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Abstract.
BACKGROUND: Neoadjuvant/induction chemotherapy (NAIC) improves survival in patients with muscle-invasive bladder
carcinoma (MIBC). On-treatment response assessment may aid in decisions to continue or cease NAIC.
OBJECTIVE: We investigated whether 18F-fluoro-2-deoxy-D-glucose-Positron Emission Tomography/Computed Tomog-
raphy (FDG-PET/CT) could predict response to NAIC and compared to contrast-enhanced Computed Tomography (CECT).
METHODS: We prospectively included 83 patients treated for MIBC (i.e. high-risk cT2-4N0M0 or cT1-4N+M0-1a) between
2014 and 2018. Response to NAIC was assessed after 2-3 cycles with FDG-PET/CT (Peter-Mac and EORTC criteria)
and CECT (RECIST1.1 criteria). We assessed prediction of complete pathological response (pCR; ypT0N0), complete
pathological down-staging (pCD; ≤ ypT1N0), any down-staging from baseline (ypTN < cTN) and progression (inoperable
tumor/ypN+/M+). The reference standard was histopathological assessment or clinical follow-up. Sensitivity, specificity, and
accuracy were calculated.
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RESULTS: Pathological response rates were 21% for pCR, 29% for pCD, and 10% progressed. All patients underwent
FDG-PET/CT and 61 patients also underwent CECT (73%). Accuracy of FDG-PET/CT for prediction of pCR, pCD, and
progression were 73%, 48%, and 73%, respectively. Accuracy of CECT for prediction of pCR, pCD, and progression were
78%, 65%, and 67%, respectively. Specificity of CECT was significantly higher than FDG-PET/CT for prediction of pCD
and any down-staging (p = 0.007 and p = 0.022). In all other analyses, no significant differences between FDG-PET/CT and
CECT were found.
CONCLUSIONS: Routine FDG-PET/CT has insufficient predictive power to aid in response assessment compared to CECT.

Keywords: Bladder cancer, imaging, urothelial carcinoma, lymph-node, metastasis, fluorodeoxyglucose F18, Positron emis-
sion tomography (PET), computed tomography (CT)

INTRODUCTION

Radical cystectomy (RC) with pelvic lymph
node dissection (PLND) is the standard treat-
ment for muscle-invasive bladder carcinoma (MIBC)
[1]. Complementary treatment with neoadjuvant
cisplatin-based combination chemotherapy (CBCC)
is recommended for non-metastatic MIBC [1], while
patients with regional lymph-node (LN) metastases
may be treated with induction chemotherapy [2, 3].
Neoadjuvant chemotherapy improves 5-year survival
by 5–8% [4–6]. Likewise, response to induction
chemotherapy in is associated with significant sur-
vival benefit [3, 7].

Survival is highest in patients with complete
pathological response (pCR; i.e. ypT0N0) [8] to
CBCC, and seems comparable to survival of
patients with complete pathological down-staging
(pCD; i.e. ≤ ypT1N0) [9] to CBCC. Clinical trials
reported pCR rates of 25–42% [4–6, 10], suggesting
overtreatment in many patients [11]. Patients with
chemotherapy-insensitive tumors are exposed to risk
of chemotoxicity and RC is delayed. This overtreat-
ment may be reduced by on-treatment assessment of
response to NAIC and selection of responders for
continued treatment with NAIC. On the other hand,
non-responders could stop NAIC and proceed to RC
[12].

While imaging with 18F-fluoro-2-deoxy-D-
glucose Positron Emission Tomography/Computed
Tomography (FDG-PET/CT) has been extensively
studied for the initial staging of MIBC [13–16],
data on FDG-PET/CT for assessment of response
to NAIC is very limited [17–21]. The aim of this
prospective study was to determine the accuracy of
standard FDG-PET/CT for on-treatment response
assessment to NAIC and to compare accuracy of
FDG-PET/CT to contrast-enhanced CT (CECT).
We hypothesized that FDG-PET/CT would pre-

dict pathological response to chemotherapy more
accurately than CT.

MATERIALS AND METHODS

This study has been approved by the Institutional
Review Board of the Netherlands Cancer Institute
(X14BSB).

Patients

We prospectively included 83 consecutive patients
from our outpatient bladder cancer clinic between
June 2014 and August 2018. Patients were included
if they presented with high-risk muscle-invasive
urothelial carcinoma (UC), underwent pre- and
on-treatment imaging in our institution with both
CECT and FDG-PET/CT, were treated with NAIC
and were scheduled to undergo RC. High-risk
MIBC included ≥ cT3 tumors on imaging, nodal
involvement (below the renal vein), palpable mass
at physical exam, lympho-vascular invasion in
the TUR-specimen and/or hydro-ureteronephrosis
(considered a cT3 tumor). Patients with visceral
metastases and/or LN metastases above the renal
vein were treated with palliative intent and excluded
from this study. All patients were discussed at multi-
disciplinary tumor-board meetings. The sample size
for this study was based on the sample size calcula-
tion included in the study protocol (Supplementary
Materials).

Pretreatment staging

Routine pretreatment staging included physical
examination, cystoscopy, laboratory studies, and
same-day imaging with CECT and FDG-PET/CT.
Cytological or histological confirmation of nodal sta-
tus was acquired if this was the only indication for
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chemotherapy. Clinical TNM stage was determined
according to the Union for International Cancer Con-
trol (8th edition) [22].

Neoadjuvant and induction chemotherapy

Patients with (high-risk) cT2-4aN0M0 tumors
were eligible for 4 cycles of neoadjuvant chemother-
apy. As of 2017, patients with node-positive
bladder cancer (cT1-4aN+M0-1a) were eligible for
6 cycles of induction chemotherapy. Cisplatin-
eligible patients were treated with cisplatin-based
combination chemotherapy, which consisted of
either accelerated cycles of methotrexate, vin-
blastine, doxorubicin and cisplatin (accMVAC) or
gemcitabine-cisplatin. Cisplatin-ineligible patients
were treated with gemcitabine-carboplatin. Patients
were considered cisplatin-ineligible if they met at
least one of the criteria formulated by Galsky et
al., which includes poor performance status (ECOG-
PS ≥ 2), poor renal function (GFR < 50–60 mL/min),
severe neuropathy or hearing loss (grade ≥ 2), or
heart failure (NYHA-class-III/IV) [23].

CECT protocol

CECT images of the chest and abdomen/pelvis
were acquired with the patient in supine position with
the arms above the head. The acquisition parame-
ters for CECT were slice thickness 5 × 5 mm, table
speed 1.2 × 2.4 mm per rotation, pitch 1.2 to 0.844,
and reconstruction intervals 1 and 5 mm. The intra-
venous contrast agent was OmnipaqueTM-300 with a
concentration of 300 mg iodide per ml. The dose was
calculated to be weight plus 40 ml (minimum 90 ml
and maximum 130 ml). The injection time was 3cc
per second.

FDG-PET/CT protocol

Whole-body FDG-PET/CT images were acquired
with the patient in supine position with arms above
the head. Imaging was performed with integrated
PET/CT scanners (Gemini TF or Gemini TF Big
Bore, Philips, Amsterdam, the Netherlands). A low-
dose CT scan (dose modulated, 40mAs, 2 mm slice
thickness) from the groins to the skull base was per-
formed followed by a PET scan (2 minutes per bed
position). PET images were attenuation-corrected
and anatomically correlated using the low-dose CT
images and reconstructed in 4 mm isotropic voxels.

The protocol for imaging of UC includes both a
direct scan as well as a delayed scan to minimize
interference of excreted urinary FDG. Patients were
instructed to fast for ≥ 6 hours and received oral pre-
hydration. FDG (190–260 MBq, depending on body
mass index) was administered and imaging was per-
formed 1 hour after injection of FDG. For delayed
imaging, furosemide (20 mg) was administered 1,5
hours after injection of FDG, followed by delayed
imaging of the pelvis at 3 hours later.

Response assessment

Response to chemotherapy was assessed mid-
treatment, i.e. response was assessed after 2 and 3
cycles of neoadjuvant and induction chemotherapy,
respectively. On-treatment response evaluation con-
sisted of cystoscopy and FDG-PET/CT and CECT
imaging, all performed on the same day. For the
purposes of this study, the radiologist and nuclear
medicine physicians were blinded to the results of
cystoscopy and only based their assessment on imag-
ing results.

All pre- and on-treatment CECT images were
assessed according to the RECIST1.1 criteria by
the same experienced radiologist (AB) blinded to
patient data and FDG-PET/CT results [24]. All pre-
and on-treatment FDG-PET/CT images were sepa-
rately reviewed by two experienced nuclear medicine
physicians (MD and EV) blinded to patient data
and CECT results. Incongruous results were resolved
in a consensus reading to minimize introduction
of non-random variation. In the context of MIBC,
there are no validated response assessment crite-
ria for FDG-PET/CT yet. Therefore, we used two
response assessment methods. We evaluated FDG
uptake (semi-quantitatively) with the widely used
European Organization for Research and Treatment
of Cancer (EORTC) criteria [25] using SUVmax.

SUVmax was measured in volumes of interest (VOIs)
- i.e. the primary tumor and suspicious LNs - and
compared in the pre- and on-treatment scan. We used
the Peter Mac criteria [26] to assess visual, qualitative
response to NAIC. The Peter Mac criteria rely on sub-
jective interpretation of changes in FDG uptake on the
pre- and on-treatment scan rather than measurements.
Patients with clinical response or stable disease upon
response assessment finished the remaining cycles
of NAIC and underwent RC. Those with progressive
disease at response assessment or clinical follow-
up were again discussed in multidisciplinary rounds
again to assess (palliative) treatment options.
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Pelvic lymph node dissection

In our high volume center (>100 RCs/year), a
standardized template for PLND is maintained. This
template includes removal of LNs in the region
between the genitofemoral nerve, the obturator fossa,
along the internal iliac artery, including the triangle
of Marcille, and along the common iliac artery, up
to the crossing of the ureter. A retroperitoneal LN-
dissection was performed in case of retroperitoneal
LNs (i.e. cM1a). All RC-surgeons meet a surgeon
volume requirement of 20 RCs/year.

Data analysis

The sample size for this study was calculated with
the (two-sided) McNemar’s test for equality of paired
proportions with significance level � = 0.05, differ-
ence in proportions (δ = |π1- π2|) = 0.148, proportion
of discordant parts (η = π10+π01) = 0.168, yielding
n = 48 for the number of pairs (FDG-PET/CT and
CECT). We included more than the 48 patients
required according to the sample size calculation to
establish the largest cohort in this research area.

The standard of reference for response on FDG-
PET/CT and CECT was pathologic response based on
histopathological examination of the RC and PLND
specimens or clinical follow-up in case of progres-
sion. A true positive for pCR was defined as complete
response on imaging and no residual tumor in the
histological specimen. A true positive for pCD was
defined as either complete or partial response on
imaging and down-staging to ≤ ypT1/a/isN0 in the
histological specimen. A true positive for any down-
staging (ypTN < cTN) was defined as complete or
partial response on imaging and any down-staging
compared to clinical stage in the histological spec-
imen. Finally, a true positive for progression was
defined as the occurrence of new extravesical lesions
on imaging as well as in the histological specimen
and/or ycN+-ycM+ as determined by multidisci-
plinary rounds and clinical follow-up.

Statistical analyses were performed using IBM
SPSS Statistics version 25.0 (IBM Corp., Armonk,
NY, USA). Continuous variables with a non-normal
distribution were presented as median and interquar-
tile range. Performance of FDG-PET/CT and CECT
were established by calculation of sensitivity, speci-
ficity, positive predictive value (PPV), negative
predictive value (NPV), and accuracy with corre-
sponding 95% confidence intervals. Outcomes for
FDG-PET/CT and CECT were compared with the

two-sided McNemar test; p < 0.05 was considered
statistically significant.

RESULTS

We included 83 MIBC patients who underwent
FDG-PET/CT. An additional CECT was made in
61 of these patients. One patient (1%) refused RC
after chemotherapy and was lost to follow-up. Hence,
it was possible to assess accuracy of response of
FDG-PET/CT and CECT in 82 (99%) and 60 (72%)
patients, respectively. Of the evaluable FDG-PET/CT
scans, 77% were performed with delayed imaging
of the pelvis. Cytological confirmation of cN-status
was obtained in 7 patients as cN+-status was the only
indication for starting chemotherapy.

Patient and tumor characteristics are displayed in
Table 1. Median age was 64 years (interquartile range
56–72 years). Of the 83 patients, 43 (52%) were
treated in the neoadjuvant setting and 40 (48%) in
the induction setting. Eight patients (10%) did not
undergo RC due to progressive disease. In total, 74
patients (89%) underwent RC. Two patients had sus-
pect retroperitoneal LNs, for which retroperitoneal
rather than pelvic LND was performed. After surgery,
17 patients (21%) achieved pCR, 24 patients (29%)
achieved pCD, and 17 patients (21%) had progressive
disease.

Diagnostic parameters of FDG-PET/CT and
CECT for prediction of response to NAIC are shown
in Table 2. In general, FDG-PET/CT had higher sen-
sitivity and CECT had higher specificity for response
prediction. Accuracy was more or less comparable.
FDG-PET/CT correctly identified pCD in 23 out of
24 patients with complete downstaging, whilst CECT
correctly identified pCD in 15 out of 16 patients with
complete downstaging. Accuracy of FDG-PET/CT
and CECT for prediction of pCD were 51% and 65%,
respectively. The difference in specificity of CECT
compared to FDG-PET/CT for prediction of pCD
was statistically significant (55% vs 34%; p = 0.007),
while the other differences were not (Table 2).

Furthermore, FDG-PET/CT correctly identified
progression in 5 out of 17 patients, whilst CECT cor-
rectly identified progression in 1 out of 14 patients.
Accuracy of FDG-PET/CT and CECT for detec-
tion of progression were 73% and 67%, respectively.
Results for FDG-PET/CT and CECT were not statis-
tically significantly different (p > 0.625). Specifically,
progression in lymph node status (cN0 to ypN+)
remained undetected by both imaging techniques.
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Table 1
Patient and tumor characteristics. The 83 patients undergoing neoadjuvant or induction chemotherapy

are shown. The patients were treated with a cisplatin-based regimen or gemcitabine-carboplatin in
case of cisplatin-ineligibility. Please note that the 11 patients with cT2 disease were either

cN+ and/or had lympho-vasular invasion in their TUR specimen

Whole cohort (n = 83)

Age, years (median, IQR) 64 (56–72)

Sex (n, %)
Female 30 (36)

Male 53 (64)

cT-stage (n, %)
2 11 (13)
3 49 (59)
4 23 (28)

cN-stage (n, %)
0 43 (52)
1 19 (23)
2 16 (19)
3 5 (6)

cM-stage (n, %)
0 76 (92)

1aa 7 (8)

Setting (n, %)
Neoadjuvant 43 (52)

Induction 40 (48)

Histology (cystectomy) (n, %)
UC 62 (75)

UC with variantb 21 (25)

NAIC regimenc (n, %)
MVAC 17 (21)

Gemcitabine-Cisplatin 53 (64)
Gemcitabine-Carboplatin 13 (16)

Number of NAIC cycles (n, %)
2 4 (5)
3 7 (8)
4 64 (77)
5 2 (2)
6 6 (7)

Pathological response (n, %)
Complete pathological response (ypT0N0) 17 (21)

Complete pathological down-staging (≤ypT1N0) 24 (29)
Any down-staging 41 (49)

No pathology (no cystectomy/progressive disease during NAIC) 8/1 (10/1)

Abbreviations: cN = clinical nodal stage; cM = clinical metastatic stage; cT = clinical tumour stage; IQR = interquartile
range; MVAC = methotrexate, vinblastine, doxorubicine, cisplatin; NAIC = neoadjuvant or induction chemotherapy;
pCR = complete pathological response; pCD = complete pathologic down-staging; UC = urothelial carcinoma. a. Involve-
ment of retroperitoneal lymph nodes up to the renal vein. b. Urothelial carcinoma (UC) with squamous cell differentiation
(9), UC with adeno differentiation (2), UC with neuro-endocrine (small cell) differentiation(2), UC with sarcomatoid dif-
ferentiation (2), UC with micropapillary differentiation(1), UC with other differentiations (5). c. Some patients changed
regimen during therapy; from Gemcitabine-Cisplatin to Gemcitabine-Carboplatin (9) and vice versa (1).

In Supplementary Table 1, we included com-
parison of the EORTC and Peter Mac criteria for
FDG-PET/CT. We found that the Peter Mac crite-
ria and EORTC yielded similar results for prediction
of response to NAIC. Furthermore, we did sepa-
rate analyses for accuracy of response to NAIC in
the in the LNs (Supplementary Table 2). Results for

prediction of complete nodal response (ypN0) were
not statistically significantly different between FDG-
PET/CT and CECT (p > 0,5). Finally, Supplementary
Table 3 shows results for the induction setting
separately. Again, FDG-PET/CT was not more accu-
rate than CECT for prediction of response or
progression.
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Table 2
Diagnostic parameters of FDG-PET/CT and CECT for prediction of response to neoadjuvant or induction chemotherapy for muscle-invasive
urothelial carcinoma. FDG-PET/CT was not more accurate than CECT for prediction of complete response or downstaging and progression

Overall % FDG-PET/CT 95% CI % CECT 95% CI p-value
EORTC RECIST1.1

Complete pathological response (ypT0N0)
Sensitivity 53 0.29–0.76 8 0.004–0.40 n.e.
Specificity 75 0.63–0.85 96 0.85–0.99 n.e.
Positive predictive value 36 0.19–0.57 33 0.02–0.87 n.e.
Negative predictive value 86 0.74–0.93 81 0.68–0.90 n.e.

Accuracy 72 78 n.e.
Complete pathological downstaging (≤ypT1N0)

Sensitivity 92 0.72–0.99 94 0.68–0.997 1
Specificity 34 0.23–0.48 55 0.39–0.69 0.007
Positive predictive value 37 0.25–0.50 43 0.27–0.60 1
Negative predictive value 91 0.69–0.98 96 0.78–0.998 n.e.

Accuracy 51 65 1
Clinically significant progression (ypN+/ypM+)

Sensitivity 21 0.08–0.43 5 0.003–0.27 0.625
Specificity 96 0.87–0.99 98 0.85–0.999 1
Positive predictive value 71 0.30–0.95 50 0.03–0.97 n.e.
Negative predictive value 74 0.63–0.83 67 0.53–0.79 1

Accuracy 73 67 n.e.

95% CI = 95% confidence interval; CECT = contrast-enhanced Computed Tomography; EORTC = European Organization for Research and
Treatment of Cancer; FDG-PET/CT = (18)F-fluorodeoxyglucose Positron Emission Tomography / Computed Tomography; n.e. = not evalu-
able; RECIST = Response Evaluation Criteria in Solid Tumours; ypM = distant metastases after neoadjuvant treatment; ypN = pathological
nodal stage after neoadjuvant treatment; ypT = pathological tumor stage after neoadjuvant treatment.

DISCUSSION

On-treatment assessment of response to NAIC
aims to accurately differentiate between (complete)
responders and non-responders to adjust treatment
accordingly. In this prospective study we evaluated
whether on-treatment FDG-PET/CT could assess
response to NAIC and compared the results to CECT.
In general, our results showed that prediction of
pathological response during NAIC was not statis-
tically significantly different between FDG-PET/CT
and CECT. Furthermore, we found that the EORTC
criteria and Peter Mac criteria yielded similar results
for response assessment by FDG-PET/CT. Low
specificity of CECT and especially FDG-PET/CT
for prediction of complete down-staging indicated
that response was often overestimated. In contrast,
progression in lymph nodes often remained unde-
tected even by FDG-PET/CT. These findings suggest
that routine FDG-PET/CT has insufficient predictive
power to aid in response assessment.

The rationale for the use of FDG-PET/CT rather
than CECT is that metabolic response of the tumor
(reflected by uptake of FDG) may precede anatom-
ical response (i.e. shrinkage), allowing for earlier
detection. Both imaging modalities correctly iden-
tified patients with pCD and high negative predictive
value indicated that both also correctly identified

non-response (≥ypT2N0). However, low specificity
suggests that many patients with residual invasive dis-
ease were wrongfully characterized as having pCD.
These results indicate response was often overesti-
mated by both FDG-PET/CT and CECT.

The results for detection of pCR were surpris-
ing. Low sensitivity of FDG-PET/CT and especially
CECT indicated that pCR was often missed. Possi-
ble explanations may be that CECT cannot accurately
distinguish between benign changes (e.g. fibrosis due
to NAIC) and viable tumor, and that FDG-PET/CT
may overlook pCR by misinterpreting urinary FDG
as residual viable tumor. Hence, response evaluation
with FDG-PET/CT proved not more accurate than
CECT due to its inherent limitations.

In clinical practice, especially assessment of
response in lymph nodes will guide patient manage-
ment. In the induction setting, accurate assessment of
(non-)response in LNs may not only reduce overtreat-
ment from NAIC but from futile RC as well. We
hypothesized that FDG-PET/CT would predict LN-
response more accurately than CECT. However, in
separate analyses for accuracy of LN-response and
the induction setting, we found that FDG-PET/CT
did not perform better than CECT. Low specificity
and positive predictive value for complete response
indicate that nodal response was often overestimated.
Importantly, low sensitivity for progression indi-
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cates lymph node progression was often missed by
both imaging modalities, suggesting neither are suf-
ficiently accurate to guide patient management in
the induction setting. A possible explanation may
be that new micro-metastases (≤10 mm) remained
undetected by both CECT and FDG-PET/CT.

Limited evidence is available on response assess-
ment methods for MIBC [17–21]. Our prospective
study confirmed previous findings that sensitivity of
FDG-PET/CT for response evaluation is relatively
high, although comparison is not straightforward
because study-designs are heterogeneous in factors
affecting accuracy, such as timing of evaluation (on-
or post treatment) and evaluated lesions (tumor-only,
LNs-only, both). This may explain the wide range for
both sensitivity and specificity. Moreover, compari-
son to CECT is lacking in all but one (Mertens et al.
[21]) of the five previous studies.

Finally, the timing of response assessment remains
subject of debate. Currently, no reliable pretreat-
ment radiological- or biomarkers are recommended
to predict response to NAIC in clinical practice. On-
treatment response assessment with FDG-PET/CT
often yields more false-positive results, which may be
caused by a transient decrease of metabolic activity
in the tumor (‘stunning’) shortly after chemotherapy
[27]. Fransen van de Putte et al. evaluated FDG-
PET/CT for post-treatment assessment of response
to NAIC and found higher specificity for detection
of any down-staging from baseline (75% vs 32%)
[18]. While post-treatment assessment could increase
specificity of FDG-PET/CT, it should be considered
that non-responders would still be exposed to the
full chemotherapy regimen and subsequent risk of
toxicity.

Our results should be interpreted bearing some lim-
itations in mind. To an extent, the distorting effect of
urinary FDG can be mitigated by use of a delayed pro-
tocol, which was not used in all patients in this study
(Table 2). Staging inaccuracy, especially of nodal
status, could also influence the results of response
evaluation. In addition, results for FDG-PET/CT and
CECT should be compared with caution, as not all
patients also underwent response-CECT. A further
limitation to our study is that we were not able to
capture all patients who received NAIC due to the
pre-specified criteria of our protocol (Supplementary
Materials), e.g. in case patients had undergone pri-
mary staging in another center. Important strengths of
this study are its prospective nature and the relatively
large cohort. Furthermore, results for FDG-PET/CT
were compared to CECT.

CONCLUSIONS

In the present prospective study, routine FDG-
PET/CT was not more accurate than CECT for
prediction of response to NAIC and response was
often overestimated by both imaging modalities. Our
findings indicate that standard use of FDG-PET/CT
has insufficient predictive power to aid in response
assessment.
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