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Abstract 
Anal cancer represents less than 1% of all new cancers diagnosed annually in the United States. Yet, despite the relative paucity of cases, the incidence of anal cancer has seen a steady ~2% rise each year over the last decade. As such, all healthcare providers need to be cognizant of the evaluation and treatment of anal squamous cell carcinoma. While chemoradiation remains the mainstay of therapy for most patients with anal cancer, surgery may still be required in recurrent, recalcitrant and palliative disease.  In this manuscript, we will explore the diagnosis and management of squamous cell carcinoma of the anus.
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Core tip: Despite advances in the diagnosis and management, we continue to see a steady rise in the incidence of anal squamous cell cancer. The management of anal cancer has evolved from mandatory surgery to sphincter preserving therapy and is now entering an era of screening and prevention. Chemoradiotherapy remains the primary therapy for anal cancer. Anal Pap smear and high-resolution anoscopy are emerging technologies for identification of precancerous lesions. A high index of suspicion and knowledge of the relevant anatomy and pathophysiology are essential to identify at risk group, avoid missed diagnosis, and provide proper counseling.
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HISTORICAL PERSPECTIVE
Although rare, carcinoma of the anus remains a dreaded diagnosis (Figure 1A). Fortunately, major advancements in oncology, both in the basic sciences as well as clinical therapeutics, have transformed the diagnosis and treatment of this disease. Up until the 1970’s, the primary treatment for anal carcinoma was radical surgery with an abdominoperineal resection and permanent end colostomy. In May of 1974, Dr. Norman Nigro at Wayne State University published a series in Diseases of the Colon and Rectum of three patients with anal cancer treated with combined chemotherapy and radiation[1]. Two of the patients underwent surgical resection, and no remaining malignancy was identified in the specimens. The third patient refused surgery and was disease free after 14 months of follow up. Dr. Nigro’s protocol of 3000 rads of external beam radiation, a five-day infusion of 5-fluorouricil, and a single injection of mitomycin-C became known as the “Nigro Protocol” and later signified a major advancement in the treatment of anal cancer, and in oncology in general. Further refinements would lead to combined chemotherapy and radiation as the primary treatment for anal carcinoma with most patients successfully treated without surgery.
We are currently are in the midst of another major shift in the treatment of anal cancer. Basic science and translational research have led to the identification of the virus which causes most cases of anal cancer and to a vaccine that can help prevent precursor lesions as well as tools to screen and treat high risk individuals. Current efforts are extending beyond treatment to screening and prevention. In this manuscript we will review the management of anal squamous cell carcinoma.

EPIDEMIOLOGY
When considered in the broader context, anal cancer is rare. It comprises about 2% of all gastrointrstinal (GI) malignancies and only 0.4% of all new cancers diagnosed annually in the United States. The National Cancer Institute estimates that there were approximately 7000 new cases of anal cancer in the United States in 2013. The median age of diagnosis is 60 years old and there is a slightly higher incidence in women[2]. There is a very clear link between human papilloma virus (HPV) infection and anal cancer. HPV infects the skin and mucous membranes of the mouth, anus, penis and female reproductive tract.  There are multiple known serotypes of HPV with varying degrees of oncogenicity.  Serotypes 6 and 11 are most associated with anal and genital warts, while serotypes 16, 18, 31, 33, and 35 are more oncogenic and are associated with anal and cervical cancer.  Population studies have demonstrated that 90% of patients with anal cancer are infected with either HPV 16 or 18[3]. Other known risk factors include a history of HPV related lesions - vulvar cancer, cervical cancer, vulvar or cervical dysplasia, anal or genital warts, a history of HIV, smoking, men who have sex with men (MSM), and a history of transplantation with chronic immunosuppression.  While anal cancer may occur in anyone, it is patients with one or more of these risk factors where focused effort is needed to make a tremendous difference in the incidence and outcomes of the disease.

PATHOLOGY
A clear distinction must be made between anal canal carcinoma and anal margin carcinoma, since the treatment can differ radically between the two. This requires some discussion of the anatomy of the anal canal. The anal canal is the last portion of the large intestine and extends from the top of the anorectal ring to the anal verge. The anorectal ring is a structure where the levator ani muscles form a ring and are intimately associated with the top of the external anal sphincter muscles. The anal verge is the point where the anoderm, or the squamous epithelium of the anal canal distal to the dentate line, meets the hair-bearing perianal skin. The anal margin is the portion of the skin extending circumferentially 5 cm distal to the anal verge. The histology of tissue lining the anal canal is varied. At the top of the anal canal is the columnar epithelium similar to that seen in the rectum. Distally, the anal canal is lined by anoderm. As mentioned above the anoderm is stratified squamous epithelium. The anoderm is thinner than skin and lacks hair follicles or sebaceous glands. The easily identified line that marks the proximal most extent of the anoderm is called the dentate line. Just above the dentate line is a transition zone that may contain columnar, transitional, and stratified squamous epithelium. Noting the location of a tumor as either an anal canal versus anal margin lesion is important, as there significant differences in therapy between the two.  
Lymphatic drainage proximal to the dentate line occurs along the rectum to the inferior mesenteric lymph nodes and to the nodes along the internal iliac vessels. Lymphatic drainage distal to the dentate line is primarily to the inguinal nodes. This comes into play both for the physical examination, as well as possible radiation portals during treatment.
By far the most common malignancy of the anal canal and anal margin is squamous cell carcinoma. This includes multiple histologies and descriptors that had previously been used including epidermoid, cloacogenic, mucoepidermoid, large-cell keratinizing, large-cell nonkeratinizing, and basaloid. Generally, the use of these terms has fallen out of use. Other malignancies of the anal canal and anal margin include adenocarcinoma, melanoma (Figure 1B), gastrointestinal stromal tumors (GIST), neuroendocrine tumors, basal cell carcinoma, Paget’s disease (intra-epithelial adenocarcinoma), and verrucous carcinoma (Buschke-Lowenstein tumor).  
Anal squamous cell carcinoma is thought to arise from a precursor lesion termed anal intraepithelial neoplasia (AIN) (Figure 1C). AIN is a histologic, as opposed to cytologic, diagnosis with varying degrees of dysplasia. AIN I, II, and III have low, medium, and high grades of dysplasia respectively. There several terms used to classify AIN. Low-grade squamous intraepithelial lesion (LSIL) and high-grade intraepithelial lesion (HSIL) are commonly used. LSIL refers to AIN I and HSIL refers to AIN II or III.  In subtle contrast low-grade anal intraepithelial neoplasia (LGAIN) and high grade intraepithelial neoplasia (HGAIN) have been proposed and refer to AIN I/II and AIN III. The natural history of AIN continues to be studied. Progression of low grades of AIN to high grade in HIV positive MSM or bisexual men is 62% at two years[4]. Progression of AIN to anal cancer will happen in 10% of cases with at least one year follow up[5].

STAGING
Staging for anal cancer is unlike the system used for malignancy in other portions of the bowel. Whereas malignancy in other portions of the bowel is staged according to depth of invasion, anal cancer is staged according to size. T1 lesions are less than 2 cm, T2 lesions are 2-5 cm and T3 lesions are greater than 5 cm. Lesions that invade vagina, urethra or bladder are classified as T4 regardless of size. Invasion to the rectum, skin, or sphincter muscles is no considered a T4 lesion. Additionally, lymph node metastasis is divided into perirectal, iliac and inguinal lymph nodes. See Table 1 for the updated American Joint Committee on Cancer staging system for anal cancer.

SCREENING AND PREVENTION
Current efforts to prevent anal cancer are primarily directed at vaccination.  There are two commonly available HPV vaccines. The first is a bivalent vaccine, HPV2 (Cervarix, GlaxoSmithKline) and has high efficacy against HPV 16 and 18. The quadrivalent vaccine, HPV4 (Gardasil, Merck & Co, Inc.) has high efficacy against HPV 6, 11, 16, and 18. The United States Centers for Disease Control recommend vaccination against HPV for both males and females ages 11-12. Females may be offered both the bivalent and quadrivalent vaccine. Males should be offered the quadrivalent vaccine. Additionally, CDC recommends vaccination of men who have sex with men up to age 26[6]. In a phase 3 randomized control trial of the quadrivalent vaccine, a subset analysis of men who have sex with men within the trial demonstrated significant prevention of precancerous lesions. Vaccine administration prevented development of AIN2 and AIN3 associated with HPV 6, 11, 16, and 18 in 50% of patients treated with the vaccine on intention to treat analysis[7, 8].
No true screening exam for anal cancer exists, however anal pap smears, or high-resolution anoscopy are frequently used identify AIN. The scientific rationale for an anal pap smear is derived from the similar pathogenesis between cervical and anal cancer. Similar to a cervical pap smear, an anal pap smear is obtained by inserting a Dacron swab into the anal canal to a level 1-2 cm above the dentate line. The anal canal is then circumferentially swabbed and either plated or placed in formaldehyde. The cells are then stained with the Papanicolau stain to identify dysplastic cells.
High-resolution anoscopy (HRA) applies the techniques of colposcopy, used to detect pre-cancerous lesions in the cervix, to identify pre-cancerous anal lesions. 3% acetic acid and Lugol’s iodine solution is applied to the anal canal. The anal canal is then thoroughly inspected with a high resolution microscope and HPV infected cells are then easily seen as characteristic white lesions[9].
The exact method for screening any given population at risk has not been well described. While HRA has a high sensitivity and specificity, it is not widely available.  Anal Pap smear is easy to perform, but has a sensitivity and specificity of 69-93 and 32-59% respectively when compared to HRA. Anal Pap smear has a high false-negative rate of 23% of HIV negative MSM and 45% for HIV-positive MSM[10-13].
There are several treatment options once AIN is discovered. These include watchful waiting, topical therapy (i.e., 5-FU, imiquimod), photodynamic therapy, cryotherapy, and focal destruction (surgery/ablation). Table 2 summarizes the pros and cons of the various treatment options. It is important to note that treatment of AIN remains controversial. Overriding the diverging viewpoint in treatment is the (as of yet) unknown degree of progression in those with low-grade AIN, especially in immunocompetent individuals. On the other hand, advocates for a ‘watchful waiting’ approach cite the need to avoid the morbidity associated with repeated focal destruction (stenosis, wound healing problems, chronic pain). In between, a high rate of clearance can be achieved through the use of HRA with targeted biopsies and directed therapy.
Alternatively, high-risk cohorts such as HIV-positive patients and men having sex with men (MSM) have demonstrated higher rates of progression to invasion, as well as increased rates of recurrence even after aggressive attempts at eradication. This has resulted in some experts suggesting that leading some to suggest expectant management in these patients with surveillance every 4-6 months[7]. 
Several topical therapies have been approved for the treatment of AIN with varying degrees of success[14-26]. Imiquimod is an immune response modifier that has both anti-HPV and anti-tumor properties. The use of topical 5% imiquimod cream has a reported response rate from 48%-86%[14]. Side effects range from local irritation and burning to skin erosions, often leading to decreased compliance. In addition, local recurrence rates remain high, resulting in a need for close long-term follow-up[15]. Topical 5-FU typically requires a treatment period of 9-16 weeks, with clinical response rates have been reported up to 90%. However, recurrence rates remain as high as 50%[16]. Side effects are mild (but common), and include local skin irritation and hypo-pigmentation. Finally, the use of photosensitizing agents followed by photodynamic therapy has been described in patients with AIN; however, studies are limited and its effectiveness is yet to be determined[17]. 
Targeted destruction of AIN with appropriate follow-up is another accepted treatment option and represents a more aggressive therapeutic approach. Several techniques have been described including wide local excision (WLE) with 1 cm margins.  This is classically guided by frozen section through the use of 4-quadrant anal mapping with biopsies-performed with ever expanding circles out from the anus. Downsides to this procedure include the need for skin grafting or mobilization of local flaps to cover large skin and mucosal defects following WLE. In addition, total excision of all disease is difficult. Recurrence rates have been reported in 13%-63% of patients[18]. Additionally, this approach carries significant risk of local wound complications such as stenosis and incontinence. 
High-resolution anoscopy (HRA) guided cautery ablation has been shown to be effective in destroying AIN without the morbidity associated with WLE. In some series, it has also demonstrated the ability to prevent progression to invasive cancer. However, like other attempts at disease eradication, high rates of persistent or recurrent disease (up to 80%) remains a problem, especially among HIV-positive patients, immunosuppressed and MSM patients[19]. 

PRESENTATION AND EVALUATION
Twenty percent of patients with anal cancer will have no symptoms highlighting the need for screening and prevention. Other symptoms include transanal bleeding and anal pain. Diagnosis is made with physical examination and biopsy, which may be done in the office or in the operating room. Patients should be fully staged with a colonoscopy and CT scan of the chest, abdomen, and pelvis. Women should undergo a gynecologic exam and cervical cancer screening. Additional studies can include PET-CT, endoanal ultrasound, and MRI of the pelvis. The routine use of these additional studies is controversial. Endoanal ultrasound can easily identify the depth of invasion of a lesion, particularly with respect to involvement of the anal sphincters. MRI can be useful in evaluating pelvic lymphadenopathy as well as depth of the tumor. Palpable or suspected inguinal lymph nodes should be evaluated with fine needle aspiration. PET CT will change the stage of the lesion in up to 20% of cases and is recommended for planning of chemoradiation in the latest version of the National Comprehensive Cancer Network Guidelines[8].

TREATMENT
Treatment of anal cancer is dependent on location and stage. Anal canal cancer is primarily treated with chemoradiation. Since Dr. Nigro’s protocol was reported several iterations of therapy have been explored. Chemotherapy with radiation vs. radiation alone has been evaluated in multicenter, prospective, randomized controlled trials. These trials demonstrate a significant improvement in local recurrence as well need for colostomy in combined chemoradiotherapy versus radiotherapy alone. There were nearly 50% fewer failures of local control seen with combined chemoradiotherapy vs radiotherapy alone in the multicenter UK trial. No improvement in overall survival was seen in either major trial[27-29]. The role of cisplatin has also been evaluated in multicenter, prospective randomized controlled trials. A major American trial reported in 2008 evaluated 644 patients and compared a standard group treated with radiotherapy and concurrent 5-FU and mitomycin C versus radiotherapy and concurrent 5-FU with cisplatin. Rates of 5-year disease free survival, overall survival, local recurrence, and distant metastasis were similar between the groups. There was a higher rate of creation of a colostomy in the cisplatin group, but more severe hematologic toxicities were seen with the mitomycin C group[30]. The recently reported multicenter ACT II trial from the UK also demonstrated no difference in response rates or in survival between patients receiving mitomycin C versus cisplatin. This trial notably reported a high complete response rate of 90% at 26 weeks post chemotherapy[31]. Current NCCN guidelines recommend 5-FU with mitomycin C and concurrent radiotherapy for all localized anal canal carcinomas. 5-FU with cisplatin is the recommended therapy for widely metastatic disease[8]. 
Toxicity is common with combined chemoradiotherapy for anal cancer and a break or pause in treatment is seen 40%-60% of the time. Pooled analysis has shown that avoiding breaks in therapy, either planned or unplanned, results in improved local control and lower rates of colostomy formation[32-36]. Intensity modulated radiation therapy is a technique that allows for more precise mapping of the radiation field based on data obtained from cross sectional imaging such as CT or MRI. This technique is associated with lower rates of toxicity with similar efficacy as compared to standard external beam radiation[37,38]. Initial radiation fields include the pelvis and the inguinal lymph nodes. The field may be narrowed at predefined points in the treatment course to exclude the inguinal lymph nodes in node negative patients or to provide a boost to larger tumors.
Anal margin cancers are treated in a slightly different fashion from anal canal tumors. Early stage, T1 and early T2, anal margin cancers that do not involve the sphincter muscle can be treated with wide local excision with 1 cm margins. Five-year survival rates of up to 88% have been reported with wide local excision alone for these small tumors. Larger tumors and patients with positive nodes should be treated in a manner similar to anal canal cancer with chemoradiotherapy.

SURVEILLANCE, OUTCOMES AND SALVAGE TREATMENT
Initial follow up should be 8-12 after finishing chemoradiotherapy. Patients are then classified as complete remission, persistent disease, and progressive disease. 10%-30% of patients will have persistent or recurrent disease after chemoradiotherapy. Risk factors for persistent or recurrent disease are positive HIV status, high T and N stage at original presentation, and inability to complete chemoradiotherapy[31,39,40]. Progressive disease is biopsied and restaged. Persistent disease should be reexamined in one month. Disease that persists and does not progress, and does not regress, can be followed without surgical therapy up to 6 months post chemoradiotherapy. Follow up from the large ACTII UK trial demonstrated that 29% of patients with persistent disease at 11 weeks post chemoradiotherapy, were disease free at 26 weeks. If during close follow up there is progression of disease or persistent disease at 6 months post chemoradiotherapy, the patient should be biopsied and restaged.  
Patients who achieve complete remission should be followed every three to six months for five years. Digital rectal exam, anoscopy, and groin examination should be documented. A CT of the chest, abdomen, and pelvis should be done annually for 3 years in T, T4, or N+ tumors. 

RECURRENT DISEASE
Surgical therapy is the main treatment for patients who have a local recurrence or who do not achieve a complete response with chemoradiotherapy. Often referred to as a salvage APR, the results of this operation are modest. Salvage APR results in five-year local-regional control of 30%-77% of patients[39,41,42]. Wound complications are common, up to 80%, after chemoradiotherapy for anal cancer and consideration should be given to a flap type reconstruction of the perineum[43].  

METASTATIC DISEASE AND TARGETED THERAPY
Metastatic anal cancer is normally treated with systemic chemotherapy, typically utilizing a combination of 5-FU and cisplatin. In general, there is not much role for surgery in the setting of metastatic disease except to provide palliation for pain, bleeding, or fecal incontinence. Overall, ~60% one-year survival and 32% 5-year survival rates with systemic chemotherapy have been reported[44]. 
On the positive side, there is increasing interest in newer, targeted therapies for anal cancer. It was recently demonstrated that there is a high rate of expression of epidermal growth factor receptor (EGFR) within most anal cancer cell lines[45]. Cetuximab is an EGFR blocker that is used along with radiotherapy to treat squamous cell carcinoma of the head and neck. There have been two small early phase trials to evaluate the use of cetuximab in anal cancer[46,47]. Both trials demonstrated significant toxicities with cetuximab that precluded incorporation of this agent into routine chemotherapy protocols for anal cancer. One of the trials demonstrated a 95% initial complete response rate, with a 3-year local regional control rate of 64.2%. Therapy targeted against the EGFR may ultimately prove beneficial in the future with less toxic agents; however, the lack of widespread data at this stage precludes definitive recommendations regarding its role. 
Another type of therapy that has been used is intensity-modulated radiation therapy-a type of high precision radiation therapy. The primary benefit of this modality is the ability to create a more precise and complex radiation field, and thus avoiding radiation toxicity to normal surrounding structures and allow for dose escalation.  Current literature is limited to single institution series with non-randomized studies that provide conflicting results[48,49]. Data from a phase 2 Radiation Therapy Oncology Group (RTOG) trial demonstrated two-year local control, overall survival, colostomy-free survival, and metastasis-free survival rates of 95%, 94%, 90%, and 92%, respectively[50]. Again, further use with long-term results in greater number of patients will provide more insight as to its place in the therapeutic regimen.

CONCLUSION
Anal squamous cell carcinoma is a rare malignancy and is highly associated with the HPV virus. A high index of suspicion and familiarity with the relevant anatomy is required for accurate diagnosis. While the primary therapy is chemoradiation, surgery has a role in the treatment of persistent or recurrent disease. Anal Pap smear and high-resolution anoscopy are emerging as useful screening tools to identify precancerous lesions. Vaccination against HPV has been shown to prevent progression of precancerous lesions in high-risk individuals.
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	Table 1  7th edition of the American joint Committee on Cancer TNM Staging

	Primary tumor (T)

	Tx
	Primary tumor cannot be assessed

	Tis
	Carcinoma in situ

	T1
	Tumor < 2 cm in greatest dimension

	T2
	Tumor between 2 cm and 5 cm in greatest dimension

	T3
	Tumor > 5 cm in greatest dimension

	T4
	Tumor invading adjacent organs

	Regional lymph nodes (N)

	Nx
	Regional nodes cannot be assessed

	N0
	No regional lymph node metastasis

	N1
	Metastasis in the perirectal nodes

	N2
	Metastasis in unilateral internal iliac and/or inguinal nodes

	N3
	Metastasis bilateral internal iliac or inguinal nodes

	Distant metastasis (M)

	M0
	No distant metastasis

	M1
	Distant metastasis

	Stage

	0
	Tis
	N0
	M0

	I
	T1
	N0
	M0

	II
	T2
	N0
	M0

	
	T3
	N0
	M0

	IIIA
	T1
	N1
	M0

	
	T2
	N1
	M0

	
	T3
	N1
	M0

	
	T4
	N0
	M0

	IIIB
	T4
	N1
	M0

	
	Any T
	N2
	M0

	IV
	Any T
	N3
	M0

	
	Any T
	Any N
	M1


Adapted from Edge SB, Byrd DR, Compton CC, et al. AJCC Cancer Staging Manual. 7th edition. New York: Springer; 2009. 


Table 2  Treatment of anal intraepithelial neoplasia
	Therapy
	Pro
	Con
	References

	Watchful waiting
	Avoids the morbidity of other therapies
Low risk of interval development of carcinoma (for low-grade)
	Missed opportunity to potentially cure patient
Need for close surveillance and reliable patient
	[7]

	Topical imiquimod
	Response rate of 48%-86%
	Burning, irritation, variable patient compliance
Recurrence or new lesions in untreated areas
	[14-16]

	Topical 5-florouracil
	High response rate, up to 90% 
	High recurrence rate, up to 50%
	[17,18]

	Wide local excision
	Recurrence rates as low as 13% reported
	Significant morbidity of anal stenosis, wound healing & incontinence
	[19-21]

	Targeted therapy with HRA
	Evidence to prevent progression to anal cancer
Avoid anal stenosis and incontinence
	High rate of persistent or recurrent disease in HIV positive patients.  
	[22-24]


HRA:  High-resolution anoscopy.
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