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ABSTRACT

Introduction: In measuring tumor height for rectal cancer, rigid sigmoidoscopy (RS) is a standard mo-
dality, and the accuracy of magnetic resonance imaging(MRI) in patients with/without preoperative
chemoradiotherapy (CRT) has not been fully investigated. The aim of this study was to investigate the
accuracy of MRI for measuring tumor height.
Materials and methods: Among rectal cancer patients seen between July 2006 and May 2012, the initial
group (RS and MRI available at initial diagnosis) and the post-CRT group (RS and MRI available after the
completion of preoperative CRT) were selected. Intra-class correlation coefficient (ICC) comparison tests
were performed between RS and MRI results for each group.
Results: Ninety-nine and 29 patients were allocated into the initial group and the post-CRT group,
respectively. The tumor heights measured by RS and MRI demonstrated a positive relationship in the
scatter plot (linear regression; R? = 0.898; p < 0.001 in the initial group, R? = 0.696; p < 0.001 in the post-
CRT group). With respect to difference of absolute value (DAV) between RS and MRI, the overall mean
and standard deviation of DAV were 10.9 + 10 mm in the initial group and 8 + 6 mm in the post-CRT
group. ICC comparison analysis revealed that inter-rater agreement of RS and MRI in the initial group
was significantly better than that of the post-CRT group [ICC (95% CI) 0.946 (0.919—0.963) vs. 0.823
(0.621-0.917); p=0.004)].
Conclusions: MRI can be used as a viable option to measure tumor height in rectal cancer even in patients
who have undergone preoperative CRT.

© 2018 Elsevier Ltd, BASO ~ The Association for Cancer Surgery, and the European Society of Surgical

Oncology. All rights reserved.

Introduction

rectal cancer, there is some controversy on applying it for upper
rectal cancer due to its technical and anatomical similarity with

In the management of rectal cancer, the incidence of preoper-
ative chemoradiotherapy (preop-CRT) is increasing because it can
facilitate successful oncological excision and sphincter-preserving
resection. According to the current guidelines, preop-CRT is rec-
ommended for patients who were diagnosed as clinically T3/4 or
node-positive regardless of tumor height and location [1]. Although
preop-CRT is regarded as a standard treatment for locally advanced
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colon cancer [2].

Tumor height measurements are clinically important in treat-
ment perspectives. Surgical plan and preparations can differ ac-
cording to preoperatively measured tumor height or tumor
characteristics. From a surgeon's perspective, in the case of local
excision, tumor height might be one of the most important factors
to select the proper surgical approach among transanal excision,
transanal endoscopic operation, transanal endoscopic microsur-
gery, and laparoscopic approaches.

Measuring the distance from the anal verge to a rectal tumor by
rigid sigmoidoscopy (RS) has been regarded as a standard modality
so far. Although colonoscopy is the gold standard detection tool for
colorectal cancer, its ability to provide precise tumor localization,
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especially for differentiating rectosigmoid colon cancer and rectal
cancer is questionable [3]. In addition, one study reported that
tumor distance measured by RS and colonoscopy differ and resul-
ted in 25% of patients changing treatment plan by adding a RS [4].

Digital rectal examination, RS, transanal ultrasound, and pelvic
magnetic resonance imaging (MRI) are frequently used tools to
evaluate tumor height and accurate preoperative staging. It is well
known that MRI is accurate, feasible, reproducible, and a valid
standard for preoperative rectal cancer staging [5]. For this reason,
pelvic MRI has been increasingly applied to evaluate rectal cancer
patients. However, with respect to measuring tumor height from
the anal verge, there have been no standard methods suggested to
define tumor height using MRI [6—8]. Thus, it is uncertain whether
pelvic MRI can substitute for RS in measuring tumor height for
rectal cancer [6]. Furthermore, the usefulness of pelvic MRI in
measuring tumor height has not been investigated for patients who
underwent preop-CRT.

The purpose of this study was to determine whether the tumor
height measured by pelvic MRI is as accurate as that evaluated by
rigid sigmoidoscopy in rectal cancer patients with or without
preop-CRT.

Materials and methods
Patient selection

All clinical and pathological data of patients diagnosed with
rectal cancer in our hospital from July 2006 to May 2012 were
obtained from our prospectively maintained database. Among 116
patients, 63 patients did not receive a preop-CRT and 53 patients
underwent a preop-CRT. Although preop-CRT was initially recom-
mended for patients with clinical stage II or III, the performance of
preop-CRT was decided according to the surgeon's discretion or the
patient's desire for sphincter preservation.

Fifty-nine patients with no preop-CRT group and 40 patients
with the preop-CRT group were available for analysis of initial tu-
mor staging because these patients underwent both RS and MRI at
the initial diagnosis (initial group, n = 99). Among 53 patients who
underwent preop-CRT, only 29 underwent both RS and pelvic MRI
after completion of preop-CRT, and these patients constituted a
post-CRT group (n = 29). Patients whose MRI detected no residual
tumor after preop-CRT were excluded in our analysis because we
cannot measure the tumor height. For the post-CRT group, all RS
and pelvic MRI were measured 4—6 weeks after the completion of
preop-CRT. (Fig. 1). This study was approved by the institutional
review board of our hospital.

( Rectal cancer (n = 116) )

[ NO preoperative CRT (n=63) ] ([ Preoperative CRT (n=53) ]

Initial MRI and RS Invalld data ] [MRIand RS Invalid data
staglng (n=59) (n= 4) (n 40) (n=13)

Post CRT MRI and RS
staging (n= 20)

Included in Initial group Included in post-CRT group
(n=99) (n=29)

Invalld data || MRI and RS |[ Invalid data
(n 20) (n=9) (n=4)

Fig. 1. Inclusion criteria.
Abbreviations: CRT: Chemoradiotherapy; MRI: Magnetic Resonance Imaging; RS:
Rectosigmoidoscopy.

Tumor height measured by rigid sigmoidoscopy

Tumor height measured by RS was defined as the shortest dis-
tance from the anal verge to the lower border of the tumor depicted
by the examiner. RS is usually performed in an outpatient setting in
conjunction with a digital rectal examination, while the patients
were placed in left lateral decubitus position. All RS measurements
in our study were performed by three surgeons specialized in
colorectal surgeries.

MRI protocol and tumor height measured by pelvic MRI

The MRI protocol was described in the previous study [9]. There
was no difference of MRI protocols both concerning the staging and
the restaging before surgery. Used imaging sequence were
described as: T1-weighted turbo spin-echo MRI (repetition time
[TR]/echo time[TE], 530/10 ms; matrix size, 448 x 358; slice thick-
ness, 3mm; intersection gap, 0.3mm; and field of view,
20 x 20 cm) in the axial plane, and T2-weighted turbo spin-echo
MRI (TR/TE, 3400/100 ms; matrix size, 512x180; slice thickness,
3 mm; intersection gap, 0.3 mm; and field of view, 20 x 20 cm) in
all planes including axial, coronal, and sagittal. All diffusion-
weighted image (DWI) studies were generated using an echo-
planar sequence at three b values, 0, 500, and 1000 s/mm [2]. A
1.5-T scanner (MageneAvanto; Siemens Medical System, Erlangen,
Germany) and a 3-T scanner (Achieva; Philips, Eindhoven,
Netherlands) were used to obtain the images in pelvic MRI. DWI
was used since 2008 in our hospital.

The tumor height measured by pelvic MRI was the shortest
distance from the anal verge to the lower margin of the tumor on
the imaginary longitudinal midline of the rectum in the sagittal
plane (Fig. 2). As described previously, on a sagittal MR image, the
distal limit is generally considered to be at the anal verge [10]. Two
gastrointestinal radiologists who had 15 years and 5 years of
experience in the MR imaging of the rectum independently
measured the length of the rectum in the MR imaging. The mea-
surement data by more experienced radiologist were used for
further comparison to RS measurement. A less experienced radi-
ologist performed control measurements in order to assess inter-
observer variability.

Difference of absolute value (DAV)

In our study, we defined the difference of absolute value (DAV)
as the absolute value between the tumor height measured by RS
and that measured by MRI. According to our data, DAV showed
normal gaussian distribution with mean and standard deviation as

Fig. 2. Tumor height measurements. Tumor height in MRI was measured from anal
verge to the lower margin of the tumor at the initial MRI (left) and after completion of
preoperative chemoradiotherapy (right) in same patient.
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10.9 + 8.5 mm in the initial group. We assumed 75th percentile to
be a significant DAV which was more than 15 mm. Thus, we defined
a significant DAV as more than 15 mm.

Statistical analysis

All independent clinical and pathological variables were
analyzed with Pearson's Chi square test, Fisher's exact test, or
Students t-test depending on the distribution of the variables. The
correlation between RS and pelvic MRI was analyzed by correlation
analysis, linear regression analysis and scatter plots. Inter-rater
agreement between RS and pelvic MRI was assessed with intra-
class correlation coefficient (ICC) and Bland-Altman plots. The ICC
ranges from O to 1, with 0 indicating no agreement and 1 indicating
perfect agreement. For the Bland-Altman plot, the mean difference
of zero indicates perfect agreement, while the 95% limit of agree-
ment is the intervals within which 95% of the data line.

Inter-observer agreement analyses were performed using
dedicated statistical software. The kappa statistics was used to
assess inter-observer agreement with respect to scoring and was
interpreted according to the guidelines of Landis and Koch [11]. We
used the following definition to interpret the kappa coefficients: a
kappa (k) value of equal to or less than 0.20 indicated insignificant
agreement; values from 0.21 to 0.40, median agreement;
0.41-0.60, moderate agreement; 0.61—0.80, substantial agree-
ment; and 0.81—1.00, almost perfect agreement.

All independent variables were analyzed using IBM SPSS version
23.0 (SPSS Inc., Chicago, IL, USA) and Medcalc version 18.2.1
(MedCalc Software, Ostend, Belgium). A P value less than 0.05 was
considered statistically significant.

Results

Ninety-nine patients and 29 patients were allocated into the
initial group and the post-CRT group respectively. The character-
istics of patients in each group are shown in Table 1. The majority of
patients in the initial group were male, aged less than 70 years,
body mass index (BMI) under 25 kg/m? and mid rectal tumor. In the
post-CRT group, the majority of patients were aged less than 70

Table 1
Patient baseline characteristics according to group.

years, BMI under 25 kg/m?, and low rectal tumor. The median time
from initial staging MRI to surgery was 14 days (range, 2—62 days)
in the no preoperative CRT group and 110 days (range, 78—178
days) in the preoperative CRT group. The median time from post
CRT staging MRI to surgery was 11 days (range, 3—47 days) in the
post-CRT group (Table 1).

Using paired t-test, there was no significant difference in the
tumor height measured by RS and by MRI [RS (mean + SD);
64 +29 mm and MRI (mean + SD); 64 +31 mm, t(98)=— 0.543,
p = 0.588] in the initial group. In addition, there was no significant
difference in the tumor height measured by RS and by MRI [RS
(mean+SD); 46+13mm and MRI (mean+SD); 47+ 13 mm;
t(28)=— 0.188, p = 0.852] in the post-CRT group.

In the initial group, the scatter plot represents the positive
relationship between the tumor height distance measured by RS
and the distance measured by MRI (linear regression; R* = 0.745;
standardized regression coefficient = 0.862, p < 0.001). With regard
to the post-CRT group, the tumor height measured by RS and MRI
also exhibits a positive relationship in the scatter plot (linear
regression; R% = 0.376; standardized regression coefficient = 0.613,
p <0.001) (Fig. 3).

With respect to DAV between RS and MR, the overall mean and
standard deviation of DAV were 10.9 + 10 mm in the initial group
and 8 + 6 mm in the post-CRT group. In the initial group, in uni-
variate analysis, mean DAV did not show any statistically significant
difference according to gender, age, BMI, tumor size, tumor loca-
tion, or operation method. DAV was significantly higher in T3 and
T4 group compared with (y)pCR, T1, and T2 group (12.7 + 9.4 mm
vs. 9.1 + 71 mm, p =0.037). In the post-CRT group, there was no
difference in mean DAV according to gender, age, tumor size, tumor
location, or T stage (Table 2).

Significant DAV was not associated with gender, age, BMI, tumor
size, tumor location, or depth of invasion in either the initial group
or the post-CRT group (Table 3).

ICC comparison analysis revealed that the inter-rater agreement
of RS and MRI in the initial group was significantly better than that
of the post-CRT group [ICC (95% CI), 0.946 (0.919—0.963) in the
initial group vs. 0.823 (0.621—0.917) in the post-CRT group;
p =0.004)] (Fig. 4)(see Table 4).

Initial group (N =99) N (%) Post-CRT group (N =29) N (%)

Gender Male

Female
Age (years) <70

>70
BMI (kg/m?) <25

>25
Tumor size (cm) <4

>4

No data
Tumor location® Low

Mid

Upper
Operation” LAR
APR
Transanal excision
(y)pCR, T1, T2
T3, T4

(y)pT*
Days from initial staging MRI to surgery

Days from post CRT staging MRI to surgery

No preoperative CRT group, median (range)
Preoperative CRT group, median (range)

62 (62.6) 16 (55.2)
37 (37.4) 13 (44.8)
75 (75.8) 26 (89.7)
24 (24.2) 3(10.3)
72 (72.7) 27 (93.1)
27 (27.3) 2(6.9)
54 (54.5) 20 (69)
34 (34.3) 5(17.2)
11 (11.1) 4(13.8)
42 (42.4) 18 (62.1)
47 (47.5) 11 (37.9)
10 (10.1) 0
89 (89.9) 28 (96.6)
1(1) 1(34)
9(9.1) 0
50 (50.5) 14 (48.3)
49 (49.5) 15 (51.7)
14 (2-62)
110 (78—178)

11 (3-47)

Abbreviations; CRT: chemoradiotherapy; BMI: Body Mass Index.

2 Defined by the distance from anal verge using rigid sigmoidoscopy, Low — less than or equal to 5 cm, Mid — greater than 5 cm to less than or equal to 10 cm, Upper —

greater than 10 cm to less than or equal to 15 cm.
b LAR - Low anterior resection; APR - Abdominoperineal resection.

¢ y prefix indicates those cases in which classification is performed during or following multimodality therapy.
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Fig. 3. Correlation between rigid sigmoidoscopy and pelvic MRI. A. The scatter plot
represents the positive relationship between distance measured by rigid sigmoidos-
copy and distance measured by pelvic MRI (Initial group) (linear regression;
R2 =0.745; standardized regression coefficient = 0.862, p <0.001). B. The scatterplot
represents the positive relationship between distance measured by rigid sigmoidos-
copy and distance measured in pelvic MRI after preoperative chemoradiotherapy
(post-CRT group) (linear regression; R2=0.376; standardized regression coeffi-
cient =0.613, p <0.001).

Table 2

Inter-observer agreement of tumor height measurements

Overall, there was good agreement [k = 0.653, Confidence In-
terval (CI): 0.525—0.779] between the two gastrointestinal radiol-
ogists. In detail, cases of initial group [k = 0.727, C1:0.576—0.878]
showed good agreement. Cases of post-CRT group showed mod-
erate agreement [k = 0.447. Cl: 0.196—0.697].

Discussion

Our study demonstrated that the difference in tumor height
measured by pelvic MRI and RS was not significant, and that pelvic
MRI could be a viable option to measure tumor height for rectal
cancer even in patients who have undergone preoperative
chemoradiotherapy.

In the management of rectal cancer, surgery remains one of the
most important treatment modalities. Tumor height, defined as the
distance from the anal verge to the lower edge of the tumor, is one
of the most important variables used to determine surgical
methods. Until now, rigid sigmoidoscopy has been regarded as the
gold standard to measure the tumor height in rectal cancer
patients.

RS is easy to perform even in out-patient clinic. The complica-
tion rate of RS is very low. Also, it is still warranted for obtaining
tumor tissue or for identifying the tumor circumstances more
accurately than an MRI would permit. The economic benefit of RS is
another merit in comparison to MRI. Even with these substantial
advantages, we cannot omit some weaknesses. Patients experience
moderate to severe discomfort from the preparation, the posi-
tioning, and the insertion during RS. Practically, RS is contra-
indicated for tumor with stenosis. The relationship between the
tumor and peritoneal reflection could affect decisions regarding
performance of preop-CRT or surgical treatment. Some guideline
suggested to add tumor location in relation to peritoneal reflection
such as below (mesorectal fascia invasion) or above in structured
MRI reporting form [12]. It is very difficult to accurately detect
peritoneal reflection by RS, which seems to be one possible reason
of decreasing use of RS [13].

Pelvic MRI has been used widely in the management of rectal

Difference of absolute value between rigid sigmoidoscopy and pelvic MRI according to variables.

Initial group (N =99)

Post-CRT group (N = 29)

difference of absolute value (mm) (Mean + SD) P difference of absolute value (mm) (Mean + SD) P

Gender Male 11.1+92 0.681 6.8+5.7 0318
Female 104+7.2 9.5+8.5

Age (years) <70 106 +8.2 0.549 75+6.5 0.244
>70 11.8+94 12.6 £12.5

BMI (kg/m?) <25 11.3+8.7 0432 867 <0.001
>25 9.8+7.8 0

Tumor size (cm) <4 106 +8.4 0.209¢ 9+78 0.420¢
>4 12594 7.6+5.1
No data 73+44 3.7+4.7

Tumor location® Low 89+10 0.134¢ 6.8 +6.7 0.279
Mid 12.5+9.6 99+78
Upper 11.5+9.1 N/A

Operation” LAR 11.4+86 0.181¢ 6.5+1.2 0.013
APR 2+0 25+0
Transanal excision 6.8+5.5 N/A

(y)pT* (y)pCR, T1, T2 9.1+7.1 0.037 75+84 0.706
T3, T4 12.7+94 85+6.0

Abbreviations; CRT: chemoradiotherapy; BMI: Body Mass Index.

2 Defined by the distance from anal verge using rigid sigmoidoscopy, Low — less than or equal to 5 cm, Mid — greater than 5 cm to less than or equal to 10 cm, Upper —

greater than 10 cm to less than or equal to 15 cm.
b LAR - Low anterior resection; APR - Abdominoperineal resection.

¢ y prefix indicates those cases in which classification is performed during or following multimodality therapy.

4 One-way ANOVA.
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Table 3

Univariate analysis of factors associated with significant absolute difference value between rigid sigmoidoscopy and pelvic MRI.

Initial group (N =99)

Post-CRT group (N =29)

Significant DAV N (%) P Significant DAV N (%) P

Gender Male 22 (35.5) 0.506 2 (12.5) 0.632"
Female 10 (27) 3(23.1)

Age (years) <70 23 (30.7) 0.618 4(15.4) 0.446"
>70 9 (27.5) 1(33.3)

BMI (kg/m?) <25 26 (36.1) 0.232 5(18.5) 1.0°
>25 6(22.2) 0

Tumor size (cm) <4 20 (37) 0.223 5(25) 0.441"
>4 11 (324) 0
No data 1(9.1) 0

Tumor location” Low 10 (23.8) 0.134 2(11.1) 0.339"
Mid and Upper 22 (38.6) 3(27.3)

Operation’ LAR 30 (33.7) 0.806" 4(14.3) 0.172"
APR 0 1(100)
Transanal excision 2(22.2)

(y)pT* (y)pCR, T1, T2 14 (28) 0.395 3(214) 0.651
T3, T4 18 (36.7) 2(13.3)

*: Fisher's exact test.

Significant difference of absolute value (DAV) was defined as DAV value more than 15.

cancer due to various advantages. MRl is a feasible and reproducible
equivalent to histopathologic results regarding the preoperative
prediction of tumor spread [5]. MRI is most reliable technique to
help determine circumferential resection margin involvement,
presence of extensive extramural vascular invasion, and relation-
ship with surrounding organ, which could predict surgical diffi-
culties or long-term outcomes for rectal cancer [14,15]. MRI limits
the overutilization of preop-CRT in patients with low-risk disease
to avoid the radiation induced morbidity and cost of preop-CRT
[16]. Despite these benefits of MRI, replacing RS with pelvic MRI
to measure tumor height is still controversial.

There are several ways to measure tumor height in rectal cancer.
Digital rectal exam (DRE) is easy to perform and provides tumor
fixity and the exact intraluminal location of tumor. However, it is a
subjective measure and cannot assess most upper rectal cancers;
hence, the information obtained via DRE, compared with other
modalities, is limited. Furthermore, it can miss early rectal cancers.
Flexible colonoscopy is one of the most frequently used tools in
diagnosing and treating colorectal cancers. Flexible colonoscopy
gives more information, including the overall shape, size, and
intraluminal status of tumor or polyp. In this point, practitioners
prefer flexible colonoscopy than RS [13]. However, measuring tu-
mor height by flexible colonoscopy could be inaccurate as it is
subjective, and not easily reproducible, depending on how much of
the rectum is redundant. Recently Jacobs and colleagues,
comparing flexible colonoscopy and MRI, demonstrated that there
were severe discrepancies between the two modalities. They rec-
ommended MR], instead of a flexible colonoscopy, to define tumor
height due to MRI's high inter-observer or intra-observer correla-
tions [13]. There have been several studies comparing RS and MRI
[6—8,17]. Among them, three retrospective studies concluded that
MRI cannot substitute RS [6,7,17]. However, there might be some
limitations in Meylemans and colleagues study, because they
compared CT and MRI images (not solely MRI images) with RS and
included patient number was relatively low [17]. With regard to
those two other studies [6,7], it should be noted that the definition
of tumor height by MRI differed between the two studies. Baatrup
and colleagues measured tumor height from puborectalis [6], while
Keller and colleagues measured it from anal verge [7]. According to
the Keller and colleagues study, whether the measurement starts in
the anal verge or anorectal junction might be one of the most
important reason of difference among MRI defined tumor heights
[14]. Although recent consensus guideline recommended anorectal

ring as the starting point in MRI measurement [12], RS
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Fig. 4. Bland-Altman plot demonstrating the differences between the rigid sigmoid-
oscopy and pelvic MRI of the initial group (A) and post-CRT group (B). Differences are
plotted against the mean of two measures. The solid line indicated the mean of the
difference; the dotted lines do the upper and lower 95% limits of agreement. ICC
comparison analysis revealed that inter-rater agreement of RS and MRI in initial group
was significantly better than that of post-CRT group [ICC (95% CI) 0.946(0.919—0.963)
vs. 0.823 (0.621-0.917); p = 0.004)].



Table 4

Published data on comparison between the modalities in measuring tumor height of rectal cancer.

Conclusions

Major findings

MRI definition of tumor

height

No.

Comparison

Nation

Year

Study

MRI is recommended to define

measuring tumor height: MRI #

colonoscopy

anorectal junction to lower

MRI vs. colonoscopy 211
margin

Netherlands

2018

Jacobs et al. [13]

tumor height than colonoscopy.

Radiology based tumor height is

reproducible.

measuring tumor height: MRI = RS

anal verge to lower margin

Belgium CT/MRI vs. Colonoscopy/RS/ERUS 66

2014

Meylemans et al. [17]

Standardized method in measuring
MRI tumor height is warranted.

measuring tumor height: MRI = RS

anal verge to lower margin

50

MRI vs. RS

USA, Norway

2014

Keller et al. [7]

MRI and RS are not interchangeable.

measuring tumor height: MRI = RS

puborectalis muscle to
lower margin

144

MRI vs. RS

Norway

2009

Baatrup et al. [6]

MRI could substitute RS.

1)determining the intra- and

anal verge to lower margin

66

MRI vs. RS

Italy

2014

Paparo et al. [18]

extraperitoneal location of rectal

cancer: similar between MRI and RS
2)measuring tumor height: similar

MRI and RS

E. Chung et al. / European Journal of Surgical Oncology 45 (2019) 324—330 329

RS should be performed on all

RS changed treatment modality

N/A

53

RS vs. Colonoscopy

USA

2008

Schoellhammer

patients for accurate localization of
a cancer thought to be in the
rectosigmoid or rectum.

initially planned by colonoscopy in

25% of patients.

et al. [4]

MRI could substitute RS.

measuring tumor height: similar

MRI and RS

anal verge to lower margin

99 (Initial)

MRI vs. RS

Korea

This study

MRI could substitute RS.

measuring tumor height: similar

MRI and RS

anal verge to lower margin

29 (After

preop-CRT)

N/A: Not available.

measurement usually started from the anal verge, not anorectal
ring. Thus, we believe that this point should be discussed between
surgeons and radiologists. In contrast, Paparo and colleagues re-
ported that MRI measured tumor height correlated well with that
obtained by RS [18]. This result is in par with our results. In addi-
tion, one of the most unique finding of our study might be the
accuracy of MRI persisted even in patients who underwent preop-
CRT.

Van der Paardt MP and colleagues reported diagnostic accuracy
of restaging with MRI after preop-CRT showed poor mean sensi-
tivity and negative likelihood ratios. They explained differentiating
fibrosis from residual tumor and accurate nodal staging were some
of the challenges. In addition, they demonstrated that adding
diffusion weighted image or evaluation by experienced observers
could give better results [19]. We hypothesized in our study that
preop-CRT might hamper accurate measurement of tumor distance
in MRI because fibrosis and peritumoral infiltration caused by
preop-CRT contributed to overestimation of staging or confusion in
tumor location especially in MRI evaluation [20,21], of which sub-
ject was not studied yet as far as we know. One of the interesting
findings in our study was that the inter-rater agreement of RS and
MRI in the initial group was significantly better than that of the
post-CRT group. From a statistical standpoint, this difference orig-
inated from the relatively small number of patients in the post-CRT
group compared to the initial group. In this study, diffusion
weighted image was applied to all patients in post-CRT group. The
high inter-rater agreement of RS and MRI in the post-CRT group,
although lower than the initial group, can be derived partially by
adding DWIL. Further studies are warranted to clarify this issue.

We are aware that our study has some limitations. The
measured tumor height using RS might be dependent on the
examiner. Although all RS measurements were performed by three
surgeons specialized in colorectal cancer surgery, these situations
could not diminish the possibility of difference between the mea-
surements. Practically, it was impossible for us to obtain mea-
surements for RS repeatedly in the same individual. In the same
sense, although tumor height in MRI were evaluated by expert
radiologist using standardized protocol, there might be inter-
observer difference. In literature, inter-observer or intra-observer
agreement of MRI for measuring rectal cancer height was known
to be very high [13,17]. In our study, inter-observer agreement was
good when measured in the initial stage. In contrast, it is not so
high when measured after preop-CRT. Although an insufficient
number of patients, especially after preop-CRT could cause some
selection bias, this might reflect the difficulties in measuring tumor
height after preop-CRT. Inter-observer agreement in MRI might be
an interesting and important issue, which should be validated in
further research especially for patients who underwent preop-CRT.

In conclusion, our study demonstrated that pelvic MRI could be
a viable option to measure tumor height for rectal cancer even in
patients who have undergone preoperative chemoradiotherapy.
However, a standard method to define tumor height by MRI ex-
amination is needed.
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