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ABSTRACT         ARTICLE INFO______________________________________________________________     ______________________

Purpose: To evaluate Lipiodol as a liquid, radio-opaque fiducial marker for image-
-guided radiation therapy (IGRT) for bladder cancer.
Materials and Methods: Between 2011 and 2012, 5 clinical T2a-T3b N0 M0 stage II-III 
bladder cancer patients were treated with maximal transurethral resection of a bladder 
tumor (TURBT) and image-guided radiation therapy (IGRT) to 64.8 Gy in 36 fractions 
± concurrent weekly cisplatin-based or gemcitabine chemotherapy. Ten to 15mL Lipio-
dol, using 0.5mL per injection, was injected into bladder submucosa circumferentially 
around the entire periphery of the tumor bed immediately following maximal TURBT. 
The authors looked at inter-observer variability regarding the size and location of the 
tumor bed (CTVboost) on computed tomography scans with versus without Lipiodol.
Results: Median follow-up was 18 months. Lipiodol was visible on every orthogonal 
two-dimensional kV portal image throughout the entire, 7-week course of IGRT. There 
was a trend towards improved inter-observer agreement on the CTVboost with Lipiodol (p 
= 0.06). In 2 of 5 patients, the tumor bed based upon Lipiodol extended outside a plan-
ning target volume that would have been treated with a radiation boost based upon a 
cystoscopy report and an enhanced computed tomography (CT) scan for staging. There 
was no toxicity attributable to Lipiodol.
Conclusions: Lipiodol constitutes a safe and effective fiducial marker that an urologist 
can use to demarcate a tumor bed immediately following maximal TURBT. Lipiodol 
decreases inter-observer variability in the definition of the extent and location of a 
tumor bed on a treatment planning CT scan for a radiation boost.
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INTRODUCTION

Maximal transurethral resection of a bla-
dder tumor (TURBT) followed by external beam 
radiation therapy with concurrent chemotherapy 
constitutes a bladder-sparing treatment option for 
muscle-invasive bladder cancer. In terms of the 

radiation therapy, patients are typically treated to 
the whole bladder to 39.6-45.0 Gy followed by a 
boost to the tumor bed to a cumulative dose of 
64.8-66.0 Gy using 1.8-2.0-Gy daily. In general, 
a bladder-sparing approach is performed in pa-
tients who are medically inoperable or elect not to 
undergo surgery. Reports show 47-87% complete 
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response rates with bladder-sparing treatment (1). 
Three-year to 5-year survival rates with an intact 
bladder have ranged from 37% to 66% (1).

 Lipiodol (Lipiodol® Ultra-Fluide, Guerbet 
LLC, Bloomington, IN) consists of ethyl esters of 
iodized fatty acids of poppy seed oil. Lipiodol was 
the first iodinated contrast agent and has been in 
use since 1926. Possible side effects of Lipiodol 
include an allergic reaction, transient fever during 
the first few hours following injection, nausea, 
vomiting, or diarrhea.

 Lipiodol may be injected into bladder sub-
mucosa circumferentially around the periphery of 
a tumor bed. The purpose of Lipiodol is to demar-
cate the tumor bed on a computed tomography 
(CT) scan to help with the planning of a radiation 
boost to part of the bladder.

 Several groups have shown a high reten-
tion rate of Lipiodol in the bladder wall throu-
ghout a 6-week to 7-week course of radiotherapy 
and the feasibility of using Lipiodol as a radio-
-opaque fiducial marker at sites throughout the 
bladder (2-5). Since Lipiodol is a liquid, it moves 
with bladder expansion and contraction. In con-
trast, Hulshof et al. (6) reported that half of the 
solid fiducial markers were lost a median of 11.5 
days after implantation. Moreover, Mangar et al. 
(7) were not able to place gold fiducial seeds in the 
dome of the bladder.

 A radiation oncologist normally creates a 
clinical target volume for a radiation boost (CTV-

boost) based upon information including a cystosco-
py report and an enhanced CT scan of the pelvis 
that was obtained for staging (8). Jenkins et al. (9) 
have recommended that the CTVboost should inclu-
de the tumor bed plus a 10-mm margin in patients 
with radiological evidence of extravesical disease. 
In patients with no evidence of extravesical dise-
ase, they have suggested that the CTVboost should 
include the tumor bed plus a 6-mm margin. Based 
upon these recommendations, the CTVboost would 
encompass microscopic disease extension in 90% 
of cases.

 According to the Radiation Therapy On-
cology Group, one may create a planning target 
volume for a radiation boost, PTVboost, by adding 
a 20-mm margin on a tumor bed, assuming that 
Lipiodol was not used in order to help define the 

tumor bed. This margin accounts for factors such 
as daily setup error and variation in the position 
of the tumor bed based upon bladder and rectal 
filling (10,11).

MATERIALS AND METhODS

Patients
 After obtaining institutional review board 

approval to prospectively study Lipiodol, the au-
thors reviewed the medical records of all 5 blad-
der cancer patients who had undergone Lipiodol-
-based image-guided radiation therapy (IGRT) at 
their center between January 1, 2011 and June 30, 
2012. All patients had high grade, clinical T2a-
-T3b N0 M0 stage II-III urothelial carcinomas. Pa-
tients with thyroid disease or a history of iodine 
allergy did not receive Lipiodol.

Lipiodol demarcation of the tumor bed
 Lipiodol demarcation of the tumor bed was 

performed under general anesthesia immediately 
following maximal TURBT. Patients underwent ri-
gid cystoscopy with a 22 French cystoscope by 
an experienced urologist. There was no difficulty 
accessing any site within the bladder, including 
the dome or trigone, with a rigid cystoscope. A 
23-gage Chiba-tip needle with a retractable, flexi-
ble sheath (Injekt Cysto Flexible Injection Need-
le, Cook Medical, Inc., Bloomington, IN) to protect 
the cystoscope was inserted through the working 
canal to the tip of the cystoscope. Lipiodol, 0.5mL 
per injection, was placed into bladder submuco-
sa 2-3mm from the resection margin in order to 
outline the entire periphery of the tumor bed. A 
cumulative total of 10-15mL Lipiodol was used, 
depending on the size of the tumor bed. Roughly 
20-30 separate injections were usually adminis-
tered to demarcate the tumor bed. Fluoroscopic 
guidance helped to ensure that demarcation of the 
tumor bed was complete.

Bladder-sparing treatment
 All 5 patients underwent maximal TURBT 

followed a median of 3 weeks later by intensity 
modulated radiation therapy (IMRT)/IGRT. IMRT 
was delivered in order to minimize radiation doses 
to the recto-sigmoid colon (1). Patients underwent 
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IMRT to the whole bladder (clinical target volu-
me) plus a 20-mm margin, which represented the 
planning target volume (PTV), to 39.6 Gy in 22 
fractions over 4½ weeks. Patients were instructed 
to have an empty bladder for IMRT to the whole 
bladder. Patients then underwent an IMRT boost 
to part of their bladder to a cumulative total dose 
of 64.8 Gy in 36 fractions over approximately 7 
weeks. The tumor bed that had been defined with 
the help of Lipiodol plus a 15-mm margin consti-
tuted the PTVboost. Patients were instructed to have 
a full bladder for the IMRT boost. There was no 
break between the whole bladder and partial bla-
dder irradiation. Prior to each radiotherapy frac-
tion, anterior and right lateral kV portal images 
were obtained to set the patient up for IGRT. Four 
patients received weekly cisplatin-based or gemci-
tabine chemotherapy concurrently with the IMRT. 
One patient with a poor performance status due to 
multiple co-morbidities including angina pectoris 
underwent IGRT without chemotherapy.

Statistics

 Three radiation oncologists at our center 
created a CTVboost on a CT scan that had been ob-
tained to plan a radiation boost for 2 paired study 
groups wherein each patient served as a matched 
control: 1) a no-Lipiodol group, where the CTV-

boost was based only on a cystoscopy report and 
an enhanced CT scan of the pelvis that had been 
obtained pre-Lipiodol for staging, i.e., Lipiodol on 
the CT scan was ignored; and 2) a Lipiodol group, 
where the CTVboost was also based on Lipiodol.

 We assessed inter-observer variability in 
demarcation of the tumor bed by 3 different ra-
diation oncologists based on mean percent volu-
me overlap (PVO) of CTVboost. A similar approach 
has been used to examine the impact of fiducial 
markers on inter-observer variability in terms of 
demarcation of a lumpectomy bed on radiothe-
rapy treatment planning CT scans in breast can-
cer patients (12,13). PVOs of the CTVboost between 
Radiation Oncologists 1 and 2, Radiation Oncolo-
gists 1 and 3, and Radiation Oncologists 2 and 3 
were obtained and then averaged. The mathematic 
formulation of this is mean ((V1∩V2)/(V1∪V2), 
((V1∩V3)/(V1∪V3), ((V2∩V3)/(V2∪V3)). A mean 

value for the PVO was calculated for each patient. 
A Wilcoxon signed-rank test was used to compare 
the PVOs between groups.

 We calculated means and standard devia-
tions for the left-right (LR), cranial-caudal (CC), 
and anterior-posterior (AP) patient shifts to ac-
count for inter-fraction bladder motion (2,5).

Assessment of toxicity
The Common Terminology Criteria for Ad-

verse Events (CTCAE) version 4.0 grading scheme 
was used to evaluate the severity of urinary and gas-
trointestinal toxicity due bladder-sparing therapy.

RESULTS

 Median follow up was 18 months. Median 
age at diagnosis was 56 years (range, 39 - 65 ye-
ars). There was one biopsy-proven local relapse 
in the tumor bed. To date, one patient has died of 
metastatic disease, one patient is alive with me-
tastatic disease, and 3 patients are alive without 
evidence of disease.

 Lipiodol diffused throughout the tumor 
bed. Lipiodol was visible on every digitally re-
constructed radiograph (Figure 1-A) and every kV 
image (Figure 1-B) throughout the entire, 7-week 
course of IGRT. There were no adverse events as-
sociated with Lipiodol injections. In terms of tre-
atment-related toxicity, one patient experienced 
CTCAE version 4.0 acute grade 2 bladder spasms 
that responded to antispasmodics (Table-1). There 
was no acute grade ≥ 3 toxicity or chronic grade ≥ 
2 toxicity.

 Mean daily patient shifts are presented in 
Table-2. There was a mean ± standard deviation 
absolute shift of 2 ± 2mm in the LR direction, 4 ± 
3mm in the CC direction, and 2 ± 2mm in the AP 
direction. There was a maximum shift of 14 mm 
in the CC direction in one patient. Shifts greater 
than 5 mm were made in 4% (LR), 27% (CC), and 
8% (AP) of the total number of daily radiotherapy 
fractions for all patients.

 Figure-2 shows the CTVboost with versus 
without Lipiodol. Lipiodol made it easier to define 
the extent and location of the tumor bed on a tre-
atment planning CT scan for the radiation boost. 
The mean PVO was 53% with Lipiodol versus 39% 
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without Lipiodol (Table-3; p = 0.06). In two of 5 
(40%) patients, the CTVboost based upon Lipiodol 
extended outside a planning target volume that 
would have been treated with a radiation boost 
based upon cystoscopy reports and enhanced CT 
scans for staging.

DISCUSSION

 The European Association of Urology re-
commends either an enhanced CT scan or magne-
tic resonance imaging scan for staging of muscle-
-invasive bladder cancer (14). Radiation therapy 

for bladder cancer is commonly planned using an 
enhanced CT scan of the pelvis.

 Bladder cancer is an excellent candidate 
for IGRT because of substantial motion of the tu-
mor bed during a 6-7 week course of radiothera-
py. In this study, bladder motion was most pro-
nounced in the CC dimension (Table-2). Similarly, 
Meijer et al. (15) found that bladder cancer set up 
uncertainties varied by direction with the CC di-
mension having the largest variation. Cranial mo-
vement was greater than caudal movement. Also, 
Fokdal et al. (10) found that bladder movement 
was most pronounced in the CC direction. Filling 
volumes of the bladder and rectum had a large 
impact on bladder movement.

 Various studies have examined bladder 
motion and made recommendations regarding 
margins on a tumor bed for a PTVboost. Several 
groups (4,15,16) have suggested that one should 
provide a 20-25-mm margin on a tumor bed in 
order to create a PTVboost when no Lipiodol is used 
to help demarcate the tumor bed. In contrast, Son-
dergaard et al. (5) have suggested that one only 
needs a 10-15-mm margin on a tumor bed in or-
der to accurately define a PTVboost when Lipiodol is 
used to help define the extent and location of the 
tumor bed. Furthermore, van Rooijen et al. (17) re-
commend only a 5-mm margin on a tumor bed in 
order to create a PTVboost when Lipiodol is used. In 

Figure 1A - Digitally reconstructed radiograph (anterior 
view) showing Lipiodol contrast demarcating the tumor bed 
in the anterior and right lateral walls of the bladder.

Figure 1B - kV image (anterior view) showing Lipiodol 
contrast in the tumor bed in the anterior and right lateral 
bladder walls.

Table 1 - Common Terminology Criteria for Adverse Events 
version 4.0 acute urinary and gastrointestinal toxicity due to 
bladder-sparing treatment.

Adverse Event Grade 1 Grade 2

Fatigue 100% 0%

Cystitis, noninfectious 100% 0%

Diarrhea 60% 0%

Urinary incontinence 40% 0%

Hemorrhoids 20% 0%

Bladder spasms 0% 20%
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this study, the data were exponentially distributed. 
As a result, the mathematical formula to capture 
95% of patient shifts in a margin on a tumor bed 
would be: margin = mean x ln 20. Based on the 
data in Table-2, the recommended margins on a 
tumor bed in order to create a PTVboost when Lipio-

dol is used would be: LR = 6mm, CC = 12mm, and 
AP = 6mm.

Daily imaging for bladder cancer typically 
involves the acquisition of two-dimensional kV 
portal images or three-dimensional volumetric cone 
beam CT (CBCT) scans. IGRT is based simply upon 

Table 2 - Daily patient shifts (mm) using Lipiodol for IGRT.

A. All patients

Mean Standard deviation Minimum Maximum

LR shift 2 2 0 7

CC shift 4 3 0 14

AP shift 2 2 0 9

B. Each individual patient

Mean Standard deviation Minimum Maximum

Patient 1:

LR shift 3 1 0 5

CC shift 2 2 0 7

AP shift 3 2 0 9

Patient 2:

LR shift 1 1 0 4

CC shift 10 2 6 14

AP shift 3 2 1 7

Patient 3:

LR shift 3 2 0 7

CC shift 4 2 0 8

AP shift 2 1 0 4

Patient 4:

LR shift 2 2 0 7

CC shift 4 2 0 10

AP shift 2 2 0 7

Patient 5:

LR shift 2 1 0 6

CC shift 2 1 0 4

AP shift 1 1 0 5
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bony structures in many radiation oncology de-
partments. However, IGRT based upon bony struc-
tures does not take the substantial daily inter-
-fraction motion of the bladder into account.

 In contrast to the approach taken in Den-
mark where 3-5 Lipiodol spots with a mean volu-
me of 0.7cc were typically used to define the pe-
riphery of the tumor bed (2-5), Lipiodol was used 
to demarcate the entire tumor bed in this study. 
In this report, Lipiodol was visible on every di-
gitally reconstructed radiograph (Figure-1A) and 
every kV image (Figure-1B) throughout the entire, 
7-week course of IGRT. Similarly, in the study by 
Chai et al. (2), 34/37 (92%) Lipiodol deposits that 
were seen on digitally reconstructed radiographs 
remained visible on images throughout IGRT. Pos 
et al. (4) observed that there was a gradual loss 
of volume of the Lipiodol spots (“washout”) over 
time; however, all of the Lipiodol spots that were 
present on digitally reconstructed radiographs re-
mained visible throughout radiation therapy. Si-
milarly, Sondergaard et al. (5) observed a relative 
loss of 24% in Lipiodol volumes during a 6-week 
course of radiotherapy. Although there was Lipio-
dol washout, all Lipiodol spots remained visible 
throughout radiotherapy.

 Reliable tumor bed demarcation on a tre-
atment planning CT scan without Lipiodol is chal-
lenging. In many cases, a cystoscopy report and 
CT scan for staging do not allow a radiation on-

Table 3 - Mean percent volume overlap of CTVboost with versus without Lipiodol.

Patient # Mean Percent Volume Overlap of 
CTVboost with Lipiodol

Mean Percent Volume Overlap of CTVboost 
without Lipiodol

P-Value for Patients 
1-5

1 58% 35% 0.06

2 72% 55%

3 56% 46%

4 28% 14%

5 51% 45%

Mean: 53% 39%

Figure 2 - Axial (A), sagittal (B) and coronal (C) views from 
a CT scan that was obtained to plan a radiation boost. 
The CT scan was obtained after Lipiodol had been used to 
demarcate the tumor bed. The contour with a dark border 
represents the tumor bed for a radiation boost based upon 
a cystoscopy report and an enhanced CT scan that had 
been obtained for staging prior to Lipiodol injection. The 
contour with a white border represents the tumor bed for a 
radiation boost based upon Lipiodol contrast as well. Note 
that Lipiodol contrast extends outside of a tumor bed based 
upon a cystoscopy report and an enhanced CT scan that had 
been obtained for staging.
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cologist to later accurately contour the tumor bed 
on a radiotherapy treatment planning CT scan. A 
preferred approach is for an urologist to visualize 
the tumor bed at the time of cystoscopy and to de-
marcate the tumor bed with Lipiodol immediately 
following maximal TURBT. In this report, Lipio-
dol helped to reduce inter-observer variability re-
garding the extent and location of the tumor bed 
on a treatment planning CT scan for a radiation 
boost (Table-3). In 40% of patients in this study, 
the CTVboost based upon Lipiodol extended outside 
of a PTVboost that would have been treated based 
upon cystoscopy reports and enhanced CT scans 
without Lipiodol. Similarly, Pos et al. (4) reported 
that quite often the extent, or sometimes even the 
location, of Lipiodol spots was different from what 
the radiation oncologists would have contoured 
based upon cystoscopy reports and CT scans wi-
thout Lipiodol.

 In accordance with reports by others 
(4,15), Lipiodol injections were well-tolerated in 
this study. There were no adverse events due to 
Lipiodol injections.

 The main strength of this study is that it 
is the first one to look at inter-observer variabi-
lity regarding the extent and location of the tu-
mor bed on CT scans with versus without Lipiodol 
(Table-3). The main weakness of this study is its 
small sample size. This was due to the infrequent 
utilization of bladder-sparing therapy at our re-
ferral center due to patient treatment preference. 
Another weakness is that intra-fraction movement 
of the bladder was not assessed in this study.

CONCLUSIONS

 Bladder motion between daily radiothera-
py treatments occurs primarily in the CC dimen-
sion and is substantial. Lipiodol constitutes a safe 
and effective fiducial marker that helps one to de-
fine the extent and location of a tumor bed for a 
radiation boost. Consequently, Lipiodol may lead 
to better local control and progression-free survi-
val through more accurate targeting of the tumor 
bed with radiotherapy. We recommend that future 
prospective trials involving radiotherapy for mus-
cle-invasive bladder cancer should include Lipio-
dol as a fiducial marker to not only corroborate its 

safety but also to assess its potential to improve 
local control and progression-free survival.

ABBREVIATIONS

AP = Anterior-posterior
CC = Cranial-caudal
CTVboost = Clinical target volume for a radiation 
boost
CTCAE = Common Terminology Criteria for Ad-
verse Events
CT = Computed tomography
Gy = Gray
IGRT = Image-guided radiation therapy
IMRT = Intensity modulated radiation therapy
LR = left-right
TURBT = Maximal transurethral resection of a 
bladder tumor
PVO = Percent volume overlap
PTVboost planning target volume for a radiation 
boost 
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