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Abstract

This article addresses the use of computed tomographic colonography (CTC) for the diagnosis and management of colorectal cancer, focusing on presurgical evaluation of the colon proximal to an occlusive cancer and surveillance after cancer resection surgery. The key evidences accumulated in the literature and future work needed are summarized. CTC is a technically robust and the most practical method to evaluate the colon proximal to an occlusive cancer, which prevents colonoscopic examination past the occlusion, either before or after metallic stent placement. The high sensitivity of CTC for detecting cancers and advanced adenomas in the proximal colon can help prevent additional surgical procedures in patients showing negative results. However, the accuracy of CTC for distinguishing intramural cancers from adenomas is low, and the technique is limited in guiding management when a medium-sized lesion that do not show invasive features such as pericolic extension or nodal metastasis is found in the proximal colon. A maximal diameter ≥ 15 mm has been proposed as a criterion for surgical removal of proximal lesions. However, this needs to be verified in a larger cohort. In addition, the influence of presurgical CTC results on the current post-cancer resection colonic surveillance timeline remains to be determined. CTC can be readily added to the routine abdominopelvic CT in the form of contrast-enhanced CTC, which can serve as an effective stand-alone tool for post-cancer resection surveillance of both the colorectum and extracolonic organs. Although the accuracy of CTC has been demonstrated, its role in the current colonoscopy-based postoperative colonic surveillance protocols remains to be determined. Readers of CTC also need to be knowledgeable on the colonic lesions that are unique to the postoperative colon. 

© 2014 Baishideng Publishing Group Co., Limited. All rights reserved.
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Core tip: Computed tomographic colonography (CTC) is technically robust and the most practical method to evaluate the colon proximal to an occlusive cancer either before or after metallic stent placement. Contrast-enhanced CTC may serve as an effective stand-alone tool for post-cancer resection surveillance of both the colorectum and extracolonic organs. However, several issues discussed in this article should be addressed further and clarified.
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INTRODUCTION

Computed tomographic (CT) colonography (CTC) (also known as virtual colonoscopy) is a recently developed radiological imaging technology for the evaluation of the colorectum, enabled by advances in CT scan and three-dimensional image processing technologies[1,2]. CTC is less invasive and generally safer than optical colonoscopy[1,3]. CTC can visualize the lumen of the colorectum in various three-dimensional views in addition to the conventional colonoscopy-like endoluminal navigation as well as in two-dimensional multiplanar cross-sectional views[2,4,5]. This variety in visualization modes allows for accurate and efficient evaluation of the colorectum. Unlike optical colonoscopy, which is limited to the endoluminal examination of the colorectum, CTC enables the evaluation of extracolonic organs, particularly when performed with intravenous contrast enhancement. The clinical usefulness of CTC has been studied extensively, largely focusing on screening/surveillance of the general population for colorectal cancer, and CTC has repeatedly shown acceptably high accuracy comparable to colonoscopy for detecting clinically-relevant colorectal neoplasms[6-12]. Accordingly, CTC has now been included in the guidelines for colorectal cancer screening in several countries, for instance, the Joint Guideline from the American Cancer Society, the US Multi-Society Task Force on Colorectal Cancer, and the American College of Radiology[13] and Korean guidelines[14]. On the other hand, CTC has yet to be completely accepted as a tool for population screening in terms of reimbursement as CTC is only incompletely reimbursed in some countries[15,16]: the decision by the Centers for Medicare and Medicaid Services in the United States to deny coverage for CTC in the recent past was such an example[17,18]. Nevertheless, new clinical evidences and data have been accumulated and are likely to resolve the prior concerns regarding widespread adoption of CTC in population screening for colorectal cancer[19,20]. Likewise, CTC is steadily gaining clinical acceptance and increasingly utilized as a screening examination [13-15].

In addition to the role in general screening/surveillance for colorectal cancer, the dual function of CTC in colorectal and extracolonic evaluation suggests that this technique could be applicable to other clinical scenarios. One particular area of interest is the role of CTC in the management of patients who have already been diagnosed with colorectal cancer[21], and multiple studies have addressed this use of CTC, albeit not as extensively as the research on the general screening/surveillance role of CTC. The present review summarizes and discusses the results of such studies, placing emphasis on (1) the use of CTC for presurgical evaluation of the colonic segments proximal to an occlusive cancer preventing colonoscopic examination beyond the level of occlusion, and (2) the use of CTC for post-cancer resection surveillance. The review highlights key evidence accumulated in the literature and further work that needs to be done. This article does not address the general technical issues or principles of CTC, as these are already well explained in the literature elsewhere[1,2,21]. A few technical issues unique to the practice of CTC for such non-screening indications will be briefly addressed.

EVALUATION OF THE COLON PROXIMAL TO AN OCCLUSIVE CANCER

Patients with colorectal cancer may present with an occlusive mass that prevents colonoscopic examination beyond the level of the occlusion. Complete presurgical evaluation of the entire colon is important in patients diagnosed with colorectal cancer because identification of synchronous cancers, which are present in 1%-7% of these patients[22,23], may determine the extent of surgical resection. The presurgical diagnosis of these synchronous cancers is important to prevent a second surgery or even failure of curative treatment. Various options are available for proximal colonic evaluation, including double-contrast barium enema, CTC, intraoperative colonoscopy, and surgical palpation. Of these, CTC is currently regarded as the standard procedure (Figure 1). Double-contrast barium enema, despite its historical use for proximal colonic evaluation in occlusive colorectal cancers[24], has low sensitivity even in the absence of an occlusive cancer[25], in which case bowel preparation is relatively easier compared with in patients with occlusive cancer. In addition, barium is associated with a risk of barium desiccation in the colon proximal to an obstructing cancer. Intraoperative colonoscopy is possible but is not a practical option[26]. By contrast, CTC is a technically robust method that can be performed successfully if the insufflated gas can be delivered across the tumor-induced occlusion to adequately distend the colonic segments proximal to the occlusion. This is in contrast to colonoscopy, which requires the passage of the scope across the narrowing. Therefore, almost all cases of failed colonoscopy due to occlusive cancer can be examined successfully with CTC using the low-pressure carbon dioxide colon insufflation system widely adopted for screening CTC[27-29]. CTC is known to be a safe procedure, particularly when it is performed using the low-pressure carbon dioxide insufflation, as the reported rates of overall procedure-related colonic perforations ranged from 0.009% to 0.06% and nearly all the perforated cases were associated with manual insufflation[3,30-32]. However, the data were largely from screening CTC practices or from patients who did not have colonic obstruction; and, in fact, there is no large data regarding the risk of colonic perforation of CTC performed for patients with an occlusive cancer. The majority of the reported cases of colonic perforations associated with CTC had underlying colonic lesions including inflammatory and/or obstructive lesions[31,33,34]. Also, according to a recent systematic review, large bowel obstruction is among the risk factors for colonic perforation following CTC[33]. Therefore, more careful attention while performing the procedure would be prudent.

Several studies have investigated the accuracy of CTC for detecting synchronous colonic lesions proximal to an occlusive cancer, and have demonstrated a high sensitivity of CTC for the detection of proximal synchronous cancers[28,35-39](Table 1). Most of these studies were preliminary studies that included a small number of patients[35-39]; however, one recent large study (the largest report thus far)[28] included 427 consecutive patients with stenosing colorectal cancer, of which 284 were ultimately analyzed to determine the accuracy of CTC. The results showed 100% and 88.6% sensitivities of CTC for detecting patients harboring synchronous colorectal cancer and advanced neoplasia (i.e., advanced adenoma[40] or cancer), respectively, in the proximal colon. As a result, the corresponding negative predictive values of CTC (i.e., the probability of the proximal colon being devoid of the lesions when CTC is negative) were 100% for proximal synchronous cancer and 97.4% for advanced neoplasia. Therefore, negative CTC findings in the proximal colon exclude the need for additional surgical procedures in the proximal colon with high confidence. These results are highly promising. Nevertheless, given the low prevalence of proximal synchronous cancers[22,23], future multi-institutional efforts aimed at accumulating additional data and evidence would be indicated.

Another advantage of CTC to this particular group of patients is that it can serve as a one-stop examination for the proximal colonic evaluation as well as for overall pretreatment cancer staging of the abdomen and pelvis when performed with intravenous contrast enhancement. Contrast-enhanced CTC is essentially the same imaging method as the routine contrast-enhanced abdominopelvic CT used for abdominopelvic staging of colorectal cancer[41,42], except for the use of gaseous colonic distention in the former. Therefore, the two methods are expected to be similarly effective and accurate for tumor staging, although published data on the accuracy of contrast-enhanced CTC for general TNM staging of colorectal cancers are limited. According to several published studies, the accuracy of contrast-enhanced CTC for tumor staging is 83%-95% for T-staging, 80%-85% for N-staging, and 100% for M-staging[43-46].

Despite the high accuracy of CTC for detecting synchronous lesions in the colon proximal to an occlusive cancer, the clinical impact of CTC in the management of occlusive cancer patients remains a bit unclear. First, even if CTC accurately detects proximal colonic lesions, unless it can clearly tell which of the detected lesions should be removed by surgery rather than endoscopy after resection of the occlusive cancer, the patient management remains ambiguous. The distinction would be straightforward for small polyps (i.e., endoscopic removal) or large invasive advanced cancers (i.e., surgical excision). However, it is difficult for CTC to distinguish adenomas from relatively small medium-sized cancers confined within the colonic wall without pericolic extension or nodal metastasis[28]. Therefore, a certain degree of over-interpretation (i.e., overcalling noncancerous polyps as cancers) or under-interpretation (i.e., undercalling small cancers as noncancerous polyps) at CTC, which may result in unnecessarily extensive surgery or repeat colonic surgery, respectively, seems inevitable. Robust criteria for the selection of surgical removal versus postsurgical endoscopic resection for a proximal colonic lesion detected by CTC remain to be developed. One study[28] suggested a maximum lesion diameter of 15 mm or greater as the criterion for surgical removal, which yielded 87.5% sensitivity and 70% positive predictive value for proximal synchronous cancers. The need for specific characterization of the colonic lesions detected by CTC is a unique aspect of CTC performed in occlusive cancer patients. By contrast, the general screening/surveillance CTC is only concerned with detecting colonic lesions, as its key clinical role is to determine who should be sent for colonoscopy. Secondly, it is unclear if and how the adoption of CTC in the presurgical evaluation of occlusive colorectal cancer patients should affect the current postsurgical colonoscopic surveillance timeline. The current guidelines for the management of colorectal cancer (as proposed by The National Comprehensive Cancer Network, the American Cancer Society, and the US Multi-Society Task Force on Colorectal Cancer) stipulate that early postoperative follow-up colonoscopy to evaluate the proximal colon should be performed 3-6 mo after surgical removal of an occlusive cancer in addition to the routine colonoscopic surveillance approximately 1 year after surgery or perioperative clearance of the colon[41,42,47]. These “current” guidelines are largely based on the data and experience from the pre-CTC era. Given the higher accuracy of CTC compared with other methods, particularly the high sensitivity of CTC for detecting cancer that is approaching 100%[48], negative preoperative CTC findings in the proximal colon could potentially provide a confident clearance for the proximal colon and could potentially eliminate the need for early postoperative colonoscopy. If this notion is proven, it would help reduce redundancy and the costs of postsurgical colonic surveillance, and would also mean a substantial convenience factor for patients who are recuperating from major surgery. Further investigations in this area would therefore be worthwhile.

PROXIMAL COLONIC EVALUATION AFTER METALLIC STENT PLACEMENT

Patients with advanced colorectal cancer causing acute severe colonic obstruction require urgent decompression to avoid colonic perforation. Self-expandable metallic colonic stents are currently widely used in patients with acute severe colonic obstruction caused by colorectal cancer, as a bridging treatment to one-stage elective surgery[49,50]. In these cases, proximal colonic evaluation requiring passage through the metallic stent to find synchronous colonic lesions becomes an issue[51-53]. Colonoscopy involving passage through the stent can be performed safely without any major complications and a success rate of 88.9%-93.4% has been reported[51,52]. However, the extent of clinical application of this procedure is unknown. Among the concerns raised, long-term instrumental damage to a colonoscope caused by passing it through a metallic stent appears to be one important reason for the reluctance in performing colonoscopy under these conditions[54]. CTC could provide an alternative tool for this diagnostic task. According to one study[53], which included 50 consecutive patients who underwent CTC after metallic stent placement for acute severe cancer obstruction, CTC was performed adequately in 94% of the patients using the standard techniques used for screening or other indications and no procedure-related adverse events were reported. Although the diagnostic performance of CTC in this setting was not evaluated thoroughly because of the small number of patients analyzed, the preliminary results were promising. The per-patient and per-lesion sensitivities for lesions 6 mm or larger in diameter in the colon proximal to the stent were 90% and 85.7%, respectively, and CTC correctly identified two proximal synchronous cancers present in the study cohort[53]. One potential diagnostic pitfall noted in the study was some degree of lesion obscuration by colonic obstruction-related mural edema[53], which may need further clarification. Furthermore, a technical consideration is that an additional scout CT scan of the abdomen and pelvis using low-dose radiation prior to gaseous colonic distention is recommended in this group of patients to detect any clinically silent colonic perforation, given the relatively high risk of colonic perforation associated with the metallic stent placement procedure (3.8% according to one systematic review[50]). The scout scan would be a prudent step to avoid the risk of exacerbating a clinically silent perforation by inadvertently performing CTC.

POST-CANCER RESECTION SURVEILLANCE

Colorectal cancer is unique in that, unlike other gastrointestinal malignancies, timely second curative-intent treatment of the recurred/metastatic cancer that developed after the initial curative-intent treatment can improve the ultimate patient survival[55-57]. Therefore, preemptive (i.e., performed for all postsurgical patients regardless of their symptoms) surveillance for recurrent disease after curative-intent treatment of colorectal cancer is crucial in the management of this disease. Both colonic and extracolonic surveillance are important, as the recurrent disease may occur in any location. Most recurrences occur as distant extracolonic metastatic disease and, in the case of local or (peri-)anastomotic recurrence, more often than not without an intraluminal colonic component[58-60]. As a result, current postsurgical surveillance guidelines generally include a combination of clinical assessment, serum carcinoembryonic antigen measurement, colonoscopy, and contrast-enhanced CT[41,42,61]. Considering that contrast-enhanced abdominopelvic CT is already a standard postoperative surveillance examination[41,42], and that CTC can be readily added to the routine abdominopelvic CT in the form of contrast-enhanced CTC, which would effectively cover both the colorectum and extracolonic organs simultaneously, contrast-enhanced CTC may potentially represent an attractive stand-alone examination for combined colonic and extracolonic postoperative surveillance of colorectal cancer patients[62,63]. Adding the essential colonographic techniques (i.e., bowel preparation and colonic distention) to contrast-enhanced abdominopelvic CT would not incur much extra cost, another hospital visit, or other complexity in patient management. 

At present, a relatively small amount of data regarding the use of CTC as a tool for post-cancer resection surveillance exists (Table 2), and most such research reports were feasibility studies in nature that only included a small number of patients[64-67]. On the other hand, one recent study[68] analyzed a large retrospective cohort of 742 consecutive patients who had no apparent clinical or laboratory evidence of recurrent disease after curative-intent colorectal cancer surgery and underwent contrast-enhanced CTC for postsurgical surveillance[68]. In the study, the per-patient sensitivity of CTC was 100% for metachronous or anastomotic recurrent cancers and 81.8% for advanced neoplasia. The corresponding negative predictive value of CTC was 100% for metachronous or anastomotic recurrent cancers and 99.1% for advanced neoplasia. The maximum referral rate for colonoscopy after CTC in this asymptomatic postsurgical population was 19%. These results imply that performing CTC as an adjunct to the routine postsurgical contrast-enhanced abdominopelvic CT could theoretically prevent surveillance colonoscopy in as much as approximately 80% of the patients (on an assumption that colonoscopy is to be performed at a similar time to CT) by confidently excluding those patients who would not need colonoscopy because they do not harbor advanced neoplasia or cancer. As the frequency and timing of surveillance colonoscopy and surveillance abdominopelvic CT do not always coincide in the real-world clinical setting, the actual benefit of contrast-enhanced CTC would be smaller. However, the study at least demonstrated that CTC could be a viable alternative to colonoscopy for postsurgical surveillance and may therefore help decrease the burden or redundancy of the colonoscopic surveillance.

Although CTC may have diagnostically acceptable accuracy for postsurgical colonic surveillance, how it may fit into the current colonoscopy-based colonic surveillance practice remains to be determined. The current guidelines for colonic surveillance recommend colonoscopy at 1 year after the curative-intent surgery or after perioperative colonoscopic clearance of synchronous lesions, then in 3 years if negative at 1 year, and every 5 years if negative at the prior colonoscopy[41,42,47]. However, as revealed in a recent study[69], postsurgical colonoscopies are being performed more frequently than recommended by the guidelines at many institutions. Considering the relatively higher rates of metachronous cancers in the early postsurgical period[47], the use of colonoscopy for surveillance during the early postsurgical period, such as at 1 year, and CTC at later times may be appropriate. In addition, because CTC is less sensitive for small and subtle lesions than colonoscopy, while colonoscopy has a greater amount of blind areas compared with CTC[70], the alternating use of colonoscopy and CTC for postsurgical surveillance may be worth investigating, as it could capitalize on their complementary strengths and may contribute to improved patient survival. Another issue that may need to be addressed for the successful implementation of CTC in post-cancer resection surveillance is the reader familiarity with colonic lesions that are unique to the postoperative colon and are unencountered in general screening practice, including anastomotic inflammatory polyps (Figure 2) and anastomotic recurrences (Figure 3). Inflammatory polyps are by far the most common type of polypoid lesion occurring in the anastomosis that do not require treatment and typically manifest as well-circumscribed discrete 5- to 15-mm polyps located in the anastomotic line[62,71]. Anastomotic recurrent tumors may present as friable mucosa, irregular mucosa with shallow ulceration, sessile-to-flat infiltrative lesions, or luminal stenosis instead of showing mass-like or polypoid appearance, as they do not develop through the polypoid growth of the adenoma-carcinoma sequence[62,72].

CONCLUSION

In summary, CT colonography has important current and potential roles in the management of patients who have been diagnosed with colorectal cancer. It is technically robust and the most practical method for the evaluation of the colon proximal to an occlusive cancer, either before or after metallic stent placement. CT colonography may also serve as an effective stand-alone tool for post-cancer resection surveillance of both the colorectum and extracolonic organs.
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FIGURE LEGENDS

[image: image1.png]



Figure 1  A 55-year-old woman with occlusive cancer in the upper rectum and a 17-mm synchronous cancer in the sigmoid colon. A-C: Colonoscopic (A), three-dimensional endoluminal computed tomographic (CT) colonographic (i.e., virtual colonoscopic) (B), and three-dimensional volume-rendered (C) images of the colon show a luminal-encircling occlusive mass (arrowheads) in the upper rectum that impeded the passage of a colonoscope; D, E: Three-dimensional endoluminal (D) and two-dimensional sagittal (E) CT colonographic images show a 17-mm polyp (arrowheads) unassociated with invasive features in the sigmoid colon. The lesion was removed by surgery and pathologically confirmed as a cancer confined to the mucosa.
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Figure 2  A 79-year-old man with a 9-mm inflammatory polyp at ileocolic anastomosis. Three-dimensional endoluminal (A) and two-dimensional coronal (B; I = Ileum and C = Colon) computed tomographic colonographic images and a colonoscopy image (C) obtained 3 years after colorectal cancer resection show a well-defined sessile polypoid lesion (arrowheads) at the anastomotic line. Colonoscopic biopsy revealed nonspecific chronic inflammation with edema and no evidence of tumor recurrence. 
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Figure 3  A 66-year-old man with a 16-mm ulcerating anastomotic recurrence. Three-dimensional endoluminal computed tomographic colonographic (A; U = Ulcer) and colonoscopic (B; U = Ulcer) images obtained 10 mo after cancer resection surgery show an ill-defined elevated lesion with central ulceration (arrowheads) at the anastomosis site. Subsequent surgical resection and pathologic analysis confirmed recurrent adenocarcinoma (reprint with permission[68]).
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Table 1  Computed tomographic colonography accuracy for diagnosing synchronous cancers in the colon proximal to an occlusive cancer


�
Patients with occlusive cancer �
Sensitivity�
Specificity�
�
�
�
Target lesions�
Per-patient�
Per-lesion�
�
�
Park et al[28] �
284�
Adenocarcinoma�
100% (6/6)�
100% (8/8)�
     87.9 (181/206)�
�
�
�
Advanced neoplasia1�
   88.6% (39/44)�
      80% (52/65)�
�
�
Fenlon et al[35]�
  29�
Adenocarcinoma�
100% (2/2)�
100% (2/2)�
     NA�
�
Neri et al[36]�
  17�
Adenocarcinoma�
100% (3/3)�
100% (3/3)�
     NA�
�
Coccetta et al[37]�
  43�
Adenocarcinoma�
100% (1/1)�
100% (1/1)�
     NA�
�
Galia et al[38]�
  19�
Adenocarcinoma�
100% (2/2)�
100% (2/2)�
     NA�
�
Kim et al[39]�
  67�
Adenocarcinoma�
100% (3/3)�
100% (3/3)�
95 (NA)�
�
Data are percentages with the actual numbers of patients and lesions are presented in parentheses. 1Advanced neoplasia includes both advanced adenomas (≥ 10 mm in size or with a substantial villous component or high-grade dysplasia) and adenocarcinomas. NA: Not available.





Table 2  Computed tomographic colonography accuracy for colonic surveillance after colorectal cancer resection


�
Patients�
Sensitivity�
Specificity�
�
�
n�
Characteristics�
Target lesions1�
Per-patient�
Per-lesion�
�
�
Amitai et al[64]�
  29�
Routine surveillance�
(Peri) anastomotic recurrence�
100% (2/2)�
100% (2/2)�
NA�
�
�
�
�
Metachronous polyps�
100% (NA)�
      93% (28/30)�
71% (NA)�
�
Fletcher et al[65]�
  50�
Routine surveillance�
(Peri) anastomotic recurrence�
100% (2/2)�
NA�
    94% (45/48)�
�
�
�
�
Metachronous polyps ≥ 5 mm�
  60% (3/5)�
NA�
    84% (38/45)�
�
You et al[67] �
  80�
Suspicion of recurrence�
(Peri) anastomotic recurrence�
    100% (51/51)�
    100% (51/51)�
    83% (24/29)�
�
Kim et al[68]�
548�
Routine surveillance�
Metachronous cancer and (peri) anastomotic recurrence�
100% (6/6)�
100% (7/7)�
     93.1% (421/452)�
�
�
�
�
Advanced neoplasia2�
   81.8% (18/22)�
   80.8% (21/26)�
�
�
�
�
�
All adenomatous lesions3 ≥ 6 mm�
      80% (52/65)�
   78.5% (62/79)�
�
�
Data are percentages with the actual numbers of patients and lesions are presented in parentheses. 1Histology and size are not specified unless provided in the original studies; 2Advanced neoplasia includes both advanced adenomas (≥ 10 mm in size or with a substantial villous component or high-grade dysplasia) and adenocarcinomas; 3Both adenomas and adenocarcinomas are included. NA: Not available.








