
Abstract. Background/Aim: In clinical practice, platinum-
based systemic chemotherapy works to shrink pelvic lymph
nodes. Intra-arterial (IA) bolus infusion may result in more
favorable results than systemic chemotherapy. In the present
study, we investigated the distribution of cisplatin
administrated by IA infusion in varying organs, specifically
focusing on the node tissue, in comparison with the intra-
venous (IV) route. Materials and Methods: Under anesthesia,
cisplatin 0.42 mg/body was administrated by IA or IV infusion
in rats to mimic a balloon-occluded arterial infusion model
used in clinical practice. The kidney, bladder, lymphatic tissue,
and peripheral blood were extracted to analyze the amount of
cisplatin by inductively coupled plasma-mass spectrometry.
Results: Concertation of cisplatin by IA infusion was higher
than that by the IV route in the peripheral blood and kidney.
IA infusion led to a significantly high concentration of
cisplatin in the bladder compared to IV infusion (1.3±0.452
vs. 0.2 ppb/mg ± 0.055, p=0.050). Furthermore, the IA method
led to an extremely high concentration of cisplatin in the

lymphatic tissue compared to the IV method (0.1±0.036 vs.
13.3±5.36, p=0.048). Conclusion: High cisplatin
accumulation in the lymphatic tissue and bladder by IA
administration may have a potential role for treating patients
with node-positive bladder cancer. 

The last few years have seen significant advancements in the
treatment of patients with non-metastatic urothelial bladder
carcinoma (nmUBC), given the use of immunological
checkpoint inhibitors in the adjuvant setting (1). However,
an unmet need still remains for patients who are ineligible
for cystectomy. There is currently a lack of novel therapies
in these settings, and these patients receive trans-urethral
resection of the bladder tumor (TURBT) alone or in
combination with chemo-radiation therapy. 

All current guidelines for the treatment of nmUBC suggest
that radical cystectomy (RC) should be considered as the
standard of care in patients who are eligible for surgery.
Although surgery remains the standard treatment for
nmUBC, bladder-preserving trimodal treatment, including
TURBT, radiation, and chemotherapy, offer an alternative
conservative option for selected patients who are potential
candidates for cystectomy with similar survival rates and
high rates of local control (2-7). Lymph node involvement is
a poor prognostic factor (8, 9). Only 30% of node-positive
nmUBC patients survive 3 years following RC and bilateral
pelvic lymph node dissection (8, 9). Adding chemotherapy
to RC has demonstrated improved survival outcomes for
node-positive bladder cancer, with pathologic remission to
pT0N0 after NAC associated with a 5-year overall survival
rate of 85% (10).
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Usually, chemotherapy is administrated intra-venously.
Although not widely adopted in routine clinical practice, the
administration route paradigm remains critical for the
advancement of nmUBC therapy. In our clinical center
experience, intra-arterial (IA) infusion of combination
chemotherapy regimen has been found to be effective for
treating patients with node-positive muscle-invasive bladder
cancer (11). It is an attractive setting to test novel and effective
administration routes for patients with positive nodes, because
it provides pharmacodynamic endpoints in the subsequent
cystectomy specimen as well as a rapid readout with respect
to treatment response. In addition, the adoption of IA
chemotherapy could be favored if we were able to predict
which patients with lymph node metastases are likely to
respond to the therapy. Currently, there is a hesitancy to treat
patients via the IA route because uncommon adverse events
could occur. The identification of active drug distribution by
IA route that predicts organ response to chemotherapy may
increase the use of IA aiming for bladder preservation or total
cystectomy plus lymphadenopathy with curative intent.
However, controversy persists about whether cisplatin could
reach lymph-nodes or lymphatic tissue by IA infusion. In this
study, we compared cisplatin concentration in relation to these
two administration routes in an animal model.

Materials and Methods
Rat model for intra-arterial infusion. Wistar rats (body weight 160-300
g) were used. All animal maintenance and experiments were performed
according to institutional guidelines established by the Animal Core
Facility at OMPU. The rats were anesthetized with intraperitoneal (i.p.)
pentobarbital. After exposure of the descending abdominal artery
through a lower abdominal incision, the animals were infused with
cisplatin by the IA route (12 rats) or IV route (12 rats). At the end of
the drug infusion, the animals were sacrificed by physical euthanasia
by applying pressure to the neck and dislocating the spinal column
from the skull. The kidney, lymphatic tissue, bladder, and circulating
blood sampled by cardiac left ventricle puncture of each rat were
collected. The drug accumulated in the lumen of the kidney vessels was
cleared out by infusing a saline solution both via the renal artery and
renal vein for 60 seconds and parenchymal organs were minced. Tissue
samples were frozen at –70˚C and kept on dry-ice until use. Tissue
levels of cisplatin and its metabolites were measured using inductively
coupled plasma mass spectrometry (ICP-MS), which is a type of mass
spectrometry that uses an inductively coupled plasma to ionize the
sample. It atomizes the sample and creates atomic and small polyatomic
ions, which are then detected.

Clinical data of patients with bladder cancer treated by intra-
arterial infusion. The dataset includes survival data, clinic-
pathological records of patients diagnosed with bladder cancer with
lymph node metastases treated by bladder preservation regimens,
which include IA cisplatin transfusion. The patients included had
one or more radiologically measurable lymph node metastatic sites
according to the Response Evaluation Criteria in Solid Tumors
(RECIST) version 1.1 guidelines (defined as a measurable lesion of
≥10 mm on spiral computed tomography) (12).

Statistical analyses. Statistical analysis was done using GraphPad
Prism Software (Graphpad, San Diego, CA, USA). For in vivo
xenograft data, one-way ANOVA was performed, and unpaired t
tests with the two-tailed p-value were used to evaluate the
differences between each drug concentration and control groups.
Statistical significance was set at p<0.05.

Results
Drug accumulation in each sample organ. When the IV route
of administration was used, the uptake of cisplatin in the bladder
and lymphatic tissue was very low (0.2 ppb/mg±0.055 and
0.1±0.036, respectively), whereas the accumulation of cisplatin
was significantly more substantial with 1.3±0.452 (p=0.050)
and 13.3±5.36 (p=0.048), respectively. Cisplatin was also
distributed preferentially in the circulating blood and kidney by
the IV route (Figure 1 and Figure 2). Administration via the IA
route largely increased the concentration of drugs in the pelvic
organs. Accumulation of cisplatin by the IA route was increased
by 6.5 times in the bladder and 133 times in the lymphatic
tissue compared to the levels obtained with the IV route. It is
noteworthy that although cisplatin administrated by the IA route
exhibited higher level concentration in the blood and kidney
than that measured in pelvic organs, drug accumulation was still
at lower levels than those after IV injection.

Clinical results of patients with node metastases treated with
cisplatin via the IA route. A total of 73 patients were enrolled
in the analysis. The median age of all patients was 64 years
(95%CI=61-67 years). Baseline characteristics of the entire
study population are summarized in Table I. All patients had
pure urothelial transitional carcinoma. Eight patents with N1,
19 with N2, and 46 with N3 were included (Figure 3). Forty-
four patients achieved CR, 4 had PR, 7 had SD, 6 had PD,
and the remaining 12 experienced recurrence after CR. The
total objective response rate (ORR; defined as the proportion
of patients with CR and PR) was 65.8% (Figure 4).    

Discussion

We developed a new rabbit cisplatin IA administration model
using a catheter infusion to investigate the pharmacokinetics
of drug delivery to the extremity. The drug uptake in pelvic
organs was higher after IA administration than after IV
infusion, but not in the circulating blood and kidney. It is
widely known that the main organ of excretion of platinum
is the kidney and drug-induced renal toxicity is the limiting
factor for dosage. The IA administration of cisplatin could
be considered less toxic compared with IV infusion
considering the lower renal tissue concentration after the
former compared with the latter. The amount of cisplatin in
the circulating blood showed no difference between IV and
IA administration. This could be explained by the time-
dependent distribution of cisplatin. 
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For patients with lymph node metastases, lymph node
dissection is an essential component of RC for bladder cancer.
Lymph node positive status usually makes the survival data
heterogenous, because the extent of node dissection is not

defined. A retrospective study showed that approximately 25-
30% of nmUBC patients undergoing RC presented with lymph
node positive after pathologic examination (13). In a European
large cohort of 1,381 patients with muscle invasive bladder
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Figure 1. Uptake of cisplatin in the circulating blood and kidney, immediately after administration via the intraarterial or intravenous route. 

Figure 2. Uptake of cisplatin in the bladder and lymphatic tissue, immediately after administration via the intra-arterial or intra-venous route. 



cancer with 1 or 2 positive nodes, 5-year OS was 74% and 38%
for pT stage ≤2 and pT stage ≥3 (14). Patients with at least 3
positive nodes show a dismal prognosis of 13% regardless of
the pT stage, underlining the importance of node number for
patient survival (14). A trend towards a larger benefit from

adjuvant or neoadjuvant chemotherapy in node-positive bladder
cancer has been observed in randomized controlled trials;
however, which patients benefit from this approach remains
unknown. Therefore, focusing on the distribution of
chemotherapy via a different administration route is reasonable.
Almost all chemotherapy regimens are administrated via IV
infusion to treat node metastases and has been shown to be
effective. In the latest propensity matched cohort analysis
including 281 patients, to test the value of adjuvant
chemotherapy in node-positive bladder cancer, patients with
bladder cancer with pT any and 3 or greater positive nodes were
found to have a significant benefit from chemotherapy in terms
of OS (HR=0.51) (14). In the present study, we investigated
whether neoadjuvant chemoradiation therapy via the IA route
could reduce the viable cells in metastatic nodes. To this end,
the rate of CR was analyzed in relation to clinical node-positive
status in advanced bladder cancer patients. For our patients
treated with IA chemotherapy, CR was achieved in 60.3% of
the cases. This rate is much larger than that reported by other
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Figure 4. Objective response rates were evaluated using standard bi-
dimensional measurements. CR: Complete response; PD: progressive
disease; SD: stable disease; PR: partial response.

Figure 3. Distribution of patients stratified by node metastases.

Table I. Baseline characteristics of the entire study population are
summarized.

                                                                  Number                     Percent
                                                                       

Sex
  Female                                                          16                         21.90%
  Male                                                              57                         78.10%
Age (mean, median, 95% lower          64.1, 64, 61-67
CI - 95% upper CI)

T stage
  T1                                                                    3                           4.10%
  T2                                                                  24                         32.90%
  T3                                                                  25                         34.20%
  T4                                                                  20                         27.40%
  CIS only                                                         1                           1.40%
  Unknown                                                        0                           0.00%
Grade
  Low                                                                 5                           6.80%
  High                                                              67                         91.80%
  Unknown                                                        1                           1.40%

CI: Confidence interval; CIS: carcinoma in situ.



papers using the IV route (15). Ghodoussipour et al.
Investigated the effect of neoadjuvant chemotherapy in
clinically node positive muscle invasive bladder cancer, along
with the radiologic response of the nodes (15). Complete nodal
response by pathological review occurred in 40.8% of patients,
post-chemotherapy, whose median OS and recurrence-free
survival were significantly longer than those with viable cells
in the nodes (1.9 years vs. 12.8 years, p=0.016 and 1.2 years
vs. 4.3 years, p=0.013, respectively) (15). They found that each
1 mm decrease in the size of the largest node on a post-
chemotherapy computed tomography scan, decreased the
chance of having viable cells by 1.57 times (15).

IA administration of active drugs is more advantageous for
patients even with clinical lymph-node metastases in terms of
achieving high drug concentration and minor systemic toxicity
than the IV route. The present study suggests examining the
pharmacological advantages of bladder arterial infusion of
more recently developed drugs aiming to more qualified
bladder preservation and improved patients’ survival.
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