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Abstract
Objects To investigate the utility of fused high b value
diffusion-weighted imaging (DWI) and T2-weighted im-
aging (T2WI) for evaluating depth of invasion in blad-
der cancer.
Methods We included 62 patients with magnetic resonance
imaging (MRI) and surgically confirmed urothelial carcinoma
in the urinary bladder. An experienced genitourinary radiolo-
gist analysed the depth of invasion (T stage <2 or ≥2) using
T2WI, DWI, T2WI plus DWI, and fused DWI and T2WI
(fusionMRI). Sensitivity, specificity, positive predictive value
(PPV), negative predictive value (NPV) and accuracy were
investigated. Area under the curve (AUC) was analysed to
identify T stage ≥2.
Results The rate of patients with surgically confirmed T stage
≥2 was 41.9% (26/62). Sensitivity, specificity, PPV, NPVand
accuracy were 50.0%, 55.6%, 44.8%, 60.6% and 53.2%, re-
spectively, with T2WI; 57.7%, 77.8%, 65.2%, 71.8% and
69.4%, respectively, with DWI; 65.4%, 80.6%, 70.8%,
76.3% and 74.2%, respectively, with T2WI plus DWI and
80.8%, 77.8%, 72.4%, 84.9% and 79.0%, respectively, with
fusion MRI. AUC was 0.528 with T2WI, 0.677 with DWI,

0.730 with T2WI plus DWI and 0.793 with fusion MRI for T
stage ≥2.
Conclusion Fused high b value DWI and T2WI may be a
promising non-contrast MRI technique for assessing depth
of invasion in bladder cancer.
Key Points
• Accuracy of fusion MRI was 79.0% for Tstage ≥2 in bladder
cancer.

• AUC of fusion MRI was 0.793 for T stage ≥2 in bladder
cancer.

•Diagnostic performance of fusionMRI was comparable with
T2WI plus DWI.

• As a non-contrast MRI technique, fusion MRI is useful for
bladder cancer.
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Abbreviations
AUC area under the curve
CI confidence interval
DCE dynamic contrast-enhanced
DWI diffusion-weighted imaging
MRI magnetic resonance imaging
NPV negative predictive value
PPV positive predictive value
ROC receiver operating-characteristic
TE echo time
TR repetition time
TURB transurethral resection of the bladder
T2WI T2-weighted imaging
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Introduction

In bladder cancer, the depth of invasion is important for plan-
ning therapeutic strategies. For a patient with non-muscle-
invasive bladder cancer (T stage <2), transurethral resection
of the bladder (TURB) is generally recommended for com-
plete tumour removal [1]. When a cancer penetrates further
into the muscle layer and is thus difficult to remove by TURB,
radical cystectomy with urinary diversion is required [2].

Many studies have demonstrated that diffusion-weighted
imaging (DWI) is a useful non-contrast magnetic resonance
imaging (MRI) technique for evaluating bladder cancer
[3–12]. Takeuchi et al. reported that the overall accuracy of
T2-weighted imaging (T2WI) plus DWI for assessing T stage
was higher than that of T2WI alone or comparable with that of
T2WI plus contrast-enhanced imaging [6]. According to a
previous study with 362 patients, the interpretation of T2WI
plus DWI was also useful for evaluating the T stage of bladder
cancer [10]. Therefore, the combination of T2WI and DWI
may have potential as a non-contrast MRI interpretation meth-
od for evaluating the depth of invasion in bladder cancer.

Recently, fused high b value DWI and T2WI has shown
promise for assessing the depth of invasion of gynecologic
malignancies [13, 14]. Because DWI is limited by spatial res-
olution, fusion of DWI onto the background T2WI may facil-
itate depiction of the functional status of the tumour (e.g. true
cancerous area) with anatomical details (e.g. involved or ad-
jacent organs) simultaneously. In addition, the fusion tech-
nique may replace meticulous, but relatively inconvenient in-
vestigation of two different MRI sequences. However, it re-
mains unclear whether fused high b value DWI and T2WI is a
feasible technique for the evaluation of the depth of invasion
in bladder cancer.

Thus, we investigated the diagnostic performance of fused
high b value DWI and T2WI, as a non-contrast MRI method,
in the evaluation of depth of invasion in bladder cancer.

Materials and methods

Patients

The institutional review board at our institution approved this
retrospective study and the requirement for informed consent
was waived. A consecutive series of 66 patients who
underwent preoperative MRI with data sets available for the
image fusion at the workstation and surgically proven malig-
nancy of the bladder were identified by a search of electronic
medical records. Of these patients, four were excluded be-
cause of lack of urothelial carcinoma (adenocarcinoma of
the urachus, n = 3; squamous carcinoma of the bladder, n =
1). Thus, the final study group (n = 62) had preoperative MRI

and surgically proven urothelial carcinoma of the bladder. The
characteristics of study group are summarized in Table 1.

MRI examination

All MRI was performed in one of two 3-T MR machines
(Discovery MR750 or MR750w, GE Medical Systems,
Milwaukee, WI) using a phased-array body coil. To distend
the bladder, urination was prohibited for at least 1 h prior to
MRI examination. To suppress bowel peristalsis, 20 mg of
butyl scopolamine (Buscopan; Boehringer Ingelheim,
Ingelheim am Rhein, Germany) was injected intramuscularly
prior to MRI.

The T2WI protocols were as follows: TR, 4000–6500; TE,
98–115; slice thickness, 6 mm; field-of-view, 240mm; matrix,
416 × 320. The DWI protocols were as follows: TR, 3900–
5000; TE, 55–59; slice thickness, 6 mm; field-of-view,
240 mm; matrix, 128 × 128; and b values, 50 and 1000 s/
mm2. Both T2WI and DWI were obtained with the axial plane
perpendicular to the craniocaudal axis.

Fusion of high b value DWI onto T2WI was conducted
using an image processing workstation (AW, GEMedical sys-
tem, Milwaukee, WI) by a third-year radiology resident
(M.L.) who was not involved in the image analysis. The
colour-coded signal of DWI of a b value of 1000 s/mm2 was
overlaid onto T2WI. The section level and field-of-view were
automatically adjusted between DWI and T2WI by the soft-
ware in the workstation. The MR examination time was not
prolonged for obtaining the fusion images because all the

Table 1 Characteristics of the study group

Parameter Value

Age (years) Median, 67.5 (range, 41–92)

Sex (male/female) 53:9

Interval between MRI and surgery (day) Median, 1 (range, 1–18)

Multiplicity (number of patients)

Single 66.1% (41/62)

Multiple 33.9% (21/62)

Lesion size (cm) Median, 2.8 (range, 0.6–9.1)

Type of surgery

TURB 77.4% (48/62)

Cystectomy 22.6% (14/62)

Depth of invasion

All patients (n = 62)

T stage <2 58.1% (36/62)

T stage ≥2 41.9% (26/62)

Patients with a single lesion (n = 41)

T stage <2 53.7% (22/41)

T stage ≥2 46.3% (19/41)
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fusion process was performed at the workstation after MR
examination.

Pathology examination

All patients underwent surgical treatment for pathologic con-
firmation and tumour removal. For 48 patients, TURB was
performed by an experienced urologist (Y.D.C., more than
20 years of experience in bladder surgery). To ensure negative
surgical margins and assess T stage, TURB included the re-
moval of tumour foci with/without deep biopsy of muscles at
the tumour base. The remaining 14 patients underwent
cystectomy. Two experienced pathologists determined the
pathologic T stage with the surgical specimens, according to
the 7th edition of the AJCC cancer staging [15]. In this study,
the patients were divided into two groups based on the status
of muscle invasion: (a) T stage <2 and (b) T stage ≥2.

Image interpretation

A genitourinary radiologist (S.Y.P., 5 years of experience in
bladder imaging) who was unaware of the pathology results
analysed non-contrast MRI of the bladder. Non-contrast MRI
consisted of the following four image sets analysed in order:
(a) T2WI, (b) DWI, (c) T2WI plus DWI and (d) fusion MRI.
The interpretation session for each image set was performed at
an interval of 3 weeks.

Bladder cancer was defined as a focal nodular or polypoid
lesion of intermediate signal intensity on T2WI, diffusion re-
striction (e.g. hyperintensity) on DWI, or reddish colour on
fusion MR. On T2WI, the disruption of hypointense line of
normal bladder wall by a tumour was considered as muscle
invasion [16]. On DWI, the findings of a hyperintense tumour
with a hypointense stalk or intact hypointensity of submucosa
was indicative of non-muscle invasion, whereas extension of
the hyperintense tumorous area into relatively hypointense
bladder wall was considered as muscle invasion [6]. On fusion
MRI, a reddish tumorous area overlapped on T2-hypointense
bladder wall was considered as muscle invasion. To determine
the muscle invasion by a cancer (e.g. T stage ≥2), a five-point
scale was utilized: score of 1, definitely absent; score of 2,
probably absent; score of 3, indeterminate; score of 4, proba-
bly present; and score of 5, definitely present. Scores of 4 or 5
were regarded as T stage ≥2. When multiple tumour foci were
seen on MRI, a single lesion showing the deepest invasion
was representative of T stage for a patient.

Statistical analysis

The sensitivity, specificity, positive predictive value (PPV),
negative predictive value (NPV) and accuracy of T2WI,
DWI, T2WI plus DWI, and fusion MRI were investigated
for the evaluation of depth of invasion in bladder cancer.

We analysed the area under the curve (AUC) of each
T2WI, DWI, T2WI plus DWI, and fusion MRI and compared
the AUCs using the receiver operating-characteristic (ROC)
curve analysis with Delong’s test. The p values from multiple
testing were adjusted by Benjamini–Hochberg correction.

The above statistical analyses were conducted for all pa-
tients and patients with a single lesion separately. MedCalc
(version 13.0, MedCalc Software, Mariakerke, Belgium)
was used for the statistical analysis. A p value less than 0.05
was considered statistically significant.

Results

Sensitivity, specificity, PPV, NPV and accuracy

The distribution of the five-point scores for T stage ≥2 is
summarized in Table 2. The rate of T stage ≥2 was 41.9%
(26/62) for all patients and 46.3% (19/41) for patients with a
single lesion in this study.

For identification of T stage ≥2, the sensitivity, specificity,
PPV, NPV and accuracy were 50.0%, 55.6%, 44.8%, 60.6%
and 53.2%, respectively, with T2WI; 57.7%, 77.8%, 65.2%,
71.8% and 69.4%, respectively, with DWI; 65.4%, 80.6%,
70.8%, 76.3% and 74.2%, respectively, with T2WI plus
DWI and 80.8%, 77.8%, 72.4%, 84.9% and 79.0%, respec-
tively, with fusion MRI in all patients (Table 3).

The sensitivity, specificity, PPV, NPV and accuracy were
47.4%, 68.2%, 56.3%, 60.0% and 58.5%, respectively, with
T2WI; 57.9%, 81.8%, 73.3%, 69.2% and 70.7%, respectively,
with DWI; 68.4%, 86.4%, 81.3%, 76.0% and 78.1%,

Table 2 Five-point scoring with non-contrast MRI techniques for iden-
tification of T stage of 2 or greater

Parameter Five-point scoring

1 2 3 4 5

All patients (n = 62)

T2WI 8 11 14 18 11

DWI 14 8 17 8 15

T2WI plus DWI 13 9 16 12 12

Fusion MRI 15 7 11 13 16

Patients with one lesion (n = 41)

T2WI 7 8 10 9 7

DWI 12 3 11 5 10

T2WI plus DWI 11 5 9 8 8

Fusion MRI 12 4 7 7 11

Data represent the number of patients

MRI magnetic resonance imaging, T2WI T2-weighted imaging, DWI
diffusion-weighted imaging
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respectively, with T2WI plus DWI and 79.0%, 86.4%, 83.3%,
82.6% and 82.9%, respectively, with fusion MRI in patients
with a single lesion.

ROC curve analysis

The AUC for the identification of T stage ≥2 was 0.528 (95%
confidence interval [CI], 0.397–0.656) with T2WI, 0.677
(95% CI, 0.547–0.791) with DWI, 0.730 (95% CI, 0.602–
0.835) for T2WI plus DWI and 0.793 (95% CI, 0.671–
0.885) with fusion MRI for all patients (Fig. 1). The AUC
for the identification of T stage ≥2 was 0.578 (95% CI,
0.414–0.730) with T2WI, 0.699 (95% CI, 0.535–0.832) with
DWI, 0.774 (95% CI, 0.617–0.890) for T2WI plus DWI and
0.827 (95% CI, 0.676–0.927) with fusion MRI for patients
with a single lesion.

The AUC of T2WI plus DWI or fusion MRI was signifi-
cantly higher than that of T2WI for all patients or patients with
a single lesion (p < 0.05) (Table 4). The AUC of DWI was
higher than that of T2WI for all patients (p = 0.044), while the
AUCs of DWI and T2WI were similar for patients with a
single lesion (p = 0.168). There were no significant differ-
ences in AUC values among DWI, T2WI plus DWI, and
fusion MRI (p > 0.05) (Figs. 2, 3, and 4).

Discussions

In our study, fused high b value DWI and T2WI yielded good
diagnostic performance (approximate accuracy of 80% and
AUC of 0.8), which was slightly higher than that with the data
from DWI alone or T2WI plus DWI, although the superiority

of fusion MRI was not statistically significant. Those findings
were consistently shown for all patients or patients with a

Table 3 Sensitivity, specificity, PPV, NPVand accuracy of non-contrast MRI techniques

Parameter T2WI DWI T2WI plus DWI Fusion MRI

All patients

Sensitivity (%) 50.0 (13/26) [32.1–67.9] 57.7 (15/26) [38.9–74.5] 65.4 (17/26) [46.1–80.7] 80.8 (21/26) [61.7–92.0]

Specificity (%) 55.6 (20/36) [39.6–70.5] 77.8 (28/36) [61.7–88.5] 80.6 (29/36) [64.7–90.6] 77.8 (28/36) [61.7–88.5]

PPV (%) 44.8 (13/29) [28.4–62.5] 65.2 (15/23) [44.8–81.3] 70.8 (17/24) [50.6–85.3] 72.4 (21/29) [54.1–85.5]

NPV (%) 60.6 (20/33) [43.7–75.4] 71.8 (28/39) [56.1–83.6] 76.3 (29/38) [60.6–87.2] 84.9 (28/33) [68.6–93.8]

Accuracy (%) 53.2 (33/62) [41.0–65.1] 69.4 (43/62) [57.0–79.5] 74.2 (46/62) [62.0–83.5] 79.0 (49/62) [67.2–87.5]

Patients with one lesion

Sensitivity (%) 47.4 (9/19) [27.3–68.3] 57.9 (11/19) [36.2–76.9] 68.4 (13/19) [45.8–84.8] 79.0 (15/19) [56.1–92.1]

Specificity (%) 68.2 (15/22) [47.2–83.8] 81.8 (18/22) [60.9–93.3] 86.4 (19/22) [65.8–96.1] 86.4 (19/22) [65.8–96.1]

PPV (%) 56.3 (9/16) [33.2–76.9] 73.3 (11/15) [47.6–89.5] 81.3 (13/16) [56.2–94.2] 83.3 (15/18) [60.0–95.0]

NPV (%) 60.0 (15/25) [40.7–76.6] 69.2 (18/26) [49.9–83.7] 76.0 (19/25) [56.3–88.8] 82.6 (19/23) [62.3–93.6]

Accuracy (%) 58.5 (24/41) [43.4–72.3] 70.7 (29/41) [55.4–82.5] 78.1 (32/41) [63.1–88.2] 82.9 (34/41) [68.4–91.8]

The data are % (number of patients) [95% confidence interval]

PPV positive predictive value, NPV negative predictive value,MRI magnetic resonance imaging, T2WI T2-weighted imaging, DWI diffusion-weighted
imaging, PPV positive predictive value, NPV negative predictive value

Fig. 1 ROC curves of non-contrast MRI techniques for assessing T stage
≥2 in bladder cancer. a AUCs of T2WI, DWI, T2WI plus DWI, or fusion
MRI were 0.528, 0.677, 0.730 and 0.793 for all patients, respectively. b
AUCs of T2WI, DWI, T2WI plus DWI, or fusion MRI were 0.578,
0.699, 0.774 and 0.827 for patients with a single lesion, respectively
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single lesion in the bladder. This indicates that fusion MRI
may have the potential to be a promising non-contrast MRI
method.

In the urinary bladder, DWI can depict a focal cancerous
area, where water diffusion is more restricted by the denser
cellularity of the cancer. The cancerous tissues manifest as a
focal area of hyperintensity on high b value DWI and low
apparent diffusion coefficient (ADC) value on the ADC map
[3]. With this background, it has been shown that DWI pro-
vides feasible detection [4], staging [5, 6, 10, 11], histologic
grading [6, 7, 12] and assessment of therapeutic response [17,
18] for bladder cancer. Furthermore, DWI may also differen-
tiate post-TURB inflammatory changes of the bladder wall
from bladder cancer [8]. However, DWI has limited spatial

resolution. To overcome this limitation, a combined analysis
with T2WI and DWI may be required.

El-Assmy et al. reported that the accuracy of DWI is 63.9%
for differentiating T stage <2 from T stage ≥2, while the accu-
racy of T2WI is just 6.1% [5]. Takeuchi et al. reported that the
accuracy of T2WI plus DWI (96%) was higher than that of
T2WI alone (79%) for differentiating T stage <2 from T stage
≥2 [6]. According to a study fromWu et al., the accuracy was
74–83% with T2WI, 87–92% DWI and 92–98% with T2WI
plus DWI. In our study, the accuracies of T2WI, DWI and
T2WI plus DWI were 53.2%, 69.4% and 74.2%, respectively.
Although there is variability in accuracy, the data from previ-
ous studies and ours suggest that combined analysis of T2WI
and DWI may provide the best interpretation, as a non-
contrast MRI interpretation method, for assessing the muscle
invasion of bladder cancer.

Technically, fusion of high b value DWI and T2WI is not
complex. Dragging the retrieved DWI over T2WI at the ded-
icated workstation generated the fusion images in this study.
The section level and field-of-view between DWI and T2WI
were adjusted automatically by the dedicated software. In ad-
dition, there was no significant difference in AUC between
fusion MRI and T2WI plus DWI (fusion MR, 0.793 for all
patients and 0.827 for patient with a single lesion; T2WI plus
DWI, 0.730 for all patients and 0.774 for patient with a single
lesion; p > 0.05 between fusion MRI and T2WI plus DWI). A
single interpretation of fusion MRI may replace the complex
interpretation process required for conventional DWI and
T2WI. Further prospective studies are required to confirm
our findings.

This study had some limitations. First, a comparison be-
tween fusion MRI and dynamic contrast-enhanced (DCE)
MRI was not performed. Previous studies have shown the great
promise of fusion MRI for the evaluation of depth of invasion
in gynecologic malignancies [13, 14]. The present results war-
rant further comparison studies between fusion and DCEMRI.

Table 4 Comparison of AUC between non-contrast MRI techniques

Comparison P value

All patients

Fusion MRI versus T2WI 0.001

Fusion MRI versus DWI 0.051

Fusion MRI versus T2WI plus DWI 0.254

T2WI plus DWI versus T2WI 0.001

T2WI plus DWI versus DWI 0.097

DWI versus T2WI 0.044

Patients with one lesion

Fusion MRI versus T2WI 0.009

Fusion MRI versus DWI 0.080

Fusion MRI versus T2WI plus DWI 0.396

T2WI plus DWI versus T2WI 0.002

T2WI plus DWI versus DWI 0.115

DWI versus T2WI 0.168

AUC area under the curve, MRI magnetic resonance imaging, T2WI T2-
weighted imaging, DWI diffusion-weighted imaging

Fig. 2 A 72-year-old man with
bladder cancer. a T2WI, b DWI
of b-1000 and c fusion MRI show
a tumour focus, measuring
1.1 cm, in the right wall of the
urinary bladder (arrow). For this
patient, T stage was found to be
<2 by T2WI, DWI, T2WI plus
DWI, or fusion MRI. The patho-
logic T stage was less than 2
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Second, this study was performed at the patient level. The
absence of a cystoscopic or pathologic tumour map precluded
lesion-by-lesion analysis for patients with multiple tumour foci.
Thus, we additionally analysed the diagnostic performance of
non-contrast MRI techniques for patients with a single lesion to
overcome the current limitation, and the data from the two
groups (e.g. all patients and patients with a single lesion) con-
sistently showed the highest AUC of the fusion MRI. Third,
since a majority of the study population underwent TURB
(77.4%, 48/62), the possibility of pathologic understaging ex-
ists. However, TURB included additional muscle resection at
the tumour base for assessing the depth of invasion and achiev-
ing a negative tumour margin by the surgeon’s decision in this
study. Furthermore, we simplified the T stage into two groups,
which could minimize the misdiagnosis of T stage. Fourth,
there might be possibility of misalignment between T2WI
and DWI. Rigid registration was applied for fusion, and the
spatial resolution between the two image sets was not identical.

Bladder and bowel motion might also hamper correct image
fusion. We tried to minimize it by (a) encouraging full disten-
sion of the urinary bladder before MR examination, (b) using
an antispasmodic to minimize the motion of the bladder and
adjacent bowels and (c) obtaining DWI right after T2WI for the
distended bladder. In addition, the section level and field-of-
view were automatically adjusted between T2WI and DWI by
the workstation. Previous studies also reported promising data
in terms of tumour staging with similar fusion methods (e.g.
rigid registration or different spatial resolution between T2WI
and DWI) [13, 14]. Advanced imaging and fusion techniques
would improve the diagnostic accuracy. Fifth, our study was
performed retrospectively. Hence, there might be the possibility
of recall bias in the image interpretation of each set. To mini-
mize this effect, an interval of 3 weeks between each interpre-
tation set was applied. Finally, the inter-reader agreement was
not investigated. Prospective, multi-institutional studies are re-
quired to validate our preliminary results.

Fig. 3 A 67-year-old man with
bladder cancer. a T2WI, b DWI
of b-1000 and c fusion MRI show
a tumour focus, measuring
2.5 cm, in left wall of the urinary
bladder (arrow). For this patient,
T stage was determined to be 2 or
greater on T2WI (arrowheads),
while it was found to be less than
2 on DWI, T2WI plus DWI, or
fusion MRI. The pathologic T
stage was less than 2

Fig. 4 A 60-year-old woman with bladder cancer. a T2WI, b DWI of b-
1000 and c fusion MRI show a tumour focus, measuring 4.5 cm, in the
posterior wall of the urinary bladder (arrow). For this patient, the cancer-
ous area was located in the top of a stalk-like structure on T2WI or DWI
(red dotted area), while fusion MRI additionally depicted the infiltrative

area of a cancer within the bladder wall (arrowheads). Thus, T stage was
determined to be less than 2 by T2WI, DWI, or T2WI plus DWI, while it
was determined to be 2 or greater by fusion MRI. The pathologic T stage
was 2 or greater

Eur Radiol (2017) 27:3752–3758 3757



In conclusion, fused high b value DWI and T2WI may be a
promising non-contrast MRI technique for assessing depth of
invasion in bladder cancer, which may help determine surgical
planning.
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