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Summary
Background: Preoperative staging, including computed
tomography (CT), magnetic resonance imaging (MRI),
and endoscopic ultrasound (EUS), is decisive to envis-
age the therapeutic concept for rectal cancer (RC). Over-
staging may subject the patient to neoadjuvant therapy
that does not improve survival but may lead to therapy-
associated morbidity. Methods: This study retrospec-
tively compares and values EUS, CT, and MRI in Union
Internationale Contre le Cancer (UICC) stage I-Ill RC with
a focus on overstaging. RC patients receiving primary
operation only at the University Clinic Ulm were ana-
lyzed. The therapeutic relevance of preoperative staging
was determined by comparison with postoperative path-
ological workup. Results: 244 examinations in 184 RC
patients (EUS: n = 63, CT: n = 143, MRI: n = 38) revealed
therapy-relevant overstaging into the T3/4 category in 10
(16%) EUS, 18 (13%) CT, and 10 (26%) MRI cases. Pa-
tients were upgraded to the N+ category in 13 (21%)
EUS, 29 (20%) CT, and 11 (29%) MRI cases. As a result,
UICC stages Il and lll turned out to be overstaged in 13
(21%) EUS, 18 (13%) CT, and 10 (26%) MRI cases. Con-
clusion: More than 10% therapy-relevant overstaging by
any method represents a major challenge for modern RC
therapy. Physicians should scrupulously consider this
fact in their treatment considerations to avoid overtreat-
ment.

© 2018 S. Karger GmbH, Freiburg

Introduction

Rectal cancer (RC) is one of the most common malignancies in
Western countries [1]. Its incidence is still slightly increasing in
some areas including Germany on account of demographic
changes and nutrition habits [2]. In contrast, there has been a de-
cline in mortality over the past 3 decades due to earlier detection,
operative technique, and multimodal therapy [3].

While therapeutic choices have been constantly increasing,
staging of RC relies on three different staging modalities: endo-
scopic ultrasound (EUS), computed tomography (CT), and mag-
netic resonance imaging (MRI). EUS and MRI show comparable
high accuracy levels for T (EUS: 63-95%, MRI: 65-86%) and N
(EUS: 64-84%, MRI: 85-97%) according to Union Internationale
Contre le Cancer (UICC) [4-6]. Multidetector CT (MDCT) can be
highly accurate in T, N, and UICC staging (86, 84, and 89%), too
[7]. However, all modalities are at risk of staging failure. Overstag-
ing is reported in up to 30% regardless of the modality used [3, 8].

Pretherapeutic staging is essential to determine the therapeutic
concept for RC, mainly consisting of primary surgery only or neo-
adjuvant (chemo-)radiation therapy (NRT) with curative intent. T
and N status strongly correlate with prognosis and local recurrence
rates. However, each UICC stage is heterogeneously structured, in-
cluding patients with good, intermediate, and poor prognosis. This
is most distinctive in the case of UICC II and III tumors, which are
found in up to 80% in daily clinical practice. With respect to tumor
location (high: 12-16 ¢cm, middle: 6-12 ¢cm, low: 0-6 cm from the
anocutaneous line (ACL)), discrimination between T1/2 and T3/4
status as well as detection of lymph node involvement (N+) is cru-
cial to schedule the therapeutic concept. Based on several multi-
center trials the concept of NRT followed by total mesorectal exci-
sion (TME) has become the treatment of choice for middle and low
RC UICC stage IT (T3-4 NO) and III (T1-4 N+) [9, 10]. It has dem-
onstrated significantly better local tumor control and at least bisec-
tion of local recurrence rates in those patients with poor prognosis
(T3, N+, deep extramural invasion). However, preoperative NRT
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does not improve overall survival versus postoperative chemoradi-
ation and may be harmful to those who do not require extensive
pretreatment (intermediate prognosis: T1-2 N1, T3 NO) or even
patients sufficiently treated by surgery alone (good prognosis:
T1-2 NO) [11]. Furthermore, NRT does not guarantee local cure.
The rate of patients who develop a local recurrence despite NRT is
at least 6% [12]. Further criteria such as the circumferential resec-
tion margin (CRM), depth of extramural invasion, and extramural
vascular invasion have been identified which proved to provide
even better prognostic value and resulted in a subdivision outside
of the UICC classification [13]. Although these variables are con-
tinuously implemented into the actual guidelines, they have not yet
fully reached daily clinical practice. The revision of the Dutch RC
guidelines 2012, published in 2014, has led to a reduction of NRT
in T3 NO tumors of 31.6% [14]. Hence, overstaging is critical to
obtain oncological benefits of NRT in a more selected group of
patients.

In addition to prognostic implications, there is a rising debate
about the drawbacks of multimodal therapy regarding functional
outcome and quality of life (QoL). 50-90% of RC patients experi-
ence some form of bowel dysfunction following anterior resection
(AR) [15-17]. The low anterior resection syndrome (LARS) com-
prises symptoms like urgency, incontinence, frequent bowel move-
ment, and clustering that may persist and thus impair long-term
QoL after AR. In a recent study, we found LARS to be substantially
worsened by radiation [18]. Independent of the protocol of the pre-
treatment used (short-term 5 x 5 Gy, long-term radiochemother-
apy), these patients have significantly more bowel movements per
day and especially during the night. An extensive rate of long-term
fecal incontinence further highlights the lifelong price to pay [19]. In
this regard, overstaging should be accepted as a determinant. Over-
staging subjects the patient to unnecessary RT and impaired QoL.

With growing evidence for a rational use of radiochemotherapy
in RC, the requirements for accurate staging are considerably in-
creasing to balance oncologic results and QoL. In this controversy,
stage-related overstaging has not been explicitly addressed as a pri-
mary issue so far. Therefore, we aimed our study to retrospectively
compare and assess overstaging by EUS, CT, and MRI for UICC
stage I-III RC patients with primary operation and without NRT.

Patients and Methods

Design

In this retrospective analysis, we evaluated the accuracy of three different
imaging modalities in local staging for RC. CT, MRI, and EUS were compared
regarding sensitivity and specificity, stage-related accuracy, and risk of therapy-
relevant overstaging.

To meet our concern, we intentionally chose a period from 2002 until 2008
when neoadjuvant pretreatment was not yet extensively/routinely established at
our clinic for all UICC II/III RC patients. Alternatively, a substantial proportion
of patients received adjuvant treatment. This enabled us with the possibility to
compare high-quality preoperative staging with complete pathological workup,
but without the diagnostic alterations caused by NRT. Due to the fact that mod-
ern imaging still lacks precise response criteria to allow for differentiation be-
tween vital tumor mass and the desired downsizing/downstaging effects like
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tumor necrosis/edema/fibrosis, only those patients receiving primary operation
were subject to statistical analysis.

Participants

All consecutive RC patients UICC stage I-III treated between 2002 and
2008 at the University Clinic Ulm were identified using our tumor documenta-
tion system, i.e. Cancer REtrieval and DOcumentation System - CREDOS 2.
Informed consent was obtained for each participant. Postoperative pTN status
and availability of at least one of the three pretherapeutic imaging modalities
were mandatory for inclusion. Patients diagnosed with invasive cancer on pri-
mary endoscopic polypectomy were excluded due to alterations in secondary
staging. Missing data, unavailable local staging, and no surgery for various rea-
sons (refusal, inoperability for anesthesiological reasons, endoscopic local ther-
apy) were also criteria for exclusion. According to treatment strategy, RC pa-
tients were subdivided into a primary operation group and neoadjuvant treat-
ment groups with or without restaging. As mentioned above, patients with NRT
were excluded.

For each patient, age, gender, tumor site, modalities of staging, therapy,
body mass index (BMI), and pre- and postoperative tumor stage according to
UICC staging manual version 6.0 were recorded from the internal database. For
simplification matters, preoperative staging results were illustrated by the prefix
‘¢’ for all modalities. The tumor site was characterized into low, middle, or high
based on the distance of the lower tumor margin to the ACL. Detailed informa-
tion was provided on the therapy of each patient, i.e. curative/palliative or adju-
vant/neoadjuvant, as well as the operative procedure (sphincter-preserving AR,
abdominoperineal resection, or transanal tumor resection).

Statistical Analysis

Sensitivity, specificity, and accuracy of CT, MRI, and EUS were evaluated
using the chi-square test. The different T stages and N stages were analyzed
separately. The nodal status was set N+ for N1 and N2 since the number of
pathologic lymph nodes is not decisive for the treatment strategy in RC. In case
the applied imaging modality could not define T/N stage precisely, e.g. for mo-
tion artefacts in CT/MRI or incomplete EUS due to tumor stenosis, the terms
TX and NX were used. In case of imprecise statements such as T2-3, the lower
value was recorded.

Dichotomous analysis of T stages was performed to assess imaging results
according to their therapeutic relevance. T1/2 as well as T3/4 status were there-
fore combined. In case of TX and/or NX, the more favorable UICC stage was
assumed.

Results

Patient Characteristics

219 (62.4%) out of 351 RC patients were evaluable by fulfillment
of the inclusion criteria for primary RC surgery with complete
pathological workup. 58 patients with incomplete external docu-
mentation on pTNM and/or local staging, 36 patients receiving ab-
dominal ultrasound exclusively, 1 patient undergoing emergency
operation for intestinal obstruction without preoperative staging,
and 30 patients without operation (25 technical inoperability, 1 in-
operability for anesthesiological reasons, and 4 refusal of opera-
tion) were excluded from the study. Another 7 patients were ex-
cluded due to primary endoscopic polypectomy. Figure 1 outlines
the reasons for failure of study enrollment for 132 patients.

Evaluation of Staging

184 (84.9%) out of 219 patients underwent primary operation,
thus qualifying for statistical analysis. At a total count of 244, the
mean number of local staging examinations was 1.3. The majority
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Evaluable pat. Evaluable pat. Evaluable pat.
EUS n=63 CT n=141 MRI n=38

Fig. 1. Study enrollment of 351 consecutive patients (2002-2008) with rectal
cancer. Due to multiple staging by different modalities the number of examina-
tions is higher than the total number of patients included for analysis.

of examinations was performed at the University Clinic Ulm (EUS:
94%, CT: 72%, MRI 87%), the lesser part accounting for external
institutions (EUS: 6%, CT: 28%, MRI: 13%). 15 different investiga-
tors were recorded for EUS examinations and 6 for CT scans and
MRI. 35 (15.9%) patients received neoadjuvant treatment with (n =
13) or without (n = 22) restaging. In 35% (n = 63) the tumor was
localized in the lower rectum (<6 cm from ACL), in 48% (n = 88)
in the middle rectum (6-12 cm from ACL), and in 17% (n = 31) in
the upper rectum (12-16 cm from ACL).

Staging Results

Table 1 outlines pre- and postoperative staging results by imag-
ing group. Regarding the three different imaging modalities, EUS
was applied in 63 patients (UICC L: n = 20, UICC II: n = 14, UICC
III: n = 29), CT in 143 patients (UICC I: n = 35, UICC II: n = 34,
UICC IIL: n = 74), and MRI in 38 patients (UICC I: n = 15, UICC
II: n = 5, UICC III: n = 18) patients. The male/female ratio was 1:
0.5 for EUS, 1: 0.75 for CT, and 1:1 for MRI. Median age (EUS: 64
years, CT: 65 years, MRI: 64 years) and BMI (EUS: 25.8 kg/m?, CT:
26 kg/m?, MRI: 26.4 kg/m?) were equal in the three groups. For
EUS, CT, and MR, the correct T stage could not be determined in
2 (3%), 36 (36%), and 3 (8%), respectively, which resulted in TX
grouping. NX was determined in 11 (17%) EUS, 24 (17%) CT, and
6 (16%) MRI examinations. Reasons for X-staging comprised mo-
tion artifacts in CT/MRI and incomplete passage by tumor ob-
struction using EUS. Referring to the underlying preoperative cT
and cN findings, EUS revealed cUICC I in 8 (13%) and cUICC II/
IIT in 55 (87%). CT and MRI revealed cUICC I in 21 (15%) and 2
(5%) as well as cUICC II/IIT in 122 (85%) and 36 (95%), respec-
tively. Upon histologic examination of the resection specimens,
pUICC I was found in 21 (33%, EUS group), 39 (27%, CT group),

Overstaging: A Challenge in Rectal Cancer
Treatment

Table 1. Pre- and postoperative staging results by imaging group; the total
number of patients is lower than the number of examinations due to the fact
that some patients received multimodal staging

Patients Examinations
EUS cn MRI

n 184 63 143 38

Gender
Male 119 (65%) 41 (65%) 87 (59%) 20 (53%)
Female 65 (35%) 22 (35%) 56 (39%) 18 (47%)

Age, median, 64.5 64 65 64
years

BMI, median, 25.7 25.8 26 26.4
kg/m?

TNM classification
cT1/cT2 52 (28%) 25 (40%) 33(23%) 8 (21%)
cT3/cT4 103 (56%) 36 (57%) 59 (41%) 27 (71%)
cTx 29 (16%) 2 (3%) 51 (36%) 3 (8%)
cNO 57 (31%) 24 (38%) 52 (36%) 7 (18%)
N+ 96 (52%) 28 (44%) 67 (47%) 25 (66%)
cNx 31(17%) 11 (18%) 24 (17%) 6 (16%)
pT1/pT2 69 (37%) 27 (43%) 47 (33%) 18 (47%)
pT3/pT4 115 (63%) 36 (57%) 96 (67%) 20 (53%)
pTx - - - -
pNO 92 (50%) 34 (54%) 69 (48%) 20 (53%)
pN+ 92 (50%) 29 (46%) 74 (52%) 18 (47%)
pNx - - - -

UICC stage
cUICCI 22 (12%) 8 (13%) 21 (15%) 2 (5%)
cUICC II/TIT 161 (88%) 55 (87%) 122 (85%) 36 (95%)
cUICC x - - - -
pUICCI 52 (28%) 21 (33%) 39 (27%) 12 (19%)
pUICC II/1IT 132 (72%) 42 (67%) 104 (73%) 26 (81%)

EUS = Endoscopic ultrasound; CT = computed tomography; MRI = magnetic
resonance imaging; UICC = Union Internationale Contre le Cancer; BMI =
body mass index.

and 12 (19%, MRI group) cases. pUICC II/III was correspondingly
diagnosed in 42 (67%), 104 (73%), and 26 (81%) cases.

Sensitivity, Specificity and Accuracy

MRI revealed the highest sensitivity in discriminating between
T1/2 and T3/4 tumors (89%) compared to EUS (76%) and CT
(66%). Specificity was relatively low except for EUS (EUS: 63%, CT:
40%, MRI: 38%), resulting in an accuracy of 70% for EUS, 58% for
CT, and 66% for MRI. Concerning N+ status, EUS, CT, and MRI
revealed a sensitivity of 52, 51, and 78%, respectively. Specificity for
+ status was found to be 62% for EUS, 58% for CT, and 45% for
MRI. Accuracy was 57% (EUS), 55% (CT), and 61% (MRI).

Overstaging
Based on the above-mentioned results, overstaging was present
in all three imaging modalities. Regarding EUS, T-overstaging was
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found in 19 cases (30%) and N-overstaging in 13 cases (21%). CT
and MRI revealed overstaging of the T category in 20% (n = 29)
and 34% (n = 13) as well as of the N category in 20% (n = 29) and
29% (n = 11), respectively.

Comparison of T1/2 versus T3/4 revealed therapy-relevant
overstaging to the T3 + 4 category by EUS, CT, and MRI in 10
(16%), 18 (13%), and 10 (26%) cases, respectively. 13 (21%) EUS,
29 (20%) CT, and 11 (29%) MRI cases were wrongly assigned to
the N+ category. As a result, UICC stages II and III were found to
be overstaged in 13 (21%), 18 (13%), and 10 (26%) of EUS, CT, and
MRI cases, respectively (table 2).

Discussion

All cancer staging goes along with the potential risk of staging
failure. Regarding RC, this may subject the patient to either under-
treatment or overtreatment. While undertreatment could adversely
affect oncologic outcome in terms of local recurrence upon deten-
tion of neoadjuvant therapy, overtreatment might impair postop-
erative functional outcome in terms of QoL due to unnecessary
NRT. In a recent study, we stated that especially those patients re-
ceiving NRT were at high risk to develop major LARS [18]. Moreo-
ver, RC patients are more likely to die from distant metastatic dis-
ease than local recurrence today. Therefore, the oncologic advan-
tages of NRT should be balanced with radiotherapy-related
morbidity.

A rising number of therapeutic choices for RC is accompanied
by three different staging modalities: EUS, CT, and MRI. All these
modalities have their benefits and specific limitations restricting
overall performance. On the technical side, EUS is basically not ap-
plicable in tumors obstructing the rectal lumen as MRI is for pa-
tients carrying older pacemaker models. On the practical side, EUS
proved to be highly accurate in early T stages but less so for ad-
vanced cancer, resulting in overall levels ranging from 63 to 95%
[4-6]. Staging accuracy for nodal status has been reported to be
64-84% [4]. CT is an essential part of the pretherapeutic workup. It
marks the gold standard in the detection and characterization of
distant metastasis but is limited in distinguishing different layers of
pelvic anatomy, thus disqualifying it as the primary examination
for local RC staging [20]. However, MDCT has demonstrated high
accuracy in T, N and UICC staging (86, 84, and 89%, respectively)
except for UICC I [7]. Furthermore, CT is less dependent on avail-
ability and local expertise compared to EUS and MRI. MRI showed
overall accuracies for T staging between 65 and 86% [5]. Sensitivity
and specificity of lymph node involvement was reported in up to
85 and 97%, respectively [21]. MRI proved to be clearly superior to
EUS and CT in depicting the mesorectal fascia and its relation to
the tumor [22]. Regarding T status, our findings are quite in line
with the literature since we found an overall accuracy for T status
in 74% (EUS), 72% (CT), and 77% (MRI). However, accuracy levels
regarding the N status were substantially lower (EUS: 58%, CT:
57%, MRI: 61%). The difference is best explained by discrete im-
plementation of technical progress into the clinical field. All imag-
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Table 2. Therapy-relevant overstaging of three different imaging modalities;
results itemized for T/N status and summarized according to UICC

EUS CT MRI
N 63 143 38
Therapy-relevant overstaging
T3/4 category 10 (16%)  18(13%) 10 (26%)
N+ category 13 (21%) 29 (20%) 11 (29%)
UICC II/IIT 13 (21%) 18(13%) 10 (26%)

EUS = Endoscopic ultrasound; CT = computed tomography; MRI = magnetic
resonance imaging; UICC = Union Internationale Contre le Cancer.

ing modalities have been subject to qualitative improvement over
the last decade, with the most substantial one concerning MRI. In
the requested period (2002-2008), 1.5 Tesla devices were used at
the University Clinic Ulm. With currently 3 Tesla MRI, sensitivity,
specificity, and accuracy are expected to be substantially higher.
Moreover, we cannot exclude that MRI accuracy rates in clinical
routine may be substantially lower than in selective studies, as
demonstrated for other modalities as well [23]. In the present anal-
ysis, all examinations were carried out by a variety of internal and
external investigators reflecting routine daily practice.

Overstaging of the T or N category does not inadvertently result
in overtreatment. At first, UICC III tumors of the middle and
lower rectum are commonly assigned to NRT whereas patients
with a tumor located in the upper third of the rectum should be
treated like colon cancer patients, i.e. undergo primary surgery [5].
Thus, overstaging was negligible for 31 (17%) patients included in
our analysis. Secondly, a false T >2 or a false N+ is not relevant for
therapy when either of them correctly allows NRT. As expected, we
found a difference between the isolated T/N results and those
transferred to UICC stages. However, with more than 10% in each
imaging group (EUS, CT, MRI), therapy-relevant UICC overstag-
ing turns out to be worth optimizing.

Our approach limits direct comparison with the literature,
which is majorly focused on over-/understaging T and N sepa-
rately. In most cases, available data are neither stage-related nor
referred to their therapeutic relevance. Our report did not only
focus on separate determination of T- and N-overstaging but em-
phasized UICC stage-dependent overstaging which is actually the
parameter for recommending neoadjuvant treatment or not. Our
study revealed therapy-relevant overstaging regarding the UICC
classification in 21% (EUS), 13% (CT), and 26% (MRI). Overstag-
ing of the T category was found to be therapeutically relevant in
16% (EUS), 13% (CT), and 26% (MRI). The frequency of false-pos-
itive N+ was 21% (EUS), 20% (CT), and 29% (MRI). Owing to an
unmatched technical progress, MRI results appear undervalued by
now.

The most frequently used diagnostic tool for local RC staging is
EUS. A meta-analysis of 5,039 patients from 42 institutions re-
vealed a high accuracy of EUS, with sensitivity rates of 88% and
specificity rates of up to 99% [24]. However, these results did not
prove true in large multicenter studies reflecting daily clinical rou-
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tine outside dedicated centers. For EUS, Marusch et al. [25] re-
ported a frequency of 17.3% for T overstaging, which is quite in
line with our findings. Shapiro et al. [26] found UICC stage-related
overstaging (UICC I — UICC II/III) in 32/95 patients (33%). How-
ever, the overstaging rate for nodal involvement alone was only
6.3% [26].

In our analysis, CT revealed the lowest frequency of therapy-
relevant overstaging (T1/2 — T3/4: 13%, NO — N+: 20%, UICC II
— UICC III: 13%). These findings were quite in line with a study
conducted by Dinter et al. [27], which reported overstaging by Hy-
dro-CT in 3/23 (13%) patients. However, low accuracy in detecting
T1/2 lesions and nodal staging posed significant restrictions [27].
More recent studies reported accuracies of up to 87% for T staging
and 80% for N staging by MDCT with multiplanar reconstruction
[7, 28, 29]. It should therefore not be underrated in local RC stag-
ing but reconsidered as a companion for EUS or MRI in question-
able cases.

Followed by EUS, MRI showed the highest frequency of ther-
apy-relevant overstaging in our analysis (T1/2 — T3/4: 26%, NO —
N+: 29%, UICC II — UICC III: 26%). Reports focusing on over-
staging by MRI are exceptionally rare. Ucar et al. [30] found 8/30
patients (27%) upgraded to T3 by MRI. All these cases were local-
ized in the lower rectum. Karatag et al. [31] reported on 4/24 cases
(20.8%) overstaged into the T3 category by phase-array MRI. No
overstaging of lymph node status was reported. Kocaman et al. [32]
found overstaging in overall 8/50 cases, with 4/15 patients staged
from T2 to T3/4 (26.7%). In a prospective study comparing stand-
ard local TN classification and a modified Wong’s classification,
MRI overstaging was revealed to be therapy-relevant in 16/42 cases
(38%) [33]. The N category was not evaluated. Our results for MRI,
at least concerning the local invasion of rectal carcinoma (T stage),
proved widely consistent with the literature.

Besides the standard local T/N classification, there is increasing
evidence that the extent of extramural invasion of T3 tumors and
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