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Abstract

Background: Dose-dense methotrexate, vinblastine, doxorubicin, and cisplatin (dd-MVAC) regimen has been established as a systemic
chemotherapy for patients with urothelial carcinoma. However, it is rarely used in Japan owing to the challenges associated with managing
the related adverse events. This study aimed to optimize the dd-MVAC protocol for Japanese patients.

Methods: Criteria were developed to adjust the doses of anticancer drugs used in dd-MVAC. In this regimen, the initial cycle of methotrexate
and cisplatin was administered at 75% of the full dose. Patients who did not experience significant toxicities during the first cycle subsequently
received the full dose starting from the second cycle. Additionally, the doses of methotrexate and cisplatin were adjusted according to the
Cockcroft-Gault creatinine clearance. Based on these criteria, patients with urothelial carcinoma underwent dd-MVAC between August 2018 and
May 2023, and all patients were scheduled to undergo six cycles.

Results: A total of 86 patients received dd-MVAC, with 36, 15, and 35 patients receiving it as neoadjuvant, adjuvant, and salvage chemotherapy,
respectively. Fifty-nine patients (68.6%) completed the six scheduled cycles. Grade > 3 toxicities of Common Terminology Criteria for Adverse
Events were observed in 76 (88.4%) patients; however, most were manageable. In the neoadjuvant cohort, the pathological complete response
rate was 52.2% among patients with clinical NO lower tract urothelial carcinoma. High levels of alkaline phosphatase at the initiation of treatment
were correlated with failure to complete six cycles of dd-MVAC.

Conclusion: Adjusting the dd-MVAC regimen based on renal function and significant adverse events may result in a high completion rate of
scheduled treatments in Japanese patients with urothelial carcinoma.

Keywords: dose-dense MVAC; urothelial carcinoma; Japanese patients; treatment completion rate

Introduction local control, extended overall survival, and progression-free

Dose-dense methotrexate, vinblastine, doxorubicin, and cis-
platin (dd-MVAC) is an established regimen for systemic
chemotherapy in urothelial carcinoma, with intensified treat-
ment through a 2-week cycle in association with prophylactic
granulocyte colony-stimulating factor (G-CSF) administration
compared with the conventional 4-week cycle of MVAC.
In 2001, Sternberg et al. demonstrated that dd-MVAC pro-
longs overall survival compared with conventional MVAC
in advanced urothelial carcinoma [1, 2]. Furthermore, the
2022 VESPER trial revealed that dd-MVAC provided better

survival than gemcitabine and cisplatin (GC) therapy in peri-
operative chemotherapy for muscle-invasive bladder cancer
[3, 4]. Consequently, dd-MVAC is recommended as the first-
line regimen for primary chemotherapy in advanced urothe-
lial carcinoma and perioperative chemotherapy for muscle-
invasive bladder cancer according to the European Associa-
tion of Urology (EAU) and National Comprehensive Cancer
Network (NCCN) guidelines [3, 6].

However, in terms of adverse events (AEs), dd-MVAC
with G-CSF support showed lower rates of leukopenia
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Figure 1. Treatment schedule of dd-MVAC. Dd-MVAC = dose-dense methotrexate, vinblastine, doxorubicin, and cisplatin.

and febrile neutropenia than conventional MVAC [2], but
higher incidences of anemia, asthenia, and gastrointestinal
symptoms than GC [3]. In particular, Japanese patients, who
are generally less robust than the Western patients, experience
more AEs with conventional MVAC [7, 8]; thus, dd-MVAC
acceptance has been limited and it is rarely used in Japan
[9, 10]. Nevertheless, given the superior efficacy of dd-MVAC
as demonstrated in the VESPER trial, promoting its use in
Japanese patients is of utmost priority.

This study aimed to optimize the dd-MVAC protocol in
Japanese patients by adjusting drug dosages based on eval-
uation of specific criteria.

Patients and methods
Patients

This retrospective study included patients with urothelial
carcinoma treated with dd-MVAC at the University of Tokyo
Hospital and Teikyo University Hospital between August
2018 and May 2023. The study was approved by the Insti-
tutional Review Boards of the Graduate School of Medicine
and Faculty of Medicine, The University of Tokyo (approval
number: 2024246NI), as well as that of Teikyo University
School of Medicine. Informed consent was obtained using the
opt-out approach.

Protocol of dd-MVAC

The chemotherapy schedule was as follows: methotrexate
30 mg/m? on day 1, vinblastine 3 mg/m? on day 2, doxoru-
bicin (or pirarubicin for some patients) 30 mg/m? on day
2, cisplatin 70 mg/m? on day 2, and pegfilgrastim 3.6 mg/-
body on day 4, administered every 2 weeks for a total of
six cycles (Fig.1). However, AEs such as gastrointestinal
symptoms often necessitated the termination of treatment in
several patients after the first cycle of full dose administration
(data not shown). Consequently, a dose reduction protocol
was established, wherein the first cycle of methotrexate and
cisplatin was administered at 75% of the full dose. Only
patients who did not experience significant AEs in the first
cycle then proceeded with the full dose from the second
cycle onward (Fig. 2). Following the criteria established by
Kintzel et al. [11], the doses of methotrexate and cisplatin
were adjusted according to the Cockcroft-Gault creatinine
clearance. Additionally, if any of the following AEs occurred
in the previous cycle: non-hematologic toxicity of Common
Terminology Criteria for Adverse Events (CTCAE) grade 3 or

higher, hematologic toxicity of CTCAE grade 4, febrile neu-
tropenia, or hemorrhagic thrombocytopenia, all chemother-
apeutic agents were reduced by 20% (Fig. 2). As a general
rule, patients were hospitalized until day 3, and managed on
an outpatient basis from day 4 onward. Eligibility criteria
included a general condition judged tolerable by the attending
physician, creatinine clearance >30 ml/min, white blood cells
>2500/ul, platelets >10 x 10*/u1, and hemoglobin >8.0 g/dL.
A delay of up to 14 days was considered acceptable if blood
tests on day 0 showed bone marrow suppression that did
not meet eligibility criteria. Efficacy was evaluated using
computed tomography (contrast-enhanced, if possible) at the
end of the 3rd and 6th cycles in all cases. Chemotherapy
was discontinued if disease progression was confirmed or if
the patient’s general condition deteriorated owing to AEs.
Disease progression was assessed according to the Response
Evaluation Criteria in Solid Tumours version 1.1.

Data collection

The clinicopathological characteristics of patients at the
start of dd-MVAC therapy, treatment delivery, toxicities,
and pathological responses in the neoadjuvant cohort were
extracted from the medical records. The relative dose intensity
of the chemotherapeutic agents was calculated based on the
dose and interval between cycles. Toxicities were assessed
using CTCAE version $.0.

Statistical analyses

The correlation between the clinicopathological factors of
patients at the start of dd-MVAC and the inability to complete
six cycles was analyzed using nominal logistic regression
analysis. The cutoff values for laboratory data were defined
as the upper or lower limits of normal at each institution. The
correlation between clinicopathological factors at the start of
dd-MVAC was analyzed using the Mann—Whitney U test for
continuous variables and either the chi-squared test or Fisher’s
exact test for categorical variables. All statistical analyses were
conducted using the JMP Pro version 16.0.0 software (SAS
Institute, Cary, NC, USA). Statistical significance was defined
as P < .0S.

Results
Patients’ characteristics

The clinical characteristics of patients at the start of dd-MVAC
are shown in Table 1. The cohort comprised 86 patients,
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Figure 2. Dose reduction criteria based on renal function and adverse events in previous cycles.

including 56 men (65.1%) and 30 women (34.9%), with a
median age of 71 years (range: 43-84 years). Primary lesions
were located in the lower, upper, or both urinary tracts in
50 (58.1%), 34 (39.5%), and 2 (2.3%) patients, respectively.
The chemotherapy regimens were neoadjuvant, adjuvant, and
salvage in 36 (41.9%), 15 (17.4%), and 35 (40.7%) patients,
respectively. The breakdown of the treatment settings for the
42 patients without metastasis were as follows: 24 patients
in the neoadjuvant setting (with the remaining 12 having
regional lymph node metastasis), 15 patients in the adjuvant
setting, and 3 patients in the salvage setting (cases where
curative resection was deemed impossible). The median cre-
atinine clearance was 56.4 ml/min (interquartile range: 48.0—
78.1 ml/min).

Treatment delivery

As shown in Table 2, 59 patients (68.6%) completed the
scheduled six cycles of dd-MVAC. Among the 27 patients
who could not complete the treatment, 14 discontinued due
to non-hematological AEs, 8 due to disease progression, 3 due
to hematological AEs, and 2 due to other reasons. Twenty-
six patients (30.2%) were able to escalate to the full dose
therapy. The mean relative dose intensities were 61.1% for
methotrexate, 83.3% for vinblastine, 83.3 %, for doxorubicin,
and 63.4% for cisplatin.

Toxicities

Table 3 details the profile of CTCAE grade > 3 toxicities,
with grade > 3 in 76 (88.4%) and grade > 4 toxicities in 47
(54.7%) patients. Herein, grade > 3 and grade > 4 hema-
tologic toxicities occurred in 75 (87.2%) and 47 (54.7%)
patients, respectively, with 34 (39.5%) requiring red blood
cell transfusions, 16 (18.6%) requiring filgrastim administra-
tion, and 7 patients (8.1%) requiring platelet transfusions.
Grade > 3 non-hematologic toxicity occurred in 33 patients

(38.4%), with anorexia in 14 patients (16.3%) and fatigue
in 13 patients (15.1%) being relatively frequent. Grade > 4
non-hematologic toxicity occurred in 4 patients (4.7 %, sepsis,
lower gastrointestinal hemorrhage, lung infection, and throm-
boembolic event). Most AEs were manageable; however, one
progressed to grade 5 toxicity due to lower gastrointestinal
hemorrhage.

Pathological responses in the neoadjuvant cohort

The pathological responses in the neoadjuvant cohort (n = 36)
are shown in Table 4. The pathological complete response rate
and downstaging rate were 36.1% and 61.1%, respectively.
Among patients with clinical NO lower tract urothelial
carcinoma, the pathological complete response rate and
downstaging rate were 52.2% and 65.2%, respectively.

Analysis of factors involved in failure to complete
six cycles

The results of the correlation analysis between clinicopatho-
logical factors at the start of dd-MVAC and the inability to
complete six cycles are presented in Table 5. Serum alkaline
phosphatase (ALP) levels >113 U/L [= upper limit of normal]
(odds ratio [OR], 5.96; 95% confidence interval [CI], 1.90-
18.7; P = .002), C-reactive protein >0.3 mg/dL (OR, 2.84;
95% CI, 1.11-7.25; P = .029), and Eastern Cooperative
Oncology Group Performance Status (ECOG-PS) of >1 (OR,
3.72; 95% CI, 1.14-12.1; P = .029) were significantly cor-
related with the failure to complete six cycles of dd-MVAC
in the univariate analysis. However, creatinine clearance had
no correlation with treatment completion. In the multivariate
analysis, ALP levels >113 U/L were significantly correlated
with the failure to complete six cycles of dd-MVAC (OR, 5.07;
95% CI, 1.54-16.7; P = .008).

In the neoadjuvant cohort, no factors were associated
with treatment completion (Supplementary Table 1). In
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Table 1. Patients’ characteristics at the start of dd-MVAC (n = 86). Table 2. Treatment delivery of dd-MVAC (n = 86).

Factors Values Parameters Values

Age, years, median (range): 71 (43-84) Cycles of dd-MVAC, 7 (%):

Sex, n (%): 6 59 (68.6)
Male 56 (65.1) 5 7 (8.1)
Female 30 (34.9) 4 2(2.3)

BMI, kg/m?, median (range): 23.1 (14.6-33.2) 3 9 (10.5)

ECOG Performance Status, 7 (%): 2 4(4.7)

0 72 (83.7) 1 5(5.8)
1 13 (15.1) Reasons for not completing 6 cycles, 7 (%):
2 1(1.2) Non-hematological adverse events 14 (51.9)

Comorbidity, 7 (%): Progression disease 8(29.6)
Hypertension 36 (41.9) Hematological adverse events 3 (11.1)
Diabetes mellitus 10 (11.6) Other reasons 2(7.4)
Hyperlipidemia 27 (31.4) Days per course, mean + SD: 15.8+£2.2
Cardiovascular diseases 11 (12.8) Increase to full dose

History of smoking, 7 (%): Yes 26 (30.2)
Never 28 (32.6) No 60 (69.8)
Past 41 (47.7) Relative dose intensity, %, mean + SD:

Current 17 (19.8) Methotrexate 61.1 £ 19.6

Primary site, 7 (%): Vinblastine 83.3+15.4
Lower urinary tract 50 (58.1) Doxorubicin 83.3+15.4
Upper urinary tract 34 (39.5) Cisplatin 63.4+19.2
Both 2(2.3)

Histology of primary site, 7 (%): dd-MVAC = dose-dense methotrexate, vinblastine, doxorubicin, and cis-
Pure UC 69 (80.2) platin; SD = standard deviation.

UC with squamous differentiation 9 (10.5)

UC, plasmacytoid variant 4 (4.7) Table 3. CTCAE grade > 3 toxicities (n = 86).

UC, sarcomatoid variant 2(2.3)

UC with glandular differentiation 1(1.2) Events Grade > 3 Grade > 4

re AC o 1(1.2) Any toxicity, 7 (%): 76 (88.4) 47 (54.7)

> o Hematological toxicity, 7 (%):

No 42 (48.9) Any 75 (87.2) 47 (54.7)
Yes 44 (51.2) Neutropenia 60 (69.8) 46 (53.5)

Lymph node 32(37.2) -

Leukopenia 54 (62.8) 23 (26.7)

Lung 16 (18.6) .

B 9(10.5 Anemia 42 (48.8) 1(1.2)

Lpne ¢ (76 ) Thrombocytopenia 32 (37.2) 8(9.3)

ver (7.0) Febrile neutropenia 11 (12.8) 1(1.2)

Setting of chemotherapy, 7 (%): Requi
. equired treatment
Neoadjuvant 36 (41.9) .
) Red blood cell transfusion 34 (39.5)
Adjuvant 15 (17.4) . . -~ .
Filgrastim administration 16 (18.6)
Salvage 35 (40.7) .
. Platelet transfusion 7 (8.1)
Laboratory data, median (IQR): N . . o
‘ 3 on-hematological toxicity, 7 (%):

White blood cells (10°/ul) 6.4 (5.4-7.8) Any 33 (38.4) 4(4.7)
Hemoglobin (g/dL) 11.9 (10.7-13.3) Anorexia 14 (16:3) 0 (0;
Platelets (104/[Ll) 25.9 (22.0-32.9) Fatigue 13 (15.1) 0 (0)
Albumin (g/dL) 3.8 (3.5-4.1) Thromboembolic event 5(5.9) 1(1.2)
Total bilirubin (mg/dL) 0.5 (0.4-0.7) Lung/bronchial infection 4(4.7) 1(1.2)
Aspa}rtate transaminase (U/L) 18 (16-22) Constipation 3(3.5) 0(0)
Alanine transaminase (U/L) 13 (11-17) Nausea/vomiting 3(3.5) 0 (0)
Lactate dehydrogenase (U/L) 204 (180-237) Fever 3(3.5) 0 (0)
Alkaline phosphatase (U/L) 86 (68-108) Sepsis 2(2.3) 2(2.3)
gorrectﬁd calcium (mg//gi) g 30(9018§50) % Infusion site extravasation 2(2.3) 0 (0)
o reactive 1(>rrr?t/e;£ )<mg ) o0 20-70:1-15; Peripheral sensory neuropathy 2(2.3) 0(0)
a ¢ g/dl) Umin) 5’9 p 4‘8 0 7.8 | Lower gastrointestinal hemorrhage 1 (1.2) 1(1.2)

earance of creatinine (ml/min .5 (48.0-78.1) Others™ 6 (7.0) 0 (0)

dd-MVAC = dose-dense methotrexate, vinblastine, doxorubicin, and cis-
platin; BMI = body mass index; ECOG = Eastern Cooperative Oncology
Group; UC = urothelial carcinoma; AC = adenocarcinoma; IQR = interquar-
tile range.

contrast, ALP levels >113 U/L were associated with treatment
completion in the salvage cohort (Supplementary Table 2; OR,
4.29;95% CI, 0.96-19.2; P = .049).

Analysis of factors involved in elevated ALP levels

The results of the correlation analysis between elevated ALP
levels (=113 U/L) and other clinicopathological factors at the
start of dd-MVAC are presented in Supplementary Table 3.

*Grade 5 toxicity. **Including one case each of acute renal dysfunction, diar-
rhea, mucositis oral, pulmonary fibrosis, pyelonephritis, and skin cellulitis.
CTCAE = Common Terminology Criteria for Adverse Events.

Elevated ALP levels were significantly correlated with bone
metastasis (P < .001), salvage setting (P = .006), liver metas-
tasis (P = .013), any metastasis (P = .028), and history of
cardiovascular diseases (CVD) (P = .039).

Discussion

The present study demonstrated that dd-MVAC could be
efficiently administered at a high completion rate even in
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Table 4. Pathological responses in the neoadjuvant cohort (n = 36).
Parameters All cases n =36 cNO cases n =24 cN1-2 cases n =12 P value
Complete response (ypT0 NO), 7 (%):
All 13/36 (36.1) 12/24 (50.0) 1/12 (8.3) 0.025*
LTUC 13/31 (41.9) 12/23 (52.2) 1/8 (12.5) 0.095
UTUC 0/5 (0) 0/1 (0) 0/4 (0) 1.00
Non-muscle invasive (<ypT2 NO), 7 (%):
All 19/36 (52.8) 14/24 (58.3) 5/12 (41.7) 0.48
LTUC 18/31 (58.1) 14/23 (60.9) 4/8 (50.0) 0.69
UTUC 1/5 (20.0) 0/1 (0) 1/4 (25.0) 1.00
Organ-confined disease (<ypT3 NO), 7 (%):
All 21/36 (58.3) 16/24 (66.7) 5/12 (41.7) 0.18
LTUC 20/31 (64.5) 16/23 (69.6) 4/8 (50.0) 0.41
UTUC 1/5 (20.0) 0/1 (0) 1/4 (25.0) 1.00
Down-staging, # (%):
All 22/36 (61.1) 15/24 (62.5) 7/12 (58.3) 1.00
LTUC 21/31 (67.7) 15/23 (65.2) 6/8 (75.0) 1.00
UTUC 1/5 (20.0) 0/1 (0) 1/4 (25.0) 1.00
3Statistically significant. LTUC = lower tract urothelial carcinoma; UTUC = upper tract urothelial carcinoma.
Table 5. Analysis of factors at the initiation involved in failure to complete 6 cycles of dd-MVAC therapy.
Factors Reference Univariate Multivariate
OR (95% CI) P value OR (95% CI) P value
Age Continuous 1.82 (0.21-15.9) 0.59
Sex, female Male 0.71 (0.27-1.89) 0.49
Body mass index Continuous 0.73 (0.07-8.02) 0.79
ECOG Performance Status, >1 0 3.72 (1.14-12.1) 0.029* 2.92 (0.81-10.5) 0.100
Comorbidity
Hypertension, yes No 0.75 (0.29-1.90) 0.54
Diabetes mellitus, yes No 0.51 (0.10-2.58) 0.42
Hyperlipidemia, yes No 1.14 (0.43-3.01) 0.79
Cardiovascular diseases, yes No 1.29 (0.34-4.85) 0.70
History of smoking, past Never 0.68 (0.23-1.98) 0.48
History of smoking, current Never 1.88 (0.54-6.48) 0.32
Primary site, upper tract or both Lower tract 1.17 (0.47-2.93) 0.74
Histology, not pure UC Pure UC 0.62 (0.18-2.10) 0.44
Metastasis, yes No 1.61 (0.69-4.34) 0.31
Lymph node metastasis, yes No 0.99 (0.39-2.54) 0.98
Lung metastasis, yes No 1.94 (0.64-5.93) 0.24
Bone metastasis, yes No 3.12 (0.77-12.7) 0.11
Liver metastasis, yes No 4.96 (0.85-29.0) 0.076
Setting of chemotherapy, adjuvant Neoadjuvant 0.75 (0.17-3.27) 0.70
Setting of chemotherapy, salvage Neoadjuvant 2.25(0.82-6.17) 0.12
Laboratory data
White blood cells, >8.6 x 103/ul? <8.6 x 103 3.09 (0.85-11.2) 0.087
Hemoglobin, <LLNP >LLN 1.47 (0.53-4.05) 0.46
Platelets, >34.8 x 10%/ul® <34.8 x 10* 2.06 (0.71-6.01) 0.18
Albumin, <4.1 g/dL* >4.1 2.26 (0.74-6.85) 0.15
Total bilirubin, >1.5 mg/dL? <1.5 NA 0.99
Aspartate transaminase, >30 U/L? <30 4.96 (0.85-29.0) 0.076
Alanine transaminase, >ULNd <ULN NA 0.99
Lactate dehydrogenase, >222 U/L? <222 1.02 (0.37-2.76) 0.98
Alkaline phosphatase, >113 U/L? <113 5.96 (1.90-18.7) 0.002* 5.07 (1.54-16.7) 0.008*
Corrected calcium, >10.1 mg/dL? <10.1 0.41 (0.05-3.67) 0.42
C-reactive protein, >0.3 mg/dL <0.3 2.84 (1.11-7.25) 0.029* 2.77 (1.00-7.70) 0.050
Creatinine, >ULN¢® <ULN 0.92 (0.36-2.36) 0.86
Creatinine clearance, <60 ml/min >60 0.84 (0.34-2.09) 0.71

*Statistically significant. *ULN. P13.7 g/dL for men and 11.6 g/dL for women. °LLN. 942 U/L for men and 23 U/L for women. ¢1.07 mg/dL for men
and 0.79 mg/dL for women. dd-MVAC = dose-dense methotrexate, vinblastine, doxorubicin, and cisplatin; OR = odds ratio; CI = confidence interval;
ECOG = Eastern Cooperative Oncology Group; UC = urothelial carcinoma; LLN = lower limit of normal; NA = not applicable; ULN = upper limit of

normal.

Japanese patients, who generally have lower physical strength
than the Western population, by regulating the dosage of
anticancer drugs according to renal function and AFEs. Specif-
ically, by initiating the first cycle with reduced doses of

methotrexate and cisplatin allowed for identifying the patient
groups that were more vulnerable to toxicity, thereby enabling
the continuation of chemotherapy without undue strains.
Regarding renal function, it was found that the protocol could
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be implemented with a Cockcroft-Gault creatinine clearance
of >30 ml/min without impacting the completion rate of
the six cycles. We established dose reduction criteria for
methotrexate and cisplatin according to renal function, based
on Kintzel’s criteria [11]. Although renal function-based dose
reduction of cisplatin is not widely accepted, and current
guidelines allow for split-dose cisplatin administration in
patients with impaired renal function [12], the two-week cycle
of dd-MVAC raised concerns that split-dose administration
on days 1 and 8 might delay recovery from myelosuppres-
sion. Therefore, a dose-reduction protocol for cisplatin was
adopted in this study. Nephrology guidelines recommend dose
reduction of cisplatin for patients with renal insufficiency
and a creatinine clearance of 30-60 ml/min [13, 14]. Among
these recommendations, the standardized protocol based on
Kintzel’s criteria is particularly widely utilized [13, 14]. In
Japan, dose-reduced GC therapy has been commonly used for
patients with urothelial carcinoma and impaired renal func-
tion, with reports demonstrating therapeutic efficacy com-
parable to that of standard GC or gemcitabine/carboplatin
regimens [15, 16]. By incorporating a flexible dose-reduction
regimen for methotrexate and cisplatin based on renal func-
tion, this study’s protocol expanded the eligibility criteria to
include a broader range of renal function compared to the
EAU guidelines, which recommend dd-MVAC for patients
with a GFR >50-60 ml/min [12]. This is particularly ben-
eficial for patients with upper tract urothelial carcinoma
and other groups with compromised renal function, allowing
the administration of a regimen without reduced intensity.
The dose intensity of CDDP across all patients decreased to
63.4%; however, when limited to patients with a creatinine
clearance >60 ml/min (n = 42), it was 73.8%, corresponding
to 25.8 mg/m?/week (data not shown). This exceeds the
dose intensity of 23.3 mg/m?/week observed with the three-
week GC regimen. Furthermore, the pathological complete
response rate for neoadjuvant therapy was 52.2% in patients
with clinical NO lower tract urothelial carcinoma, which is
comparable to the 42% reported in the VESPER trial under
similar conditions.

In contrast, CTCAE grade > 3 toxicities were observed
in 88% of the patients, with hematologic toxicities in 87%
patients. These frequency rates are significantly higher than
that reported in the VESPER trial (52%). This discrepancy
may be attributed to the greater susceptibility of Japanese
patients to chemotherapy-related AEs as well as differences
in the dose of pegfilgrastim used. Choueiri et al. reported that
using 6 mg/body of pegfilgrastim with dd-MVAC resulted in
grade > 3 AEs in only 10% of patients [17]. In contrast, the
present study utilized a 3.6 mg/body dose of pegfilgrastim
approved by Japanese insurance, which may explain the high
incidence of grade > 3 neutropenia at 70%. Although peg-
filgrastim was used to shorten hospitalization, prophylactic
daily administration of filgrastim, as in the original Stern-
berg protocol or the VESPER trial, may be more suitable
in Japan. Despite the high frequency of grade > 3 hemato-
logic toxicities, they were manageable with red blood cell or
platelet transfusions and additional filgrastim administration,
contributing to a non-completion rate of only 11% after
six cycles. Notably, non-hematologic toxicities accounted for
52% of the factors resulting in non-completion, highlighting
the importance of managing non-hematologic toxicities, such
as decreased appetite and fatigue.

Multivariate analysis indicated that pretreatment ALP
level > 113 U/L was correlated with non-completion of the

Kawai et al.

six cycles of dd-MVAC. Analysis by treatment setting revealed
a correlation between ALP levels and non-completion of
treatment in the salvage cohort. ALP is a group of enzymes
that catalyze the hydrolysis of phosphate esters in an alkaline
pH environment, generating inorganic phosphate, and its
activity is found in various tissues, including bone, liver,
intestine, and placenta. Elevated serum ALP levels are often
observed in patients with bone or liver metastases [18]. In the
present study, elevated ALP levels correlated with bone and
liver metastases, indicating a higher prevalence of advanced
cancer. Among the 11 patients with high ALP levels who could
not complete six cycles of dd-MVAC, 4 patients experienced
disease progression during treatment (data not shown). In
the remaining six patients it was due to non-hematologic
toxicities (loss of appetite in 2, septic shock in 2, fatigue in
1, and gastrointestinal bleeding in one patient), and in one
patient due to progression of another cancer. Notably, 8 of
these 11 patients were in the salvage setting, suggesting their
overall vulnerability. Additionally, prospective cohort studies
have linked elevated ALP levels to an increased CVD risk
[19]. In this study, elevated ALP levels were correlated with a
history of CVD, although it was unclear whether CVD itself
influenced the dd-MVAC protocol completion.

This study followed six cycles of the VESPER trial protocol.
However, other prospective and retrospective studies have
mostly used three to four cycles [17, 20-23]; the NCCN
guidelines recommend three to six cycles [6], whereas the EAU
guidelines recommend four to six cycles [12]. Considering
the higher frequency of AEs in Japanese patients, it may be
necessary to investigate the feasibility of reducing the number
of cycles to four in future studies.

This study had several limitations. First, this was a retro-
spective study with a relatively small sample size. Second,
there may have been selection bias because only relatively
robust patients deemed eligible for dd-MVAC by their physi-
cians were included, with only one patient having an ECOG-
PS score of 2 or higher. Third, while this study explored factors
associated with the completion of six cycles of dd-MVAC, it
included patients undergoing neoadjuvant, adjuvant, and sal-
vage therapies, resulting in significant heterogeneity between
these groups and limiting the reliability of the analysis. Fourth,
as the study focused on AEs and completion rates, the inclu-
sion of different settings hindered a thorough evaluation of
therapeutic effects. Future studies with longer observation
periods are required to evaluate the therapeutic effects within
each specific setting.

Conclusion

Dose-adjusted dd-MVAC based on renal function and adverse
events has achieved a high treatment completion rate in
Japanese patients with urothelial carcinoma. Although the
frequency of grade 3 or higher adverse events was high, most
events were manageable. Elevated pre-treatment ALP levels
correlated with a decreased completion rate.
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