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Abstract 

BACKGROUND:  MRI is increasingly being used for rectal cancer staging.  The 

purpose of this study was to summarize published evidence to determine the accuracy 

of MRI for T-category, lymph node (LN) metastases, and circumferential resection 

margin (CRM) involvement in rectal cancer. 

METHODS:  Sensitivity, specificity, and diagnostic odds ratios (DOR) were estimated 

using hierarchical summary receiver operating characteristics modeling and bivariate 

random effects modeling.   

RESULTS:  MRI was more specific for CRM (94%, 95%CI 88-97) than for T-category 

(75%, 95%CI 68-80) and LN’s (71%, 95%CI 59-81) but was more sensitive for T-

category (87%, 95%CI 81-92) than for CRM (77%, 95%CI 57-90) and LN’s (77%, 

95%CI 69-84).  DOR was higher for CRM (56.1, 95%CI 15.3-205.8) than for LN’s (8.3, 

95%CI 4.6-14.7) and T-category (20.4, 95%CI 11.1-37.3). 

CONCLUSIONS:  MRI has good accuracy for both CRM and T-category and should be 

considered for preoperative rectal cancer staging.  In contrast, LN assessment is poor 

on MRI. 
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Chapter 1  
Introduction 

1.1 Rectal cancer and the problem of local recurrence 

Rectal cancer is the seventh most commonly diagnosed cancer in Canada, with 6,721 new cases 

diagnosed in 2007 (1).  Treatment is primarily surgical supplemented by chemotherapy and/or 

radiation for improved disease control.  Using the American Joint Committee on Cancer (AJCC) 

TNM pathology classification, rectal cancer is described according to the depth of tumour 

invasion through the layers of the rectal wall (T), number of regional lymph nodes involved (N), 

and the presence or absence of distant metastases (M) (TABLE A.1a).  Combinations of T, N, 

and M categories are grouped into stages (I-IV) (TABLE A.1b) which are used to predict 

prognosis and guide decision-making with respect to the need for further treatment. 

Despite undergoing curative resection for rectal cancer, 5-11% of patients develop local 

recurrence of their disease within five years (2-4).  Local recurrence is associated with a poor 

prognosis with an overall five year survival of only 9-14% (5,6).  Morbidity can be significant as 

patients may suffer from unremitting rectal pain that is poorly controlled by narcotics and which 

reduces quality of life (7,8). 

Several histopathological factors have been associated with increased risk of local recurrence, 

including advanced T-category (9-12), mesorectal lymph node involvement (11-14), 

circumferential resection margin (CRM) involvement (15-17), extramural vascular invasion (13), 

and poor tumour differentiation (16).  The most important of these factors is CRM, defined as the 

shortest distance from the main tumour, any tumour deposit, or malignant lymph node to the 

mesorectal fascia which envelopes the rectum radially.  Traditionally, routine pathologic 

assessment of rectal cancer specimens for CRM involvement consisted of sampling a variable 

number of blocks from the luminal surface.  In their landmark paper published in 1986, Quirke 

and colleagues prospectively examined serial thin-section transverse slices of 52 resected rectal 

cancer specimens and demonstrated that CRM involvement could be identified in 14 specimens 

(27%) using serial slicing technique but only in 6 specimens (12%) using routine sampling (18).  

On follow-up, positive CRM was associated with significantly higher local recurrence compared 



2 

 

with a negative CRM (85 versus 3%, p<0.001).  The "Quirke technique" became the standard 

practice to examine specimens for CRM involvement, and population-based studies have since 

shown that CRM is the single strongest predictor of local recurrence, more significant than T-

category or lymph node metastases (15,16).  A pathological CRM of 1 mm or less has been 

shown to predict a significantly higher rate of local recurrence and defines a positive margin 

(15,18,19,20).   

1.2 The role of surgical technique 

While CRM has been recognized as a critical determinant of local recurrence, achieving a clear 

margin remains somewhat of a challenge in practice.  The single most critical modifiable 

variable in achieving a negative CRM is surgery; however, the fixity of the rectum deep within 

the confines of the bony pelvis and its proximity to other organs in a limited space make surgical 

removal of the rectum a technically difficult operation.  Traditionally, rectal cancer surgery 

involved mobilization of the rectum and its surrounding mesorectum using blind, blunt 

dissection along undefined planes.  This technique had high potential to leave behind residual 

mesorectum with viable tumour in the pelvis (21), resulting in a positive CRM.  Consequently, 

local recurrence rates with conventional surgery were high, up to 30-40% (22,23).   

In the early 1980’s, the surgical technique of total mesorectal excision (TME) was introduced, 

whereby the entire rectum and mesorectum are removed using sharp dissection under direct 

vision along the mesorectal fascia on all sides (24).  In contrast to conventional technique, this 

operation conforms to principles of oncologic surgery which dictate removal of the tumour and 

any involved surrounding structures in one complete package.  Correctly performed, TME 

proceeds along defined avascular planes and avoids perforation of the mesorectum which can 

lead to tumour spillage and contamination and increase the risk of disease dissemination.  The 

application of this technique significantly improved the possibility of achieving a negative CRM 

and thus reduced the incidence of local recurrence (3,25,26).  In an analysis of observational 

studies from a number of countries, prospective outcomes of 691 patients with Stage II or III 

rectal cancer who underwent TME surgery at three specialized oncology centres (US, UK, 

Japan) in 1978-1994 were compared with 720 similar stage patients who underwent conventional 

surgery at multiple Norwegian and Dutch community hospitals in 1986-1993 (27).  Actuarial 
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five-year local recurrence was 39-42% after conventional surgery and 4-9% after TME.  A Cox 

proportional hazards model was used to test for differences in the risk of local recurrence 

between TME and conventional surgery groups adjusting for age, gender, tumour stage, tumour 

height, type of operation (low anterior or abdominoperineal resection), and adjuvant radiation 

and chemotherapy.  Compared to the Japanese TME group, the relative risk of local recurrence 

was not significantly different in the other TME groups (RR 1.04, 95%CI 0.46-2.38 and 0.58, 

95%CI 0.20-1.72) but was significantly higher in the two conventional surgery groups (RR 5.12, 

95%CI 2.73-9.62 and 6.46, 95%CI 3.46-12.08). 

While TME has become the standard of care in rectal cancer surgery, it is not always attempted 

successfully.  The quality of TME surgery can be evaluated using the macroscopic appearance of 

the resected mesorectum specimen as a surrogate marker of completeness of resection.  In the 

grading system established by Quirke and colleagues, a TME specimen is deemed “complete”, 

“nearly complete”, or “incomplete” based on the regularity and depth of any defects in the 

mesorectal surface and the degree of dissection into mesorectum (“coning”) (18,28).  Technical 

variables such as a narrow pelvis or obesity can exacerbate the difficulty of achieving adequate 

rectal dissection and increase the likelihood of incomplete TME (21).  In a prospective study of 

130 patients who underwent curative resection with attempted TME, positive CRM was 

significantly higher in patients with incomplete TME (29.4%) compared with complete (1.6%) 

and nearly complete (5.8%) TME (p=0.0001).  Local recurrence rose in parallel, from 1.6% and 

5.7% respectively after complete and nearly complete TME to 41% after incomplete TME 

(p=0.0001) (29).  The relationship between TME quality, positive CRM, and local recurrence 

was confirmed by data from the international multicentre CR07 trial which compared the impact 

of short course preoperative radiotherapy versus selective postoperative chemoradiotherapy on 

outcomes of patients with resectable Stage I-III rectal cancer (30).  In this study, the plane of 

surgery achieved with TME was similarly distributed in both arms and was strongly associated 

with positive CRM (9% for complete, 12% for nearly complete, 19% for incomplete TME, 

p=0.001) as well as local recurrence at 3 year follow-up (4% for complete, 7% for nearly 

complete, 13% for incomplete TME, p=0.0039).  These results underline the importance of 

complete surgical resection as the key to reducing local recurrence. 
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1.3 The role of adjuvant therapy 

Even when TME is performed adequately, the risk of local recurrence can be further reduced 

with the addition of radiation.  Several major randomized controlled trials (RCTs) have 

investigated the impact of radiation therapy (RT) on local recurrence and survival following 

curative resection of rectal cancer (TABLE A.2).  The only trial to demonstrate a survival benefit 

was the Swedish Rectal Cancer Trial (31) which compared patients who received surgery alone 

with those who received short-course RT prior to surgery.  At five year follow-up, patients who 

received preoperative RT had significantly fewer local recurrences (11% versus 27%, p<0.001) 

and significantly higher overall survival (58% versus 48%, p=0.004) compared with the surgery 

alone group.  A similar effect on local recurrence was demonstrated in the Dutch TME trial 

(2,32) which randomized patients with Stage I-III rectal cancer to receive TME surgery with or 

without preoperative short-course RT.  At a median follow-up of six years, local recurrence 

among patients who underwent a macroscopically complete resection was significantly lower in 

patients who received preoperative RT than those who did not (5.6% versus 10.9%, p<0.001); 

however, overall survival was the same in both groups (64.2% and 63.5%, respectively).  On 

multivariable analysis, the reduction in local recurrence risk was found to apply to Stage II and 

III (i.e. T3/T4 or lymph node positive) patients only.  This study definitively demonstrated the 

benefit of preoperative RT in reducing local recurrence beyond that achieved by complete 

resection in selected patients.   

Three subsequent RCTs studied the impact of adding chemotherapy to radiation in patients with 

Stage II and III rectal cancer who received TME surgery (33-35).  One trial (33) compared 

preoperative short-course RT with preoperative chemoradiotherapy (CRT) and found no 

significant difference in local recurrence (9.0% versus 14.2%, p=0.17) or survival between the 

two groups, while the other two trials compared preoperative long-course RT with preoperative 

CRT and showed a significant reduction in local recurrence with the use of CRT ((8.1% versus 

16.5%, p<0.05) (34) and 8.7% versus 17.1%, p=0.002 (35)) but no difference in overall survival.   

The optimal time to administer CRT was investigated in a German trial (36) which compared 

local recurrence and overall survival in Stage II and III rectal cancer patients randomized to 

receive CRT before or after TME surgery.  The rate of local recurrence at five year follow-up 
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was significantly lower among patients who received preoperative CRT compared with 

postoperative CRT (6% versus 13%, p=0.006), but overall survival was similar in the two 

groups.  This study and others (36,37) also demonstrated that administration of radiation 

preoperatively rather than postoperatively results in higher efficiency per dose of radiation
 
(37), 

lower toxicity to surrounding healthy tissue (37), and fewer acute and long-term side effects (36).  

Preoperative CRT also produces downstaging of tumours and may permit the use of less radical 

procedures, particularly in low rectal tumours (36,38).  Current North American guidelines 

recommend preoperative CRT for all patients with Stage II and III rectal cancer (39,40). 

Unfortunately, the broad use of preoperative RT or CRT poses certain challenges.  First, despite 

their important benefits in reducing local recurrence, RT and CRT are associated with both acute 

and long-term adverse effects.  In the Dutch trial, short-course RT was associated with increased 

operative blood loss (1100 versus 1000 mL, p<0.001) and perineal complications (48% versus 

41%, p=0.008) (41), as well as slower recovery from defecation problems and increased sexual 

dysfunction (42) compared with patients who received no RT.  On long-term follow-up, patients 

who received RT reported increased fecal incontinence (62% versus 38%, p<0.001), pad wearing 

as a result of incontinence (56% v 33%, p <0 .001), anal blood loss (11% versus 3%, p<0.004), 

anal mucus loss (27% versus 15%, p<0.005), and decreased satisfaction with bowel function 

(43).  Increased fecal incontinence was similarly reported in the Swedish trial as a late adverse 

effect of preoperative RT (57% versus 26%, p=0·013), along with an increase in urinary 

incontinence (45% versus 27%, p=0.023) and cardiovascular side effects (35% versus 19%, 

p=0·032) (44).  The addition of chemotherapy to preoperative RT resulted in increased 

(unspecified) grade 3 or 4 toxicity compared with short-course RT alone in the Polish trial, but 

no differences were reported in quality of life or anorectal or sexual function at a median of one 

year following surgery (45).   

A second problem with administering preoperative CRT to all Stage II and III rectal cancer 

patients is that although the majority of rectal cancers present as T3 tumours (i.e., extending past 

the outer muscular layer of the bowel wall), as a group these tumours are the most variable with 

respect to survival and recurrence of disease.  Research has shown that with surgery alone, early 

T3 tumours (i.e., where depth of invasion is <5mm) have a prognosis similar to T2 tumours, 

while those extending >5 mm deep have a poorer prognosis that is similar to T4 tumours (46).  
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These observational data were based on specimens resected prior to the institution of TME 

surgery as the gold standard and may therefore be related to inadequate resection of the CRM in 

the advanced tumours.  Regardless, they have led some researchers to question the current 

practice of radiating all T3 tumours, arguing that patients with early T3 tumours may be exposed 

to the toxic effects of radiation without additional benefit (47-49).   

1.4 The need for accurate preoperative staging 

As the evidence reviewed above makes clear, modern management of rectal cancer is complex 

and varies depending on disease stage and depth of invasion.  In the era of preoperative CRT, 

optimal patient outcomes dictate that much of treatment decision making be made 

preoperatively.  While understaging rectal cancer may lead to omission of preoperative RT and 

CRT and an increased risk of local recurrence, overstaging may lead to unnecessary treatment 

with preoperative RT and CRT with significant functional consequences.  Therefore, accurate 

preoperative staging is crucial in order to identify patients who would most benefit from CRT 

and minimize unnecessary morbidity.   

1.5  Approaches to preoperative staging of rectal cancer 

To date, the majority of preoperative therapy trials have used some combination of digital rectal 

examination (DRE), computed tomography (CT) and endorectal ultrasound (ERUS) to stage 

rectal cancers and assign treatment groups (TABLE A.2) (36,37,50).
 
  

DRE involves digital examination of the rectal tumour by the surgeon to assess its mobility and 

height above the anal verge.  These factors are clinical indicators of the favourability of 

prognosis and are used to help determine the need for preoperative therapy.  However, DRE is 

subjective and cannot provide precise staging information even in the hands of an experienced 

colorectal surgeon.  In a study which evaluated the effectiveness of DRE in selecting patients for 

preoperative RT based on signs of locally advanced disease (fixed versus mobile tumour) 

compared with histologic assessment of the same (T4 or CRM<1mm versus T1, T2, or T3<1mm, 

lymph node negative), DRE had very poor agreement with histology (weighted kappa=0.16) and 

allocated patients to appropriate treatment groups in only 40% of cases (51).  This mode of 

staging is also limited by physical factors; in the aforementioned study, DRE could not be 
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performed in 24/98 (25%) of eligible patients because tumours were too high in the rectum to be 

reached or the examination was too painful. 

CT provides cross-sectional imaging of the entire abdomen and pelvis and allows visualization 

of the tumour in relation to surrounding structures.  Its role in preoperative staging of rectal 

cancer is primarily in the detection of regional and distant metastatic spread.  While it has been 

extensively investigated for local rectal cancer staging, CT lacks the resolution to depict depth of 

bowel wall penetration and consistently compares poorly with ERUS and MRI in T-category 

assessment (52,53) (see Section 2.1 for more detail); as a result, it is not generally recommended 

for this purpose (54,55). 

ERUS is a dynamic imaging procedure performed by insertion of an ultrasound probe into the 

rectum.  It displays the individual layers of the bowel wall as well as the mesorectum to 

demonstrate tumour depth of invasion and spread to mesorectal lymph nodes.  ERUS has the 

advantage of positioning the image probe immediately adjacent to the tumour with minimal 

interference from interposing tissue.  It provides excellent resolution of the bowel wall, 

particularly for early rectal tumours (T1 or T2) (see Section 2.1 for more detail) and is useful to 

identify patients who are eligible for local (transanal) tumour excision.  ERUS is the current gold 

standard for staging rectal cancer, particularly in American guidelines (54,55).  However, it is 

operator dependent and, like DRE, may not be technically feasible for proximal or stenotic rectal 

tumours (56).   

Over the past decade, magnetic resonance imaging (MRI) has been extensively studied for 

staging rectal cancer and its quality has improved (57,58).  While ERUS is more specific than 

MRI for distinguishing early rectal cancers (53), MRI has been shown to be superior for 

demonstrating the extent of deeper tumours and additionally better delineates anatomy than other 

imaging modalities (58).  More importantly, MRI can visualize the mesorectal fascia to predict 

the potential CRM (59) which cannot be determined by either ERUS or DRE.  In retrospective 

studies, CRM identified on MRI has been shown to be a good predictor of local recurrence 

(60,61), although it has not been used in any RCT as a determinant of preoperative treatment 

decision making.  While T-category and lymph node involvement are primarily used to allocate 
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preoperative CRT in North America, predicted CRM status is a key element in several European 

guidelines for rectal cancer staging and preoperative treatment decision-making (55). 
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Chapter 2  
Rationale 

2.1 The need for a meta-analysis 

Numerous studies have investigated the diagnostic accuracy of MRI for predicting T-category, 

lymph node involvement, and CRM, resulting in a wide range of estimates.  In this situation, 

meta-analysis of individual diagnostic study data using formal statistical methods is helpful as it 

can determine how well a test classifies individuals with and without disease and how these 

estimates compare across tests (i.e., staging modalities).  Meta-analysis has the advantage of 

taking into account all available evidence (including conflicting results) to answer one or more 

specific questions.  Because a meta-analysis incorporates more data than any individual study, it 

may have more power to detect true differences in performance between tests than single studies.  

Furthermore, it can quantify the variability of test accuracy and the degree to which different 

factors can influence it (62). 

In the past decade, four meta-analyses have investigated the accuracy of MRI for staging rectal 

cancer in comparison with histopathology as the gold standard (TABLE A.3).  In a systematic 

Medline-based review, Kwok et al (52) compared ERUS, CT, and MRI for assessing T-category 

(penetration through muscularis propria versus no penetration) and lymph nodes (nodes involved 

versus uninvolved).  The analysis involved 78 papers published 1981-1998 and included 

different types of MRI coils (body, endorectal, phased array).  Patients who received 

preoperative RT were included in the analysis.  Simple descriptive pooled analysis (see Chapter 

3.3) was used to produce estimates of sensitivity and specificity of each imaging modality for T-

category and lymph nodes.  Sensitivity and specificity of ERUS, CT, and MRI were respectively:  

(93%,78%), (78%,63%), and (86%,77%) for T-category and (71%,76%), (52%,78%), 

(65%,80%) for lymph nodes.  Since preoperative long-course RT can cause tumour regression 

(thus downstaging tumours) and alter accuracy estimates, separate subgroup analyses were 

performed for patients who did not receive preoperative RT.  In this smaller group of patients, 

sensitivity and specificity of ERUS, CT, and MRI were respectively:  (93%,74%), (79%,75%), 

and (90%,74%) for T-category and (75%,72%), (51%,88%), (60%,82%) for lymph nodes.  

Subgroup analysis including 169 patients from six studies was performed for MRI with 
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endorectal coil (which represents different technology and thus a different index test) and 

resulted in 89% sensitivity and 79% specificity for T-category and 82% sensitivity and 83% 

specificity for lymph nodes (no separate analysis by RT status was performed in this subgroup).  

The authors concluded that MRI with endorectal coil was the most accurate modality for both T-

category and lymph nodes.   

The same comparison between ERUS, CT, and MRI was repeated in a second systematic review 

by Bipat et al (53) based on a more comprehensive search of Medline, EMBASE, Cochrane, and 

CANCERLIT databases.  The analysis was based on 90 studies (published 1985-2002), 45 of 

which overlapped with the analysis by Kwok.  Similar to the first analysis, multiple MRI coil 

types were included; however, this study excluded patients who received preoperative RT or 

CRT.  A bivariate random effects model (see Chapter 3.3) was used to compare summary 

estimates of sensitivity and specificity of each imaging modality for T-category and lymph node 

metastases.  Diagnostic accuracy of T-category was separately assessed for each of muscularis 

propria invasion (T2 or higher versus T1), perirectal tissue invasion (T3 or higher versus T2 or 

lower), and adjacent tissue invasion (T4 versus T3 or lower).  In the assessment of perirectal 

tissue invasion (T-category), the sensitivity of ERUS (90%, 95%CI 88-92) was significantly 

higher than both CT (79%, 95%CI 74-84) and MRI (82%, 95%CI 74-87), but the specificity of 

the three modalities was similar: (75%, 95%CI 69-81), (78%, 95%CI 73-83), and (76%, 95%CI 

65-84) respectively.  ERUS, CT, and MRI were also similar in their sensitivity (67%, 95%CI 60-

73; 74%, 95%CI 67-80; 66%, 95%CI 54-76, respectively) and specificity (78%, 95%CI 71-84; 

55% , 95%CI 43-67;  76%, 95%CI 59-87, respectively) to detect lymph node metastases.  ERUS 

was more specific (86%, 95%CI 80-90) than MRI (69%, 95%CI 52-82) in distinguishing T2 or 

higher versus T1 tumours, but sensitivity of the two modalities was similar for this assessment.  

Sensitivity and specificity were also not significantly different between ERUS, CT, and MRI for 

detection of adjacent organ invasion.      

The accuracy of ERUS, CT, and MRI for detecting lymph node metastases was further reviewed 

in a third meta-analysis (63) which also examined the accuracy of MRI for predicting CRM 

involvement.  The review included 75 and 7 articles (published 1985-2005) examining lymph 

node metastases and CRM involvement, respectively.  As in the meta-analysis by Kwok, patients 

who received preoperative RT or CRT were included.  The type of MRI coil used in each study 
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was not described in the analysis.  For each imaging modality, summary receiver operating 

characteristics (sROC) curves were constructed for each outcome using the Moses-Littenberg 

method, and diagnostic odds ratios (DOR) (see Chapter 3.3) were also calculated for detecting 

lymph node metastases.  All three modalities performed poorly for detecting lymph node 

metastases (DOR 8.83 for EUS, 5.86 for CT, and 6.53 for MRI) with no significant difference 

between them.  However, MRI had good accuracy for CRM assessment, with a sensitivity of 

80% associated with a false positive rate of 20%.  Separate subgroup analysis was not performed 

for patients who received preoperative RT or CRT. 

Most recently, a systematic review by Purkayastha et al (64) evaluated MRI for CRM assessment 

in nine studies published 2001-2005.   Patients who received preoperative RT or CRT were 

included in the analysis.  A fixed effects model was used to estimate sensitivity and specificity 

with 95% confidence intervals, and a sROC curve was generated and used to estimate DOR.  

Study quality was formally assessed using a validated checklist.  The overall sensitivity, 

specificity, and DOR of MRI for detecting CRM involvement were 94% (95%CI 90-97), 85% 

(95%CI 81-89), and 57.21 (95%CI 18-180), respectively.  Subgroup analysis including five 

studies that used phased array coil produced sensitivity, specificity, and DOR estimates of 97% 

(95%CI 93-99), 84% (95%CI 75-91), and 68 (95%CI 13-350).   

While these meta-analyses have provided some insight into the ability of MRI to stage rectal 

cancer, they suffer from a number of important limitations.  First, none of the meta-analyses have 

examined all three of the elements important to local staging of rectal cancer (T-category, lymph 

nodes, CRM), and it is difficult to compare accuracy estimates derived from different meta-

analyses using different inclusion criteria and methodology.  Second, the larger and more 

comprehensive reviews (52,53) examined mainly older studies (published before 2000), many of 

which used MRI with body coil.  This type of coil is outdated and no longer considered adequate 

for rectal cancer staging, with phased array coil being the current standard used in practice.  

These analyses have therefore included outdated technology and their results cannot be 

generalized to MRI technology as it currently exists. Third, inclusion criteria were broad in all 

four studies, resulting in important clinical heterogeneity in the technology and populations 

examined, but this heterogeneity was poorly managed.  Two studies combined different types of 

technology (endorectal coil, phased array coil) without  investigating the effect of individual coil 
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type on results (53,63) while two (63,64) of the three reviews (52,63,64) that included patients 

who underwent preoperative RT or CRT did not produce separate results by therapy status.  

Furthermore, three of the analyses used simple, fixed-effects statistical models which did not 

account for the correlation between sensitivity and specificity (52) or failed to account for 

heterogeneity between studies (47,63,64).  Such models are not recommended for meta-analyses 

of diagnostic accuracy (62) (also see Section 3.3).  Finally, three of the reviews (52,53,63) did 

not perform a formal assessment of study methodological quality, which is a critical component 

of meta-analyses involving observational studies (65). 

2.2 Objective 

The objective of this thesis was to perform a systematic review and meta-analysis of the 

literature to determine the accuracy of phased array pelvic MRI for 1) T-category, 2) lymph node 

metastases, and 3) CRM involvement. 
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Chapter 3  
Methods 

3.1 Study selection and data extraction 

A comprehensive search of Medline (January 2000-March 2011), EMBASE (January 2000-

March 2011), the Cochrane Central Register of Controlled Trials (through first quarter 2011), 

and the Cochrane Database of Systematic Reviews (2005-March 2011) was performed using 

search terms related to MRI, rectal cancer, neoplasm staging, and diagnostic assessment (Figure 

A.1).  Reference lists of articles retrieved were also searched manually to identify relevant 

studies. 

Studies were included in the systematic review if they fulfilled the following a priori defined 

criteria:  1) original published reports with primary data, 2) phased array pelvic coil MRI used to 

assess the accuracy of T-category, lymph nodes, or CRM involvement for biopsy-proven primary 

rectal cancer, 3) histopathology used as the reference standard, and 4) English language.  To 

ensure that technology under assessment was relatively current, final results were restricted to 

studies published since January 2000.  Studies in which original primary data were available to 

extract or reconstruct 2x2 contingency tables for the outcomes of interest were eligible for 

inclusion in the meta-analysis.  Where raw data were not published but an article was otherwise 

eligible for inclusion, authors were contacted to request this information.  Excluded from the 

meta-analysis were:  1) studies that incorporated other MRI coil types (e.g., endorectal or body 

coil) which were deemed to represent a fundamentally different index test and are less widely 

used in practice, 2) duplicate data from another included study, and 3) patients who received 

preoperative CRT or long course RT alone.  These patients were excluded because both long 

course RT and CRT can cause tumour regression, resulting in a final histopathologic stage that is 

less advanced (downstaged) compared with the tumour at initial imaging.  In such patients, 

histopathology would no longer be an acceptable reference standard for MRI.  In cases where 

only a portion of the study population met the inclusion criteria (e.g., some patients received 

preoperative RT and some did not), only data for those eligible patients were included in the 

analysis if they could be extracted separately. 
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Titles and abstracts identified by the search strategy were independently reviewed by three 

reviewers.  For all abstracts that met inclusion criteria or were potentially eligible, full articles 

were retrieved and independently reviewed by two reviewers. 

Data from selected articles were independently abstracted by two reviewers using a standardized 

data extraction form and included study variables (year of publication, study design), test 

interpretation variables (definitions for MRI “positive cases”, number of readers, approach to 

image assessment), population characteristics (inclusion and exclusion criteria), MRI protocol 

(field strength, sequences, resolution parameters, contrast use), and test results (2x2 contingency 

tables).  Each paper was then discussed among all reviewers and discrepancies were resolved by 

consensus.  In studies where separate results were provided for multiple independent readers, 

each set of results was included as a separate dataset. 

Two-by-two contingency tables were extracted or reconstructed for each outcome on a patient 

level as follows:  a) T-category - T3/T4 versus T1/T2, b) Lymph nodes - any involved versus 

uninvolved, c) CRM - involved versus uninvolved.  This categorization was based on criteria 

from clinical guidelines for preoperative CRT (55), in order to determine how well MRI 

classifies patients who should or should not receive this treatment.  Definitions of positive cases 

on MRI differed between studies and were extracted for each study when available. 

3.2 Assessment of methodological quality 

A modified version of the Quality Assessment of Diagnostic Accuracy Studies (QUADAS) tool 

was used to assess the methodological quality of studies included in the meta-analysis.  

QUADAS is a 14-item checklist developed specifically to assess the quality of primary studies 

for inclusion in systematic reviews and meta-analyses (66).  It has been adopted by the Cochrane 

Collaboration (65) as a guide to the conduct and reporting of diagnostic accuracy studies.  The 

development of the tool followed a rigorous and methodologically accepted approach suggested 

by Norman and Streiner
 
(67) and adopted by Jadad et al (68) to develop a scale to assess the 

quality of randomized controlled trials.  Evidence from the published literature and previously 

developed tools was comprehensively synthesized and considered by methodology experts using 

a Delphi procedure to produce the final tool.   
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QUADAS items fall within three domains: bias (9 items), generalizability (2 items), and quality 

of reporting (3 items) (Table A.4).  Each item is scored as yes/no/unclear.  Bias items include 

elements of study design and execution (items 3,4,5,6,7,12,14), and interpretation (items 10,11), 

and generalizability items refer to the composition of patients selected (items 1,2).  The 

Cochrane Diagnostic Test Accuracy (DTA) Handbook recommends using a modified version of 

QUADAS which omits three items that focus on quality of reporting rather than methodological 

quality (items 2,8,9) (65).  It is also recommended that items important to a particular topic be 

added to the checklist as necessary.  In this review, an important determinant of study quality 

was whether the index test (MRI) and reference standard (histopathologic assessment) were 

appropriately performed.  Therefore, the following two items were added to the QUADAS 

checklist:  1) Does the execution of the index test meet accepted standards? and 2) Does the 

execution of the reference standard meet accepted standards?  The modified version of 

QUADAS used in this review is attached in Table A.5.   

As a short, simple checklist developed specifically for use in DTA meta-analyses, QUADAS is 

the best available tool to assess the methodological quality of studies in this review.  It does, 

however, have some important limitations.  First, the tool was created with a generic purpose and 

intended to apply to all diagnostic accuracy studies rather than studies of radiological imaging in 

particular.  Because of this, items are broadly defined and vaguely phrased, leaving considerable 

room for interpretation.  For example, item 2, “Were selection criteria clearly described?” can be 

interpreted to refer to age, sex, disease stage, tumour location, co-morbidities, or other selected 

variables.  Minimum criteria for fulfilling each QUADAS item must therefore be determined by 

reviewers before the tool can be applied.  Second, the inter-observer reliability of the tool is 

variable, with agreement on individual items ranging from "no agreement beyond chance" to 

"almost perfect agreement" (69-71) based on calculated kappa values.  Third, QUADAS is not 

intended by its developers to produce a total score because i) the weighting and calculation of 

quality scores are felt to be arbitrary and subjective, and ii) quality scores ignore the variable 

importance of individual items in different contexts
 
(66).  Instead, the authors recommend 

individual assessment of QUADAS items to determine risk of bias in each study.  The lack of an 

aggregate score limits the utility of the checklist within a meta-analysis, as overall study quality 

cannot be directly incorporated into the results.  
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In applying QUADAS to this meta-analysis, minimum criteria for fulfilling each item were 

discussed by reviewers and disagreements were resolved by consensus prior to scoring studies.  

In keeping with Cochrane DTA Working Group recommendations, no summary score was 

calculated. 

3.3 Statistical analysis and data synthesis 

3.3.1  Measures of diagnostic accuracy 

Common indices of diagnostic accuracy include sensitivity and specificity, positive and negative 

likelihood ratios, positive and negative predictive values, and the diagnostic odds ratio.  

Sensitivity is the proportion of patients with the disease who are correctly identified to have it 

(true positive rate), while specificity is the proportion of patients without disease who are 

correctly identified to be free of it (true negative rate).  Predictive values are related to disease 

prevalence within a population and are calculated based on index test results as the proportion of 

test positive cases that are true positives (PPV) or the proportion of test negative cases that are 

true negatives (NPV).  Likelihood ratios are calculated as functions of sensitivity and specificity.  

A positive likelihood ratio (LR+ = sensitivity/[1-specificity]) estimates how much higher the 

odds are that a positive index test result would be found in a diseased versus a non-diseased 

patient, while a negative likelihood ratio (LR- = [1-sensitivity]/specificity) estimates how much 

lower the odds are that a negative index test result would be found in a diseased versus a non-

diseased patient.  The diagnostic odds ratio (DOR) is the ratio of odds of a positive test in 

patients with disease relative to patients without disease (i.e., LR+/LR-). 

The choice of summary index to be used in a meta-analysis can be guided by its properties.  

Sensitivity and specificity are familiar to clinicians and are (theoretically) independent of disease 

prevalence, making them a good choice to summarize data from multiple studies with 

heterogeneous populations.  They can also be used to calculate likelihood ratios, if desired.  

Sensitivity and specificity provide different information about a given test.  Comparing tests with 

a focus on sensitivity is useful when the objective is to identify the test that is least likely to miss 

a positive case (or understage), while comparing tests with a focus on specificity is useful when 

the objective is to identify the test that is least likely to falsely diagnose a negative case as 

positive (or overstage).  When the objective is to identify the test with the maximum "overall" 
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diagnostic performance, DOR is an appropriate measure.  As a function of sensitivity and 

specificity, DOR is similarly (theoretically) independent of disease prevalence and is useful as a 

single indicator of test performance that can allow comparison between different tests.  Higher 

DOR values indicate better test performance (72).   

In reality, it has been demonstrated that sensitivity and specificity (and by extension, likelihood 

ratios and DOR) can actually vary with prevalence.  One reason for this is that the distinction 

between the presence or absence of disease may not be truly dichotomous but rather may lie 

along a spectrum of disease severity from which a particular threshold is used to identify positive 

cases.  The distribution of disease severity in a test population relative to the selected threshold 

affects not only the prevalence but also the likelihood of misclassification (i.e., cases which lie 

closer to the threshold are more likely to be misclassified than cases which lie at the extremes of 

the severity spectrum).  Thus, the sensitivity and specificity of the test will vary with prevalence, 

a phenomenon known as “spectrum effect” (73).  Furthermore, where test results require human 

interpretation (e.g., a radiologist reviewing MRI scans), the clinician interpreting the results of a 

diagnostic test may be aware of the prevalence of the disease in question in the population under 

assessment and may be more likely to classify a given result as positive in a high prevalence 

population (and vice versa in a low prevalence population).  Therefore, the same test would have 

high sensitivity but low specificity in high prevalence populations, and low sensitivity but high 

specificity in low prevalence populations (74).  Despite these limitations, sensitivity, specificity, 

and DOR are appropriate summary measures to use in meta-analysis provided that care is taken 

that included studies have sufficiently similar distribution of disease severity and prevalence. 

3.3.2  Approach to diagnostic accuracy data 

Traditional meta-analytic methods were developed in order to synthesize the results of 

intervention studies.  These methods essentially involve pooling the treatment effect measures 

derived from individual studies to calculate a weighted average of intervention effects (e.g., odds 

ratios for dichotomous outcomes).  If studies are sufficiently homogeneous in population and 

methodology, a meta-analysis may use a fixed effect statistical model which assumes that the 

true effect size is the same across studies.  Fixed effects models account for within study 

variability but do not allow for between study variability.  Each model typically deals with only 

one primary outcome (75).  In contrast, meta-analyses of diagnostic test accuracy (DTA) studies 
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must simultaneously deal with two correlated summary statistics (sensitivity and specificity) and 

must account for the impact of the positivity threshold used across different studies on this 

relationship.  Using the same index test, a higher cut-off to define positive cases would result in 

higher specificity and lower sensitivity, while a lower cut-off would result in higher sensitivity 

and lower specificity.  The values of sensitivity-specificity pairs at each threshold can be plotted 

in receiver operating characteristics (ROC) space to demonstrate this correlation for a given test.  

Threshold differences can arise not only due to explicit differences in positivity cut-off values 

between studies (e.g., what distance between tumour and mesorectal fascia constitutes a positive 

CRM) but also due to implicit variations in how these values are measured or interpreted (e.g. 

where to measure this distance on the MRI image).  Threshold effects are particularly important 

in tests which utilize a cutoff along a continuous or ordinal scale to define test positivity; 

however, they may still be relevant in tests where interpretation of results as positive or negative 

is subjective, since the criteria for determining positivity in such tests may lie along an implicit 

scale (e.g., degree of signal heterogeneity indicating lymph node involvement) such that 

sensitivity and specificity vary in an ordered fashion depending on the particular cutoff chosen to 

define a positive test. 

Statistical tests such as the I
2
 statistic, which can be used to check for heterogeneity in meta-

analyses of intervention studies, are not useful in DTA meta-analyses because they do not 

account for heterogeneity due to threshold effects.  As a result, the Cochrane Collaboration 

experts recommend assuming that heterogeneity is nearly always present to some degree in DTA 

meta-analyses and must be considered when selecting a statistical model (62). 

3.3.3  Meta-analytic models 

The simplest statistical approach, involving separate pooling of sensitivity and specificity or 

other accuracy indices does not account for correlation between these measures and gives 

average estimates of these values at some unspecified mean threshold (which may not even be 

clinically applicable) (76).  A more advanced approach proposed by Moses and Littenberg 

(77,78) involves estimating a summary receiver operating characteristics (sROC) curve to 

account for variations in thresholds between studies.  In this model, the pairs of sensitivity (true 

positive rate or TPR) and 1-specificity (false positive rate or FPR) for the ith study are logit-

transformed to produce two new variables, Di and Si as follows: 



19 

 

Di = logit (TPRi) – logit (FPRi)  

Si = logit (TPRi) + logit (FPRi) 

where Di is the log of the diagnostic odds ratio and Si represents a measure of the threshold used.  

The two new variables are then used to fit a linear model with Si as the independent variable and 

Di as the dependent variable.  In the final step of the model, the pairs of Di and Si are anti-logit 

transformed into ROC space to produce a summary curve for each outcome.  The position of the 

summary ROC curve indicates the difference in diagnostic performance of a test; the closer a 

curve is located to the upper left corner of the ROC space, the better the diagnostic performance. 

While the Moses-Littenberg method has been widely applied in DTA meta-analyses, it is a fixed 

effects model which does not account for random variation between studies and ignores 

correlations in data within studies (79).  Although it enables estimation of sensitivity for a given 

value of specificity, it does not produce average values of sensitivity and specificity (80).  

Furthermore, the properties of its slope (shape) parameter mean that in some datasets (for 

instance, where there is heterogeneity in test accuracy between subgroups of studies), improper 

sROC curves can result in which both sensitivity and specificity decrease together (which does 

not make sense clinically).  Another limitation of this model is that it does not take into account 

the sampling error of Si, treating it as a known parameter when it is in fact derived from TP and 

FP. (62) 

The limitations of the Moses-Littenberg model have led to the development of newer, more 

complex statistical models.  Two of these are advocated for use by the Cochrane Collaboration: 

the bivariate model (81) and the hierarchical summary receiver operating characteristics 

(HSROC) model (82).  Both are random effects approaches which offer the important advantage 

of being able to account for heterogeneity both within study samples (sampling variability) and 

between study samples (differences in population, readers, diagnostic technology, etc).  Both 

models also allow for the addition of covariates to explore the influence of individual sources of 

heterogeneity on estimates.  This offers an analytical advantage in that all studies can be included 

in the analysis to maintain statistical power, in contrast with traditional subgroup analysis where 

different subgroups are analyzed separately. 
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3.3.4  Bivariate model 

In the first level of this generalized linear mixed effects model, within-study variability for 

sensitivity and specificity is assumed to follow a binomial distribution and sensitivity-specificity 

pairs from each study are jointly modeled using logit-transformations.  This level accounts for 

heterogeneity within studies arising from sampling variability.  For sensitivity (A) in a given 

study i, the number of patients who have a positive test is specified by:  

yAi ~ Binomial(nAi, Sensi), logit (Sensi) = βAi + µAi 

where nAi represents the total number of patients with disease, Sensi represents the probability of 

a positive test result in that group (i.e., sensitivity) in study i, and βAi represents covariates that 

may be related to sensitivity.  Similarly, for specificity (B) in a given study i, the number of 

patients who have a negative test is specified by: 

yBi ~ Binomial(nBi, Speci), logit (Speci) = βBi + µBi 

where nBi represents the total number of patients without disease, Speci represents the probability 

of a negative test result in that group (i.e., specificity) in study i, and βBi represents covariates that 

may be related to specificity.   

In the second level, the logit-transformed sensitivity and specificity are modeled using a single 

bivariate normal distribution to account for the correlation between sensitivity and specificity.  

Here, assumptions of random effects take into account heterogeneity arising from true 

differences in sensitivity and specificity across studies.  The second level of the model takes the 

form: 

 µAi    

 

µAi 
  

 

  σ
2

A   σAB  
 ~ N  , ∑ with ∑ =  

µBi  µBi 
  σAB   σ

2
B 

where µA is mean logit sensitivity, µB is mean logit specificity, σ
2

A is the variance of logit 

sensitivity, σ
2

B is the variance of logit specificity, and σAB is the covariance between logit 

sensitivity and specificity.  Associated 95% confidence and prediction regions around sensitivity-

specificity pair estimates (depicted as ellipses around a summary point on a sROC plot) can also 

be calculated.  The prediction ellipse demonstrates the extent of heterogeneity in the data as it 
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indicates the region within which one can predict with 95% confidence that the “true” sensitivity 

and specificity of a future study should be (83).   

3.3.5  HSROC model 

Similar to the Moses-Littenberg model, the HSROC approach models functions of sensitivity 

and specificity to estimate accuracy and threshold parameters for a summary ROC curve but is 

designed to overcome the limitations of the former approach.  Like the bivariate model, it 

involves two levels, logit-transforming TPR and FPR pairs jointly using a binomial distribution 

to account for within-study variability at the lower level and fitting the transformed variables as a 

random effects model with assumed normally distributed variability to account for between-

study heterogeneity at the higher level.  In the first level, the number of patients testing positive 

in the diseased and non-diseased groups in a given study i are assumed to follow binomial 

distributions as given by yij ~ Binomial(nij, πij), where j denotes disease group (1=diseased, 

2=non-diseased), nij represents the total number of patients tested and πij represents the 

probability of a positive test result.  The model is written as: 

logit(πij) = (θi + αiXij)exp(-βXij) 

where θi is a proxy for the positivity threshold (calculated as the mean of the log odds of a 

positive test result for the diseased and the log odds of a positive test result for the non-diseased 

groups), αi is the lnDOR, and Xij represents the true disease status for patients in the given 

disease group.  β is a scale parameter which describes the shape of the sROC curve.  Since the 

sROC curve is constructed from data points derived from multiple studies, β cannot be estimated 

based on any single study and is therefore assumed to be the same across all studies (i.e., it is 

fitted as a fixed effects parameter) (62,82).   

In the second level of the HSROC model, accuracy and threshold derived from each study are 

assumed to be independent and normally distributed with αi ~ N(Λ, σα) and θi ~ N(Θ, σβ), where 

Λ is mean accuracy, σα is variance of accuracy, Θ is mean threshold, and σβ is variance of 

threshold.  To construct a sROC curve, the mean accuracy and shape parameters estimated by the 

model can be used to calculate sensitivity (TPR) from a selected range of FPR values as follows: 

Sensitivity = 1/[1+exp(-(Λe
-0.5β

+logit(FPR)e
-β

))] 
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3.3.6  Considerations for selecting a model 

In the absence of additional covariates, the bivariate and HSROC models have been shown to be 

identical (83) and simply offer different perspectives on the same data through specification of 

different parameters to provide a mean estimate at a selected threshold (bivariate model) or a 

summary curve encompassing all possible thresholds (HSROC model).  The models remain 

equivalent if the same covariates are added to each and allowed to affect both accuracy and 

threshold parameters (HSROC model) or both sensitivity and specificity (bivariate model) (83).  

The Cochrane Handbook for Systematic Reviews of Diagnostic Test Accuracy recommends 

using HSROC modeling to estimate a sROC curve when thresholds are highly variable between 

studies (e.g., when various distances are used to define CRM involvement), in order to 

demonstrate the range of clinically possible sensitivity-specificity values, and using bivariate 

modeling to estimate an average sensitivity and specificity at a given threshold when this 

cutpoint is common across studies (62).  In cases where it is unclear what threshold has been 

used in different studies or this cutpoint is subjective (e.g., the criteria for mesorectal fat invasion 

in T3 tumours), both models may be used to provide complementary information, as has been 

done in the meta-analysis reported here.  

3.3.7  Applying the model 

In this meta-analysis, statistical analysis was performed using bivariate random effects modeling 

and hierarchical summary receiver operating characteristics (HSROC) modeling.  Using SAS 

software (SAS institute, Cary, NC), bivariate random effects modeling was used to produce 

summary estimates of sensitivity and specificity while HSROC modeling was used to estimate 

the diagnostic odds ratio (DOR) for each outcome with 95% confidence intervals for each 

estimate.  Sensitivity, specificity, and DOR were compared between outcomes using the z-test 

for equality of proportions, and significance was set at p<0.05.  Once parameter estimates 

(means and variances) were obtained, they were imported into the Cochrane Collaboration’s 

Review Manager software (RevMan 5).  This program uses the formulae of the bivariate and 

HSROC models as described above to fit summary ROC curves with 95% confidence and 

prediction regions. 
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3.4 Investigations of heterogeneity 

Covariate analyses were planned for variables which were determined to be potential sources of 

heterogeneity in MRI diagnostic performance.  The following covariate analyses were planned 

for each outcome: MRI protocol (adequate versus inadequate), field strength (3T versus lower 

fields), definition of T3 tumour (nodular versus spiculated tumour margin), definition of lymph 

node metastatic involvement (size versus border versus signal criteria), definition of CRM 

involvement (<1mm versus <2mm from mesorectal fascia), approach to image assessment 

(independent versus consensus).  MRI protocols were deemed adequate if they included T2 

weighted, high resolution axial images performed perpendicular to long axis of tumour-bearing 

rectum.  Investigating one variable at a time, each covariate was allowed to influence sensitivity 

and specificity (and by extension, DOR) for each outcome and a covariate was considered 

statistically significant if it altered an estimate with a p-value of p<0.05 (likelihood ratio test).  

Sensitivity analyses were also planned to investigate the influence of individual quality items on 

results.  
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Chapter 4  
Results 

4.1 Search results and study selection 

The initial literature search identified 1145 abstracts of which 95 were judged relevant for full 

assessment; an additional 9 articles were identified from the reference lists of these articles and 

were also read in full.  Following data extraction, 21 articles (84-104) met inclusion criteria and 

have been included in this meta-analysis.  Requests for original data from authors of 14 

potentially eligible articles yielded no further information, and these were therefore excluded.  

The remaining articles did not meet inclusion criteria for a number of reasons and were excluded 

(FIGURE 4.1). 

4.2 Search characteristics 

Data were extracted from 19 studies for T-category assessment in 1986 patients (33 datasets), 

from 13 studies for lymph node assessment in 1249 patients (23 datasets), and from 10 studies 

for CRM assessment in 986 patients (13 datasets).  Characteristics of included studies are 

summarized in TABLE 4.1.  Study design was retrospective in seven studies, prospective in 12 

studies, and unclear in two.  Six studies employed a consensus of two radiologists and 14 

recorded independent readings by one or more radiologists; this information was not available in 

one study.  There was notable heterogeneity among studies in the criteria used to define 

"positive" cases, and this information was frequently not provided.  This made it difficult to 

interpret how the mean estimates of sensitivity and specificity derived for each staging element 

might apply to any particular definition of positivity for that element.  In the assessment of T-

category, “spiculated” extensions from the tumour into the perirectal fat were considered T3 

tumour in some studies and T2 tumour in others.  Lymph node size >5mm, irregular borders, and 

mixed signal intensity were used in different combinations across studies to define lymph node 

metastatic involvement.  CRM involvement was most variably defined, ranging from direct 

contiguity of tumour with the mesorectal fascia to tumour extension <5mm from the mesorectal 

fascia. 

 



25 

 

 

Figure  4.1  Flow diagram for identification of eligible studies 
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Table 4.1  Characteristics of studies included in the analysis 

 
Study Design Assessment 

approach (# of 

readers for each 

MRI) 

Elements 

assessed 

# of 

patients 

in 

analysis 

Definition of positive case 

Gagliardi 

2002 (87) 

prospective independent (1) T-category 28 T3 = spiculation into perirectal fat 

Nodes 28 Node diameter >5mm 

Branagan 

2004 (84) 

prospective independent (1) T-category 40 Not provided 

Nodes 40 Not provided 

CRM 40 Contiguity of tumour with MRF 

Kim 2004 

(89) 

prospective independent (4) T-category 62 T3 = spiculation into perirectal fat 

Nodes 62 Node diameter >5mm or 

heterogeneous signal or irregular 

border 

Ferri 2005 

(86) 

unclear consensus (2) T-category 33 Not provided 

Nodes 33 Node diameter >5mm 

CRM 33 Tumour extension within <1mm of 

MRF 

Oberholzer 

2005 (91) 

prospective consensus (2)
 †
 T-category 19 Not provided 

Nodes 17 Node diameter >5mm with 

inhomogeneous decreased signal and 

irregular border 

Vliegen 

2005 (96) 

retrospective independent (2) T-category 56 T3 = spiculations in the perirectal fat 

or a bulging tumour margin beyond 

the contour of the rectal wall 

CRM 56 Clear spiculations from tumour 

reaching MRF or minimal fat plane 

between tumour/tumour 

deposit/suspected node and MRF 

Burton 2006 

(85) 

retrospective independent (1) T-category 57 Not provided 

Nodes 57 Not provided 

CRM 57 Not provided 

Kim 2006 

(99) 

prospective independent (3) T-category 35 Not provided 

Nodes 30 Indistinct border or irregular margin or 

mixed signal intensity 

MERCURY 

2006 (90) 

prospective independent (1)* CRM 311 Tumour extension within <1mm of 

MRF 

MERCURY 

2007 (104) 

prospective independent (1)* T-category 300 Not provided 

Rao 2007 

(93) 

prospective consensus (2) T-category 67 T3 = spiculation into perirectal fat 

CRM 67 Tumour extension within 2mm of 

MRF 

Strassburg 

2007 (94) 

retrospective independent (1) T-category 43 Not provided 

Nodes 43 Not provided 

CRM 45 Tumour/tumour deposit/involved 

node/EMVI within <1mm of MRF 

Taylor 2007 

(95) 

retrospective independent (1) CRM 42 Tumour extension within <5mm of 

MRF 

Futterer 

2008 (103) 

prospective consensus (2) T-category 22 T3 = irregular spiculation into 

perirectal fat 
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Table 4.1 (continued) 
 

Study Design Assessment 

approach (# of 

readers for each 

MRI) 

Elements 

assessed 

# of 

patients 

in 

analysis 

Definition of positive case 

Halefoglu 

2008 (88) 

unclear Independent (1) T-category 34 T3 = spiculation into perirectal fat 

Nodes 34 Node diameter >5mm 

Kim 2008 

(102) 

retrospective independent (2) T-category 42 Thickened but not fine spiculations 

Piippo 2008 

(92) 

prospective consensus (2) T category 26 T3 = gross spiculations into perirectal 

fat 

Akasu 2009 

(97) 

prospective consensus (2)
†
 T-category 101 T3 = nodular projection into perirectal 

fat 

Nodes 104 Node diameter >5mm 

CRM 101 Not provided 

Kim 2009 

(98) 

prospective independent (1) T-category 66 Not provided 

Nodes 66 Irregular border or mixed signal 

intensity 

CRM 66 Tumour <1mm from MRF 

Kam 2010 

(100) 

retrospective  T-category 23 Not provided 

Nodes 23 Not provided 

Kim 2010 

(101) 

retrospective independent (2) T-category 109 Not provided 

Nodes 109 Indistinct border, irregular margin, or 

mixed signal intensity 

 
 

 

CRM, circumferential resection margin; EMVI, extramural vascular invasion; MRF, mesorectal 

fascia; MRI, magnetic resonance imaging 
† 

One assessor was a surgeon 

*Multicentre study; 18 different radiologists, each MRI only read by one radiologist 

 

4.3 Methodological quality 

The methodological quality of included studies is summarized in TABLE 4.2.  As per the 

inclusion criteria, all studies used an acceptable reference standard (histopathology).  In general, 

poor reporting of study details prohibited assessment of studies on a number of quality items, 

particularly those related to patient spectrum, execution of the MRI and histopathological 

assessment.  This made it difficult to use the QUADAS tool to distinguish between high and low 

quality studies. 
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Table 4.2  Methodological quality of studies included in the final analysis 
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4.4 Data analysis 

For each outcome (T-category, lymph node metastases, and CRM involvement), summary 

estimates of sensitivity, specificity, and DOR were produced with 95% confidence intervals 

(TABLE 4.3), and summary ROC curves were fitted with 95% confidence and prediction regions 

(FIGURES 4.2-4.4).  The three elements were also plotted in a single ROC space for comparison 

(FIGURE 4.5).  MRI specificity was significantly higher for CRM involvement (94%, 95%CI 

88-97) than for T-category (75%, 95%CI 68-80; p<0.0001) and lymph node metastases (71%, 

95%CI 59-81; p<0.0001).  MRI sensitivity was significantly higher for T-category (87%, 95%CI 

81-92) than for lymph node metastases (77%, 95%CI 69-84; p<0.0001) and CRM involvement 

(77%, 95%CI 57-90; p=0.004).  DOR was significantly higher for CRM (56.1, 95%CI 15.3-

205.8) than for lymph node metastases (8.3, 95%CI 4.6-14.7; p=0.0007) and, to a lesser extent, 

for T-category DOR (20.4, 95%CI 11.1-37.3; p=0.04).  

 

 

Table 4.3  Sensitivity, specificity, and DOR of MRI for T-category, lymph node metastases and 

CRM involvement 

 

Parameter  Sensitivity (%)  Specificity (%)  DOR  

T-category   87 (95%CI 81-92)   75 (95%CI 68-80)   20.4 (95%CI 11.1-37.3)  

Lymph node metastases  77 (95%CI 69-84)   71 (95%CI 59-81)   8.3 (95%CI 4.6-14.7)  

CRM involvement  77 (95%CI 57-90)   94 (95%CI 88-97)   56.1 (95%CI 15.3-205.8)  

 

CI, confidence interval; CRM, circumferential resection margin; DOR, diagnostic odds ratio 
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Figure 4.2  Estimated summary receiver operating characteristics (sROC) curve of MRI for 

assessment of T-category in rectal cancer.  Individual squares represent the sensitivity-specificity 

pairs from individual studies in the analysis.  Solid lines represent the range of possible 

sensitivity-specificity pairs based on all studies (from HSROC model).  Solid circle represents 

the summary point estimates with associated 95% confidence region (fine dotted line) and 95% 

prediction region (coarse dotted line) (from bivariate model).  
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Figure 4.3  Estimated summary receiver operating characteristics (sROC) curve of MRI for 

assessment of lymph node metastases in rectal cancer.  Individual squares represent the 

sensitivity-specificity pairs from individual studies in the analysis.  Solid lines represent the 

range of possible sensitivity-specificity pairs based on all studies (from HSROC model).  Solid 

circle represents the summary point estimates with associated 95% confidence region (fine 

dotted line) and 95% prediction region (coarse dotted line) (from bivariate model).  
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Figure 4.4  Estimated summary receiver operating characteristics (sROC) curve of MRI for 

assessment of circumferential resection margin (CRM) involvement in rectal cancer.  Individual 

squares represent the sensitivity-specificity pairs from individual studies in the analysis.  Solid 

lines represent the range of possible sensitivity-specificity pairs based on all studies (from 

HSROC model).  Solid circle represents the summary point estimate with associated 95% 

confidence region (fine dotted line) and 95% prediction region (coarse dotted line) (from 

bivariate model).  
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Figure 4.5  Estimated summary receiver operating characteristics (sROC) curve of MRI for 

assessment of T-category, mesorectal lymph nodes, and circumferential resection margin (CRM) 

involvement in rectal cancer.  Solid lines represent the range of possible pairs of (sensitivity, 

specificity) for each staging element (from HSROC model).  Solid circles represent the summary 

point estimates with associated 95% confidence regions (dotted lines) for each staging element 

(from bivariate model).   
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4.5 Covariate analyses 

There was sufficient data to perform covariate analyses to explore the influence of approach to 

image assessment (independent versus consensus), MRI field strength, and adequacy of MRI 

protocol (adequate versus inadequate or unknown) on T-category assessment (TABLE 4.4).  

Studies which employed a consensus approach to image assessment produced significantly 

higher estimates of sensitivity (p=0.03) and DOR (p=0.02) than those in which images were 

reviewed independently.  MRI field strength also influenced estimates, as studies using 3T 

machines increased the specificity of MRI compared with 1T or 1.5T machines (p=0.03).  MRI 

protocol did not have a significant impact on MRI performance.  This may have been due to the 

large number of studies which did not report sufficient protocol details and were therefore 

classified as “unknown” for this variable. 

 

Table 4.4  Covariate analyses for T-category 

 
Variable Estimate   P value 

Reader approach  Independent Consensus  

 Sensitivity (%) 85 (95%CI 78-90)  94 (95%CI 85-98)  0.03 

 Specificity (%) 72 (95%CI 65-79)  81 (95%CI 68-89)  0.18 

 DOR 15 (95%CI 8-27)  70 (95%CI 20-237)  0.02 

MRI field strength  1T or 1.5T 3T  

 Sensitivity (%) 88 (95%CI 79-93)  86 (95%CI 80-90)  0.67 

 Specificity (%) 69 (95%CI 63-75)  83 (95%CI 67-92)  0.03 

 DOR 16 (95%CI 8-33)  30 (95%CI 11-83)  0.32 

MRI protocol  Inadequate or unknown Adequate  

 Sensitivity (%) 88 (95%CI 76-94)  87 (95%CI 78-92)  0.90 

 Specificity (%) 71 (95%CI 61-80)  76 (95%CI 68-83)  0.43 

 DOR 17 (95%CI 7-45)  21 (95%CI 10-46)  0.76 

 

Abbreviations:  CI, confidence interval; CRM, circumferential resection margin; DOR, 

diagnostic odds ratio; T, Tesla 

There were insufficient numbers to introduce other covariates into the statistical model as 

planned because there were too few studies in a given subgroup to allow for adequate 

comparison between subgroups (e.g., only four datasets defined spiculations into the perirectal 

fat as T2 tumour versus 21 datasets which defined spiculations as T3 tumour) or because 

information was not provided or unclear in a large proportion of studies.  This was a particular 

problem with respect to covariate analyses planned for lymph node and CRM involvement since 

the total sample sizes for these outcomes were already relatively small (compared with T-

category).  However, since the widest confidence intervals were associated with sensitivity of 
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CRM involvement and the relevant SROC plot suggested that this may be due to three outlying 

studies (90,95,98) (FIGURE 4.4), a post-hoc sensitivity analysis was performed to investigate the 

influence of excluding these three studies on MRI sensitivity for CRM involvement.  This 

analysis produced a higher estimate of sensitivity but had little effect on the width of the CI 

(93%, 95%CI 64-99).  

4.6 Other findings from the systematic review 

Our review identified a number of additional findings which could not be synthesized in the 

meta-analysis.  One interesting finding was that the extramural depth of invasion (EMD) (i.e. 

depth of tumour invasion beyond the muscularis propria) is used in some centres as an 

alternative to T-category, such that patients with EMD >5mm receive preoperative CRT while 

those with EMD<5mm without CRM involvement proceed directly to surgery (105).  The same 

authors showed that measurements of EMD on MRI and histopathology are equivalent within a 

mean difference of +0.05mm (103).  However, agreement between MRI and histopathology 

measurements decreased for EMD>5mm (106), and a recent study (98) found that MRI 

determination of EMD status (<5mm versus 5mm) was no more accurate than T-category (T3 

versus T1-2) assessment (88% and 91%, respectively). 

With respect to CRM assessment, Beets-Tan et al retrospectively investigated the correlation 

between CRM measurement on phased array MRI and pathology and concluded that MRI CRM 

of at least 5mm is required to predict with high certainty a histologic CRM of at least 1mm 

(107).  This study suggested that MRI prediction of CRM involvement is reliable but that 

accurate assessment may require the use of a wider threshold on MRI compared to pathology.  

However, a recent prospective study by Taylor et al showed that a cutoff of >1mm on MRI can 

be used to predict clear margins with a low positive histologic CRM rate (3.3%) (105). 

Although short axis diameter >5mm was the criterion most commonly used to predict lymph 

node metastases on MRI, our review found little evidence to support this particular cut-off.  In 

fact, one study found that 15% of lymph nodes < 5 mm on MRI were involved with metastatic 

disease (108), suggesting that there is no size limit below which nodal metastasis can be ruled 

out.  Studies that have specifically investigated optimal criteria for detecting metastatic nodes 

have demonstrated improved sensitivity and specificity with use of border and/or signal criteria 
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relative to size alone (108-110); however, such criteria can be more subjective and less reliable 

among different observers (97). 
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Chapter 5  
Discussion 

5.1 Interpretation of results 

The results of this meta-analysis show that MRI is more specific for CRM involvement than for 

T-category while it is more sensitive for T-category than for CRM involvement.  Previous meta-

analyses have suggested that MRI may be superior for CRM assessment than for T-category, but 

these studies did not directly compare the two elements (52,53,64).  The slight discrepancy in 

conclusions is likely attributable to differences in study inclusion criteria and statistical 

approach.   

In contrast to its performance for T-category and CRM, MRI performance was more consistently 

poor for detection of lymph node metastases.  These results are comparable to those of previous 

meta-analyses (52,53,63) and suggest an inherent limitation in the capacity of current MRI 

technology to detect lymph node metastases accurately.  This problem is exacerbated by the lack 

of agreement on optimal criteria to assess lymph nodes.  A new approach utilizing ultra-small 

superparamagnetic iron oxide (USPIO) to enhance nodes on MRI is under investigation and has 

shown promising results in rectal cancer (111-113). 

While our results are largely similar to those of previous meta-analyses, the unique strength of 

this study is the comprehensive approach to the management of heterogeneity which has 

followed the meta-analysis guidelines set by the Cochrane Collaboration.  This has been 

accomplished in three main ways.  First, focused inclusion criteria have been applied to 

minimize differences among study populations and technology.  Second, a rigorous statistical 

approach has been utilized to incorporate heterogeneity into estimates and reflect its extent in the 

range of possible values (95% confidence intervals), with covariate analyses performed when 

possible to explore the role of different variables.  Third, a formal assessment of methodological 

quality using a validated tool has been performed to describe potential sources of heterogeneity.  

Thus, the diagnostic accuracy estimates produced in this analysis represent the highest quality 

evidence available at the present time for MRI assessment of T-category, lymph node 

metastases, and CRM involvement in rectal cancer. 
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A new finding of this study which has not been identified in previous meta-analyses is that T-

category assessment is improved with the use of higher field strength (3T) MRI machines and 

review of images by consensus of two or more radiologists.  This finding is important because 

both variables are potentially modifiable and can be directly translated into clinical practice.  

Image assessment by consensus produced the highest sensitivity estimate in covariate analyses 

and is of particular clinical value because it represents a simple intervention that may be 

implemented using existing infrastructure and personnel to improve the diagnostic utility of 

available MRI technology.   

The improvement of MRI diagnostic accuracy through consensus reading is consistent with 

evidence that inter-observer agreement between radiologists is highly variable for rectal cancer 

staging.  One of the studies included in our meta-analysis measured inter-observer agreement 

among four gastrointestinal radiologists for detecting T3 or greater versus T2 or lesser tumours 

(89).  Agreement ranged from moderate to excellent (kappa=0.53-0.82) for the different pairs of 

readers.  Individual reader experience was not described and it was unclear to what extent it may 

have influenced results.  In two other studies which compared two radiologists with varying 

expertise in gastrointestinal imaging, agreement on T-category was moderate both for 

distinguishing T3 or greater versus T2 or lesser tumours (linear weighted kappa=0.47, 95%CI 

0.31-0.64) (96) as well as for identification of individual T1-T4 categories (linear weighted 

kappa=0.53, 95%CI 0.38-0.69) (107).  Such variability exists not only for T-category but also for 

CRM and lymph node assessment (89,96), and this suggests that a consensus-based approach to 

image review may improve the accuracy of MRI for these elements as well (though this could 

not be directly investigated in our dataset due to insufficient numbers).  Since the results 

published in the diagnostic accuracy literature are typically based on image assessment by 

experienced GI radiologists, true variability in general clinical practice is likely even higher, 

making the role of multiple readers even more valuable. 

Evidence of the value of consensus assessment is limited in the radiology literature; however, the 

problem of inter-observer variation has been extensively investigated in other diagnostic 

disciplines that rely on clinician interpretation of test or specimen results.  In the field of 

pathology, for example, variability has been demonstrated in the assessment of histopathology 

specimens for the diagnosis or staging of numerous disease processes, both benign and malignant 
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(114-118).  In some instances, such discrepancies had the potential to alter clinical decision-

making significantly.  As part of its guidelines for quality assurance, the College of American 

Pathologists (CAP) has addressed this issue through a number of recommendations that include 

the establishment of daily intradepartmental conferences wherein pathologic assessment for 

difficult cases may be reviewed and a final diagnosis achieved by consensus (119).  In the same 

vein, the American Society of Clinical Pathologists (ASCP) recommends the institution of 

formal mechanisms for second opinion in diagnostic surgical pathology, with special attention 

given to cases identified as “problem-prone” based on personal, local, or literature experience, as 

well as highly critical or significant cases such as new malignant neoplasms or cases in which 

irreversible surgery will be performed (120).  In Ontario, second opinion consultations were 

recently proposed as part of provincial recommendations to improve the quality of pathology 

assessment (121,122).  Pathology intradepartmental consensus conferences have been 

successfully implemented at major centres in North America and worldwide (123). 

5.2 Limitations 

While this study has employed a thorough approach to the management of heterogeneity, there 

remain a number of sources of variability which could not be completely taken into account in 

our analysis.  These included clinical definitions of staging elements, approach to preoperative 

treatment decisions, MRI protocols, radiologist experience, and details of study methodology. 

We had planned to explore the impact of these individual variables on heterogeneity through 

covariate analyses; however, this could not be completed due to insufficient numbers and 

incomplete reporting of study details.  For example, statistical heterogeneity was greatest in 

CRM sensitivity estimates and did not appear to diminish when the three studies with low 

sensitivity (90,95,98) were excluded in a sensitivity analysis, suggesting that the variability could 

not be explained by these outlying points alone.  A threshold effect related to different 

definitions of CRM involvement is likely an important contributor to this heterogeneity, as wider 

cutoffs produced higher sensitivity and lower specificity estimates, while the reverse was true for 

narrower cutoffs.  The lack of complete reporting of study details is well recognized as an 

important limitation in the evaluation of diagnostic accuracy literature (124).  Our findings 

further emphasize the need for academic publications to adopt and enforce uniform and complete 
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reporting standards, such as those recommended by the Cochrane Collaboration in the Standards 

for the Reporting of Diagnostic Accuracy Studies (STARD) statement (125). 

A second limitation of this analysis is the exclusion of patients who underwent preoperative 

CRT.  Since preoperative CRT was allocated on the basis of MRI findings (using T-category and 

lymph nodes in some cases, CRM in others), excluding those patients could result in apparently 

lower sensitivity and higher specificity, as analysis could identify cases that were understaged 

(i.e. those who should have received CRT but did not) but could fail to identify most of those 

that were overstaged (i.e. those who should not have received CRT but did).  Including these 

patients would be equally problematic, however, as CRT administered following MRI might 

downstage the tumour so that final histopathology no longer represents an appropriate reference 

standard for the original MR image.  This problem applies to all meta-analyses of this topic.  To 

determine the extent to which sensitivity and specificity were influenced by the strategy for 

allocation of CRT, it would be necessary to examine individual studies for their criteria for 

administering CRT, the proportion of patients who underwent this treatment, and the results of 

histopathology in those patients.  Such analysis was not possible in our review, as much of this 

information was not available. 

A third limitation is that neither the bivariate nor HSROC models currently incorporate methods 

to account for the inclusion of multiple datasets from a single study.  In this meta-analysis, 

studies which reported multiple datasets (e.g. from multiple independent observers) were treated 

as separate datasets, but it is reasonable to assume that there is some degree of correlation 

between them due to similarities in population, technique, or interpretation.  Accounting for 

correlation in the data would help to produce more accurate estimates of variance and thus 

reduce the degree of uncertainty around mean sensitivity and specificity estimates (i.e., narrower 

confidence intervals).  This problem must be addressed in future formulations of these models. 
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Chapter 6  
Summary and future directions 

MRI is very specific for assessment of CRM involvement but is more sensitive for T-category.  

CRM and T-category are likely complementary indicators of the need for preoperative CRT and 

both should be taken into account.  Using MRI with higher field strength and reviewing images 

in consensus with a second radiologist are strategies that can increase the sensitivity and 

specificity of MRI for T-category assessment and should be considered as interventions to 

improve the diagnostic value of available MRI technology.  In contrast, lymph node assessment 

is poor on MRI and approaches to improve it should be further investigated.  

Heterogeneity remains a significant problem for meta-analyses of diagnostic accuracy studies 

and arises from differences in populations, methodology, and test parameters including 

definitions of positive cases.  In contrast to previous meta-analyses on this topic, heterogeneity 

was managed in this meta-analysis in a number of ways including 1) restrictive eligibility 

criteria, 2) use of a rigorous statistical approach which took into account heterogeneity both 

within (i.e., sampling variability) and between studies, and 3) formal quality assessment using a 

validated tool.  Definitions of essential staging elements and MRI protocols should be 

standardized to reduce heterogeneity in future studies. 

The optimal approach to preoperative staging and neoadjuvant treatment allocation in rectal 

cancer remains a matter of controversy.  A recent review criticized the practice of using MRI to 

predict CRM due to “methodological inadequacies” in diagnostic accuracy studies published to 

date on this subject (126).  These included discrepancies in definitions of CRM involvement 

between MRI and pathology and lack of blinding of surgeons and pathologists to MRI findings.  

As a next step in addressing this problem, our analysis can provide the foundation to support a 

randomized controlled trial of MRI-based preoperative staging and treatment allocation in rectal 

cancer that compares traditional TNM criteria to a combination of T-category and CRM.  Such a 

study would allow direct comparison of survival and local recurrence outcomes between the two 

approaches and would provide a definitive answer to this critical question. 
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Appendices 

Table A.1  American Joint Committee on Cancer (AJCC) TNM staging classification for rectal 

cancer 

 

Table A.1a  Criteria for T, N, and M categories 

 

Primary Tumour (T) Tx Primary tumour cannot be assessed.  

 T0 No evidence of primary tumour. 

 Tis Tis Carcinoma in situ: intraepithelial or invasion of lamina 

propria. 

 T1 Tumour invades submucosa. 

 T2 Tumour invades muscularis propria.  

 T3 Tumour invades through the muscularis propria into 

pericolorectal tissues.  

 T4a Tumour penetrates to the surface of the visceral peritoneum. 

 T4b Tumour directly invades or is adherent to other organs or 

structures. 

   

Regional Lymph Nodes 

(N) 

Nx Regional lymph nodes cannot be assessed. 

 N0 No regional lymph node metastasis. 

 N1 Metastases in 1-3 regional lymph node. 

 N2 Metastases in ≥4 regional lymph nodes. 

   

Distant Metastasis (M) M0 No distant metastasis. 

 M1 Distant metastasis. 

 

 

 

Table A.1b  Stage prognostic groups 

 

Stage T N M 

0 Tis N0 M0 

I T1-T2 N0 M0 

II T3-T4 N0 M0 

III Any T N1-N2 M0 

IV Any T Any N M1 

 

 

 

(Source:  Colon and rectum. In: Edge SB, Byrd DR, Compton CC, et al., eds.: AJCC Cancer 

Staging Manual. 7th ed. New York, NY: Springer, 2010, pp 143-64.) 
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Table A.2  Summary of randomized controlled trials in preoperative radiotherapy or 

chemoradiotherapy for rectal cancer 
 

Trial N Description Preoperative 

Staging 

Modality 

Local Recurrence 

(%) 

 

Overall Survival 

(%) 

  Pre-op 

RT 

No RT Pre-op 

RT 

No RT 

Swedish 

(NEJM 

1997) 

1168 Stage I-III 

Pre-op short course RT vs  

No Pre-op RT 

5 year follow-up 

Not described 11* 27*  58* 48* 

Dutch 

(NEJM 

2001) 

1861 Stage I-III 

Pre-op short course RT vs  

No Pre-op RT 

2 year follow-up 

Not described 2* 8* 82 82 

Dutch long 

term 

follow-up 

(Ann Surg 

2005) 

1861 Stage I-III 

Pre-op short course RT vs  

No Pre-op RT 

6 year follow-up 

Not described 5.6* 10.9* 64.2 63.5 

  Pre-op 

CRT 

Post-op 

CRT 

Pre-op 

CRT 

Post-op 

CRT 

Sauer 

(NEJM 

2004) 

823 Stage II and III 

Pre-op CRT vs Post-op CRT 

5 year follow-up 

ERUS and 

CT 

6* 13* 76 74 

  Pre-op 

RT 

Pre-op 

CRT 

Pre-op 

RT 

Pre-op 

CRT 

Bujko 

(BJS, 2006) 

 

316 T3 or resectable T4 with no 

distant metastases 

Pre-op short course RT vs  

Pre-op CRT 

4 year follow-up 

DRE, CT, 

ERUS and/or 

MRI 

9.0 14.2 67 66 

Gerard 

(JCO 2006) 

762 

 

T3 or resectable T4 with no 

distant metastases 

Pre-op long course RT vs  

Pre-op CRT 

5 year follow-up 

ERUS and 

CT 

16.5* 8.1* 67.9 67.4 

Bosset 

(NEJM 

2006) 

1011 T3 or resectable T4 with no 

distant metastases 

Four treatment arms: 

1) Pre-op long course RT 

2) Pre-op CRT 

3) Pre-op long course RT 

plus postop CTX 

4) Pre-op CRT plus 

postop CTX 

5 year follow-up 

DRE, CT +/- 

ERUS 

17.1* 

(9.6 

with 

postop 

CTX) 

8.7* 

(7.6 

with 

postop 

CTX) 

65.8  64.8 

Pre-op = preoperative; post-op = postoperative 

CRT = chemoradiation therapy; CTX = chemotherapy; RT = radiation therapy 

CT = computed tomography; DRE = digital rectal examination; ERUS = endorectal ultrasound; 

MRI = magnetic resonance imaging 

* denotes p<0.05 
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Table A.3  Summary of previous meta-analyses of diagnostic accuracy of MRI for staging rectal cancer 
 

Meta-

analysis  

Databases 

searched 

Studies Modalities Pre-

operative 

RT or CRT 

included? 

Statistical 

analysis 

Staging 

elements 

Results Summary Limitations 

Kwok 

(2000)  

Medline 83 studies 

(1981-

1998) 

MRI, 

ERUS, CT 

 

Yes Descriptive 

(Simple 

pooled) 

T-

category 

MRI 

Sens 86%, Spec 77% 

 

ERUS 

Sens 93%,Spec 78% 

 

CT 

Sens 78%, Spec 63% 

MRI with 

endorectal 

coil most 

accurate 

for both 

T-

category 

and nodes  

1)  Older studies, 

included outdated 

technology 

2) Analysis 

descriptive, did not 

account for 

heterogeneity 

3) No formal study 

quality assessment 

4) Did not examine 

CRM 

Nodes MRI 

Sens 65%, Spec 80% 

 

ERUS 

Sens 71%, Spec 76% 

 

CT 

Sens 52%, Spec 78% 

Bipat 

(2004)  

Medline, 

EMBASE, 

Cochrane, 

CANCERLIT 

90 studies 

(1985-

2002) 

MRI, 

ERUS, CT  

No Bivariate 

random 

effects 

T-

category 

MRI 

Sens 82% (74-87), 

Spec 76% (65-84) 

 

ERUS 

Sens 90% (88-92), 

Spec 75% (69-81) 

 

CT 

Sens 79% (74-84), 

Spec 78% (73-83) 

MRI less 

accurate 

than 

ERUS for 

T-

category, 

equivalent 

for nodes  

1) Older studies, 

included outdated 

technology 

2) Did not examine 

CRM  

3) No formal study 

quality assessment  
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Table A.3  (continued) 

 

Meta-

analysis 

Databases 

searched 

Studies Modalities Pre-

operative 

RT or 

CRT 

included? 

Statistical 

analysis 

Staging 

elements 

Results Summary Limitations 

      Nodes MRI 

Sens 66% (54-76) 

Spec 76% (59-87) 

 

ERUS 

Sens 67% (60-73), 

Spec 78% (71-84) 

 

CT 

Sens 74% (67-80), 

Spec 55% (43-67) 

  

Lahaye 

(2005)  

Medline 82 studies 

(1985-

2005) 

MRI,  

ERUS, CT 

 

Yes Moses-

Littenberg 

fixed effects 

model 

CRM MRI 

Sens 80%, Spec 80% 

MRI best 

modality 

for 

predicting 

CRM 

status; all 

modalities 

equivalent 

for nodes  

1) Statistical analysis  

inadequate to 

account for 

heterogeneity 

2) No separate 

analysis by coil 

type or 

radiotherapy status 

3) No formal study 

quality assessment 

Nodes MRI 

DOR 6.53 

 

ERUS 

DOR 8.83 

 

CT 

5.86 
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Table A.3  (continued) 

 

Meta-

analysis 

Databases 

searched 

Studies Modalities Pre-

operative 

RT or 

CRT 

included? 

Statistical 

analysis 

Staging 

elements 

Results Summary Limitations 

Purkayastha 

(2007)  

Medline, 

EMBASE, 

Cochrane, Ovid 

9 studies 

(2001-

2005) 

MRI 

 

Yes Fixed 

effects, 

pooled 

CRM MRI 

Sens 94% (90-97), 

Spec 85% (81-89) 

 

DOR 57.21 (18.21-

179.77) 

MRI  has 

good 

accuracy 

for CRM 

1) Statistical analysis  

inadequate to 

account for 

heterogeneity 

2) No separate 

analysis by 

radiotherapy status 

 

CT = computed tomography; ERUS = endorectal ultrasound; MRI = magnetic resonance imaging 

CI = confidence interval; DOR = diagnostic odds ratio; Sens = sensitivity; Spec = specificity 

CRT = chemoradiotherapy; RT = radiotherapy
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Table A.4  Quality Assessment of Diagnostic Accuracy Studies (QUADAS) tool 

Item  Yes No Unclear 

1. Was the spectrum of patients representative of the patients who will receive the 

test in practice? 

(  ) (  ) (  ) 

2. Were selection criteria clearly described? (  ) (  ) (  ) 

3. Is the reference standard likely to correctly classify the target condition? (  ) (  ) (  ) 

4. Is the time period between reference standard and index test short enough to be 

reasonably sure that the target condition did not change between the two tests? 

(  ) (  ) (  ) 

5. Did the whole sample or a random selection of the sample, receive verification 

using a reference standard of diagnosis? 

(  ) (  ) (  ) 

6. Did patients receive the same reference standard regardless of the index test 

result? 

(  ) (  ) (  ) 

7. Was the reference standard independent of the index test (i.e. the index test did 

not form part of the reference standard)? 

(  ) (  ) (  ) 

8. Was the execution of the index test described in sufficient detail to permit 

replication of the test? 

(  ) (  ) (  ) 

9. Was the execution of the reference standard described in sufficient detail to permit 

its replication? 

(  ) (  ) (  ) 

10. Were the index test results interpreted without knowledge of the results of the 

reference standard? 

(  ) (  ) (  ) 

11. Were the reference standard results interpreted without knowledge of the results 

of the index test? 

(  ) (  ) (  ) 

12. Were the same clinical data available when test results were interpreted as would 

be available when the test is used in practice? 

(  ) (  ) (  ) 

13. Were uninterpretable/ intermediate test results reported? (  ) (  ) (  ) 

14. Were withdrawals from the study explained? (  ) (  ) (  ) 
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Table A.5 Modified QUADAS tool with quality assessment criteria 
 

 Item Criteria for fulfilling item 

1 Was the spectrum of patients representative of the 

patients who will receive the test in practice?  

Tumours from all levels of rectum (upper, mid, low) 

Each of T2 and T3 tumours must make up at least 

25% of the sample
1 

2 Is the reference standard likely to classify the target 

condition correctly?  

Reference standard is complete histopathology 

3 Is the time period between reference standard and 

index test short enough to be reasonably sure that the 

target condition did not change between the two 

tests?  

Time period <8 weeks between MRI and surgery (<2 

weeks if patient received preoperative short-course 

radiotherapy after MRI acquisition) 

4 Did the whole sample or a random selection of the 

sample, receive verification using the intended 

reference standard?  

Complete histopathology must be available for all 

patients 

5 Did patients receive the same reference standard 

irrespective of the index test result?  

Complete histopathology must be available for all 

patients 

6 Was the reference standard independent of the index 

test? 

All studies fulfill this item (histopathology is 

independent of MRI) 

7 Were the reference standard results interpreted 

without knowledge of the results of the index test?  

Explicit statement that pathologist assessed 

specimens without knowledge of MRI findings 

8 Were the index test results interpreted without 

knowledge of the results of the reference standard? 

Radiologist(s) assessed images without knowledge of 

histopathology findings; this item was automatically 

fulfilled for all prospective studies (as the MRI must 

have been reviewed before histopathology results 

were available) but required an explicit statement to 

be considered fulfilled by retrospective studies 

9 Were the same clinical data available when test 

results were interpreted as would be available when 

the test is used in practice?  

Radiologist(s) was/were aware of the purpose of the 

MRI (rectal cancer staging) but was/were otherwise 

blinded to other clinical data 

10 Were uninterpretable/intermediate test results 

reported?  

All patients accounted for 

11 Were withdrawals from the study explained? Withdrawals from the study were explained 

12 Did the execution of the index test meet currently 

accepted standards? 

T2 weighted, high resolution axial images performed 

perpendicular to long axis of tumour-bearing rectum 

13 Did the execution of the reference standard meet 

currently accepted standards? 

Multi-slice "Quirke" method used to assess 

histopathology specimen 

 

 
1
Rationale:  sufficient proportions of T2 and T3 tumours must be present to represent their true 

prevalence and adequately test observors’ ability to distinguish between them 
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Figure A.1 Medline Search Strategy 

 

 MRI & Related Terms Component 

1 exp magnetic resonance imaging/ 

2 nmr imaging.mp. 

3 zeugmatograph*.mp. 

4 mr tomograph*.mp. 

5 nmr tomograph*.mp. 

6 proton spin* tomograph*.mp. 

7 magneti#ation transfer contrast imag*.mp. 

8 (mri adj2 scan*).mp. 

9 chemical shift* imag*.mp. 

10 (magnetic resonance adj2 imag*).mp. 

11 (MR adj2 imag*).mp. 

12 (NMR adj2 imag*).mp. 

13 (diffusion weighted adj2 imag*).mp. 

14 (T1-weighted adj2 imag*).mp. 

15 (T2-weighted adj2 imag*).mp. 

16 mri.mp. 

17 dwi.mp. 

18 dwi.tw. 

19 magnetic resonance spectroscop*.mp. 

20 MRS.tw. 

21 (dynamic contrast-enhanc* adj2 (imag* or MR or MRI)).mp. 

22 "3.0 tesla".mp. 

23 rectal coil*.mp. 

24 (endorectal adj2 coil*).mp. 

25 (endo-rectal adj2 coil*).mp. 

26 gadolidium.mp. 

27 gadolinium.mp. 

28 or/1-27 

  

  

 Rectal Cancer & Related Terms Component 

29 exp rectal neoplasms/ 

30 (Adenocarcinom: adj3 (rect: or mesorectal* or endorectal* or extramesorectal* or rectosigmoid*)).mp. 

31 (Cancer: adj3 (rect: or mesorectal* or endorectal* or extramesorectal* or rectosigmoid*)).mp. 
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32 (Carcin: adj3 (rect: or mesorectal* or endorectal* or extramesorectal* or rectosigmoid*)).mp. 

33 (Neoplas: adj3 (rect: or mesorectal* or endorectal* or extramesorectal* or rectosigmoid*)).mp. 

34 (Tumor: adj3 (rect: or mesorectal* or endorectal* or extramesorectal* or rectosigmoid*)).mp. 

35 (Tumour: adj3 (rect: or mesorectal* or endorectal* or extramesorectal* or rectosigmoid*)).mp. 

36 (Adenom: adj3 (rect: or mesorectal* or endorectal* or extramesorectal* or rectosigmoid*)).mp. 

37 (Malignan: adj3 (rect: or mesorectal* or endorectal* or extramesorectal* or rectosigmoid*)).mp. 

38 or/29-37 

  

 Cancer Staging & Related Terms Component 

39 Neoplasm Staging/ 

40 (stage or stages or staged or staging).mp. 

41 (restage or re-stage or restages or re-stages or restaged or re-staged or restaging or re-staging).mp. 

42 (duke or dukes).mp. 

43 ajcc.mp. 

44 tumo?r-node?-metastasis.mp. 

45 tnm.mp. 

46 circumferential resection margin?.mp. 

47 mesorectal fascia.mp. 

48 meso-rectal fascia.mp. 

49 radial resection margin?.mp. 

50 resection margin?.mp. 

51 or/39-50 

52 28 and 38 and 51   MRI + Rectal Cancer + Cancer Staging  

  

 HIRU (McMaster) “Diagnosis” search filter 

53 evaluation studies.pt. 

54 (evaluation adj1 (study or studies)).mp. 

55 validation studies.pt. 

56 (validation adj1 (study or studies)).mp. 

57 exp "sensitivity and specificity"/ 

58 exp diagnostic errors/ 

59 likelihood functions/ 

60 (likelihood: or likelihood ratio:).mp. 

61 or/53-60 

 Radiology “Diagnosis” search filter 

62 exp "sensitivity and specificity"/ 

63 False positive reactions/ 

64 False negative reactions/ 
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65 di.fs. 

66 sensitivity.tw. 

67 (predictive adj4 value*).tw. 

68 distinguish*.tw. 

69 differentiat*.tw. 

70 enhancement.tw. 

71 identif*.tw. 

72 detect*.tw. 

73 diagnos*.tw. 

74 accura*.tw. 

75 comparison.tw. 

76 or/62-75 

77 76 or 61   HIRU or Radiology search filters 

  

78 52 and 77   (MRI + Rectal CA + Cancer Staging) + (HIRU or Radiology search filters)  

  

 Limits applied: 

79 limit 78 to yr="2000 -Current" 

80 limit 79 to english language 

81 remove duplicates from 80   final result  

 


