that included sex and age of patients with TGCs. Furthermore, data concerning clinical appearance, macroscopic and histologic findings, malignant transformation, diagnostic and therapeutic modalities, incidence of recurrence and complications of TGCs, were collected. Malignant degeneration of tailgut cysts was recorded only in patients with age over 18 year.
Statistical analyses
Numerical variables are presented as mean ± SD (standard deviation) or as median (25% quartile –75% quartile), in case they were skewed. Categorical variables are presented using frequencies and percentages. No significant relationship between included variants was tested. Statistical analysis was carried out using IBM SPSS Statistics for Windows, Version 24.0. Armonk, NY: IBM Corp.
RESULTS
[bookmark: _Hlk65166861]Literature search yielded 214 unique articles after duplicates removal. Totally, 144 articles, including 135 case reports and 9 case series, met our inclusion criteria. A detailed flow chart is illustrated in Figure 1. The included studies concerned a total of 184 patients, 139 females (75.5%) and 45 males (24.5%), with a 3:1 (female: male) ratio. The mean age of patients was 42.3 ± 18.7 (mean, SD) years, while 5 cases concerned newborn infants. 
The majority of included patients (41.8%) presented with pain (lower back, rectal, pelvic or lower abdominal pain), while 30 patients (16.3%) were asymptomatic. Detailed clinical manifestations of affected patients are demonstrated in Table 1. Digital Rectal Examination (DRE) recognized a palpable mass in 71 patients (39%), a fistula in 2 cases (1%) and swelling in 2 patients (1%) while was uneventful in 109 patients (59%). During physical examination, pathologic findings including retrorectal masses, fistulas, swelling and tenderness were detected in 28 patients (19.6%), while no pathologic evidence was detected in 148 patients (80.4%). Out of 184 TGC cases, MRI was utilized for diagnosis in 58.7% of cases and CT in 54.7%, while US and endoscopy in 30% and 18% of included cases, respectively. Furthermore, open or Fine Needle Aspiration Biopsy (FNAB) was performed in 20 and 12 affected patients, respectively, whereas an exploratory laparotomy was implemented only in 13 cases. An initial misdiagnosis of this rare entity was reported in 21 (11.4%) cases. Fistulas, supralevator abscesses, dermoid and rectal duplication cysts comprised the most frequent wrong index diagnoses for these patients.
Table 1: Clinical appearance of included patients with TGC
	Symptoms
	Percentage of cases
(out of 184 cases)

	Pain
Lower back
Lower abdominal
Pelvic
Rectal
	41,8% (77 cases)
11.4%
7.6%
7%
26.4%

	Constipation
	15,8% (29 cases)

	Rectal bleeding
	4,9% (9 cases)

	Tenesmus
	3,8% (7 cases)

	[bookmark: _Hlk61596356]Bowel dysfunction
Diarrhea
Painful defecation
Habit change
Perianal discharge
	7,1% (13 cases)
1.6%
3.2%
1.6%
0.5%

	Discomfort
Rectal
Pelvic
Lower abdominal
Lower back
	13,6% (25 cases)
9.8%
0.5%
3.2%
0.5%

	Swelling
Coccyx
Perianal
Low back
	5,4% (10 cases)
1.6%
3.2%
0.5%

	Enlarging mass
	8,2% (15 cases)

	Abdominal distention
	3,3% (6 cases)

	Asymptomatic
	16,3% (30 cases)

	Urinary symptoms
Dysuria
Urinary frequency
Strangury
Hematuria
Incontinence
Retention
	11,4% (21 cases)
4.3%
2.7%
1.6%
0.5%
1.1%
1.1%

	Reproductive symptoms
Dysmenorrhea
Dyspareunea
Vaginal bleeding
	2,2% (4 cases)
0.5%
1.1%
0.5%



Regarding the macroscopic findings of TGCs, solid components were recognized in 15 cases and soft tissues in 12 patients. Forty-nine cases were multilocular, while unilocular cysts were reported only in 12 cases. TGCs presented with well-defined planes at 20 cases, while macroscopic hemorrhage and inflammation were reported on 19 and 8 patients, respectively. Excretion of fluid from the cystic hamartoma was described in 72 patients (40%). Histopathological characteristics of TGCs are precisely displayed in Table 2. Malignant degeneration of TGCs was reported on 59 cases (32.1%). Out of the 59 adults with malignant degeneration, carcinoid tumors were developed in 28 patients, adenocarcinomas in 25 patients, squamous cell carcinomas in 3 patients, adenosquamous carcinomas in two patients and a transitional cell carcinoma in only one patient.
Table 2: Histopathologic findings of included TGCs' cases
	[bookmark: _Hlk61607327]Cyst wall
	Number of cases (%)
	Epithelium of TGCs
	Number of cases (%)

	Smooth muscle 
Fibrous tissue 
Granulation tissue 
	29 (15,8%)
23 (21,1%)
4 (2,2%)
	Columnar
Ciliated columnar
Pseudostratified columnar 
Stratified columnar 
	26 (25%)
27 (26%)
10 (9,6%)
1(1%)

	Goblet cells
Hystiocytes
	13 (12%)
5 (2,7%)
	Mucinous 
Transitional 	
	14 (13,5%)
37 (35,9%)

	Inflammation
	10 (9,2%)
	Keratinized 
	8 (8%)

	
	
	Intestinal 
	6 (6%)

	
	
	Cuboidal 
	9 (9%)

	
	
	Gastric 
	5 (5%)

	
	
	Glandular 
	11 (11%)



[bookmark: _Hlk65168961]Concerning the therapeutic approach of included cases, open surgical resection of the primary lesion was performed at 155 cases, laparoscopic resection at 18 cases and robotic approach at only 2 cases. An extended surgery with coccygectomy was warranted at 23 cases. More precisely, a posterior technique was implemented in 72 (80.9%) cases, anterior technique in 8 (9 %) cases and combined technique (anterior and posterior) in 6 (6.7 %) patients. Finally, a transrectal approach was reported at 3 (3.4%) cases. Out of the 59 cases of TGCs with malignant degeneration, adjuvant chemotherapy was administered in 15 (25.4%) patients, while 14 patients (23.7 %) received adjuvant radiotherapy. Postoperative complications were described in 32 cases (17.4%), while recurrence of the primary cystic lesion after the initial treatment was reported in 14 (7.6%) cases.
DISCUSSION
TGCs are rare benign congenital hamartomas originating from the retrorectal or presacral space (18). Presacral area is delineated posteriorly by the sacrum and Waldeyer’s fascia, anteriorly by the rectum, superiorly by the peritoneal reflection, inferiorly by the levator ani and coccygous muscles and laterally by the uterus and iliac vessels (19-21). This anatomically complex region contains structures derived from the embryonic neuroectoderm, notchord and hindgut. Therefore, a heterogenous group of entities could be developed (19, 22). The vast majority of published studies strongly support that retrorectal cystic hamartomas derive from residual fragments of the embryonic hindgut (4, 23). More specifically, during the 35th day of gestation, embryo develops a tail, in which the primitive gut is aroused and during the 8th week of embryonic development, the tailgut atrophies and involutes (24). The failure of a complete regression of the embryonic post-anal gut results in persistent vestiges and TGCs development (25).
Although TGCs could be presented at any age, they predominantly occur in middle aged women, while their incidence in children remains low (26). In accordance to our findings, a 3:1 (female: male) sex ratio is reported in the majority of published studies (2, 5). Concerning the clinical appearance of TGC affected patients, they usually present with atypical symptoms, caused either by local pressure to the surrounding structures or by infection or malignant transformation of the presacral cyst (27, 28). However, a great number of TGCs’ patients remain asymptomatic and are usually diagnosed incidentally, during routine examination (6, 29). According to our systematic review, rectal and lower back pain as well as constipation and urinary symptoms comprise the most common clinical manifestations of TGCs, whereas 10% of included patients were asymptomatic. Patients’ history of multiple perianal surgeries, recurring abscesses and the inability to detect the primary lesion, should increase physician’s suspicion for TGCs (30, 31). However, rarity of the disease along with atypical presentation contribute to a delayed diagnosis, constituting TGCs’ cases a diagnostic challenge for the physicians (23).
The incidence of malignant degeneration of TGCs differs among published studies in the literature (32, 33). Hjermstad et al. reported a 2% rate of malignant transformation among 53 cases in 1988, while Sakr et al recorded a 6% rate (5, 34). In our systematic analysis, which included cases published during the last two decades, malignant tumors were reported on 32.1 % of included adult patients, suggesting an increased occurrence of tumors arising in TGCs. However, this increased tendency of malignant transformation may be attributed to the decision of surgeons to treat surgically the majority of TGCs presenting with suspicious imaging findings.
Concerning the diagnostic approach of TGCs, patient’s examination combined with imaging techniques contributes the primary cystic lesion’s localization. DRE usually detects a palpable mass of the retrorectal region, while physical examination is otherwise uneventful (35). However, in our study, DRE managed to detect a palpable mass only in 38.5% of included cases, suggesting that a normal DRE should not exclude the possibility of a TGC in the presacral region. Additionally, transrectal US and endoscopy are capable of recognizing a primary cystic lesion, while CT usually demonstrates a well-circumscribed hypodense lesion without calcification and can identify malignant transformation of TGCs as well (10, 11). MRI constitutes the gold standard imaging technique for the detection of the presacral cyst and mainly shows hypointense and hyperintense lesions in T1 and T2 sequences, respectively (36, 37). Interestingly, MRI also plays a critical role in the selection of the optimal surgical approach (38).  In our systematic analysis, MRI and CT were the prevailed imaging techniques for the identification of TGCs. Preoperative FNAB or biopsy should not be recommended for the diagnostic approach of TGCs, due to the possibility of infection and cancer implantation via a transrectal route (31, 39).
Despite the advancement of diagnostic modalities, the identification of TGCs remains challenging and they should be differentiated from other nosologic entities that could be developed in the presacral region (Table 3). However, the existence of a multilocular cyst, mainly filled with mucoid content in diagnostic images should increase physician’s suspicion (13). The ultimate diagnosis of TGCs relies on postoperative histopathological findings, consisting of various lining epithelia (30, 40). In our systematic review, TGCs were initially misdiagnosed in 11.4% of the included cases.
	Table 3: Differential diagnosis of entities developed in the presacral area

	Entity
	Age (years)
	Sex ratio
(male:female)
	Malignant transformation
	CT findings
	MRI findings

	Congenital Benign
	
	
	

	Epidermoid cysts
(41, 42)
	NR
	NR
	1/136
	· Well-marginated
· Unilocular
· Hypoattenuating
	· T1 hypo- or hyperintensity
· T2 hyperintensity with hypointense foci

	Dermoid cysts
(41, 43)
	Young
	Female predominance
	3/67
	· Thick-walled
· Unilocular lesion
	· Fat-containing mass
· Hypovascular 

	Rectal duplication cysts (42)
	NR
	NR
	20%
	· Well-defined, unilocular, thin-walled mass
· Hypoattenuating
	· Low signal bands in endorectal MRI
· Hyperintense layer of submucosa

	Anterior Meningocele
(42, 44)
	<10 y
	1:4
	NR
	· Well-defined, unilocular, fluid-filled 
· Hypoattenuating
· Vertebral body scalloping
	· Well-defined
· Unilocular
· Fluid-filled lesion 


	Teratoma (42, 44, 45)
	Children
	1:3
	rare
	· Classification (>50%)
	· Intermediate T2 intensity
· Low-intensity foci 

	Congenital Malignant
	
	
	

	Chordoma(42, 44, 46)
	60-70 y
	2-3:1
	-
	· Lower mixed with higher attenuation areas (calcification)
	· T2 hyperintensity
· Lobulated mass with haemorrhage and calcification
· T1 iso- to hypointensity

	Malignant teratoma
(42)
	Infants (10%)
	2:1
	-
	Non-specific findings
	Non-specific findings

	Neurogenic Benign
	
	
	

	Schwannoma
(35, 42, 47)
	20-40 y
	Male predominance
	rare
	Non-specific findings
	· T1 low to intermediate intensity
· T2 heterogenous intensity
· Nerve root compression

	Neurilemmoma (48)
	Young-middle aged
	1:2
	6/160
	· Well demarcated cystic areas
· Ring shaped enhancement (after contrast administration)
	· T1 hypointensity
· T2 hyperintensity
· Well demarcated cystic areas

	Neurofibroma
(42, 48)
	NR
	NR
	1/41
	Non-specific findings
	· Target-like lesions with central low signal intensity
· T2 peripheral high signal intensity 

	Neurogenic malignant
	
	
	

	Neurofibrosarcoma *
	
	

	Malignant Neurilemoma *
	

	Osseous Benign
	
	
	

	Giant cell tumor
(42, 49)
	NR
	NR
	NR
	· Marked sacral expansion and destruction
	· T2-hypointensity
· Fluid–fluid levels 

	Aneurysmal bone cyst (50, 51)
	20
	1:1.3
	no
	· Fluid - fluid level (blood / serum)
· Density of about 20 HU
	· Bright on T2
· Fat suppression
· Fluid-fluid levels

	Osseous Malignant
	
	
	
	
	

	Sacral plasmatocytoma
(35)
	30-60 
	Male predominance
	-
	· Expansile lytic mass with peripheral sclerosis
	· T1 hypointensity
· T2 hyperintensity with post-contrast enhancement

	Chondrosarcoma
(35)
	20-30
and 60-70
	Male predominance
	-
	· Dense, stippled or rings and arcs
· Soft tissue extension with fluid attenuation 
	· Fluid signal on MRI in non-mineralized regions

	Osteosarcoma*
	
	
	
	
	

	Inflammatory benign
	
	

	Endometriosis (43)
	NR
	NR
	NR
	NR
	· T2 hypointense-hyperintense
· Hyperintense on fat-suppressed T1-weighted
· A fibrous capsule of variable thickness with low T2 
· T2-T1 hyperintense foci

	Abscess (35)
	NR
	NR
	NR
	NR
	· Heterogeneous enhancing soft tissue with gas locules

	Fistula*
	
	
	
	
	

	Miscellaneous Benign       
	
	

	Myelolipoma (42)
	(50y)
	1:2
	NR
	Non-specific findings
	· Low signal T1
· Intermediate T2 signal intensity 

	Lipoma (42)
	NR
	NR
	NR
	· Mass with fat content and broad based 
	· Capsulated homogenous fat-containing lesions with non-adipose elements 

	Extramedullary hematopoiesis (52)

	NR
	NR
	NR
	· Heterogenous
· Well-circumscribed soft tissue mass

	· T1-T2 hyperintensity

	Miscellaneous Malignant                   
	
	
	
	
	

	Liposarcoma (37)
	<50 y
	1:1
	-
	· Well-defined fat-containing mass
· Soft-tissue attenuation
	· T1 and T2 fluid intensity

	NR: Non-Recorded, CT: Computed Tomography, MRI: Magnetic Renascence Imaging, *: Insufficient data presented in the literature



The mainstay of TGC treatment consists of complete resection of the cyst, either with open surgery, laparoscopically or robotically (53, 54). Despite the benign nature of this entity, a complete resection is required even in asymptomatic patients, due to the increased risk of complications, such as malignant degeneration and infection (35, 55). Due to non-specific imaging findings of TGCs and their increased incidence of malignant transformation, complete surgical resection comprises the optimal therapeutic approach, whereas a surveillance strategy alone should not be recommended. Despite the absence of specific guidelines concerning the managements of TGCs, the appropriate surgical approach mainly depends on the morphology, location and size of the cysts and should be determined by their relation with the surrounding structures. The incidence of postoperative recurrence of TGCs is low and mainly caused by incomplete resection of the presacral cyst (23).  
Resection of the TGC could be achieved anteriorly, posteriorly or via the combined approach (5, 23). In our systematic review, although posterior approach was the predominant surgical technique, a transrectal approach was performed at only three cases. The role of en-bloc coccygectomy in the management of TGCs has not been clearly delineated, since extended dissection has been associated with increased occurrence of complications (5, 56). However, in our systematic review, surgical resection along with en-bloc coccygectomy was performed at 23 cases and postoperative complications were reported only on three patients. The majority of published studies support that en-bloc resection of the coccyx is required in specific TGC cases with malignant transformation or with cysts invading the coccyx (57, 58).
To the best of our knowledge, this is the first systematic review that collects knowledge concerning clinical appearance, diagnostic management and therapeutic alternatives of TGCs. Extended elegibilty criteria were used to include all case reports of TGCs published in the literature during the last two decades. Nevertheless, our study is subject to certain limitations. This systematic review included only case reports and case series with sufficient data and their credibility depends on accurate record keeping. The heterogeneity among surgical institutions regarding treatment options and records concerning incidence of complications and malignant degeneration, might affect outcomes and time-to-event analysis. Well-designed prospective studies are needed in order to further elucidate follow-up strategies and the optimal therapeutic options for the management of TGCs.
CONCLUSIONS
TGCs or retrorectal cystic hamartomas comprise extremely rare benign entities that mainly occur in middle-aged women. They are asymptomatic or can present with atypical clinical appearance, constituting a diagnostic challenge for the physicians. DRE along with diagnostic modalities aim to locate the primary cystic lesion. Complete surgical resection of the cyst comprises the mainstay of treatment in order to avoid complications occurring by infection or malignant transformation. Increased suspicion of the physicians is required for punctual diagnosis and therapeutic management of this extremely rare entity.
FIGURE LEGENDS
Figure 1: Prisma flow chart of this systematic review.
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