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At least 2 days after cortisol administration, individualized doses
of docetaxel were diluted in 250 mL of 5% glucose or 0.9% saline
and administered by 1-hour intravenous infusion at 9 AM to each
patient. The doses of docetaxel in subsequent cycles of treatment
were unchanged, and no prophylactic premedication to protect
against docetaxel-related hypersensitivity reactions was adminis-
tered in either of the treatment arms.

PK Study

Blood samples for PK studies were obtained from all of the
patients during the initial treatment cycle. An indwelling cannula
was inserted in the arm opposite that used for the drug infusion,
and blood samples were collected into heparinized tubes. Blood
samples were collected before the infusion; 30 minutes after the
start of the infusion; at the end of the infusion; and 15, 30, and 60
minutes and 3, 5, 9, and 24 hours after the end of the infusion. All
blood samples were centrifuged immediately at 4,000 rpm for 10
minutes, after which the plasma was removed and the samples
were placed in polypropylene tubes, labeled, and stored at —20°C
or colder until analysis.

PK parameters were estimated by the nonlinear least squares
regression analysis method (WinNonlin, Version 1.5; Bellkey Sci-
ence Inc, Chiba, Japan) with a weighting factor of 1 per year.?
Individual plasma concentration-time data were fitted to two- and
three-compartment PK models using a zero-order infusion input
and first-order elimination. The model was chosen on the basis of
Akaike’s information criteria.>' The peak plasma concentration
(Cpnax) was generated directly from the experimental data. AUC
was extrapolated to infinity and determined based on the best-
fitted curve; this measurement was then used to calculate the
absolute CL (L/h), defined as the ratio of the delivered dosage (in
milligrams) and AUC.

To assess PD effect of docetaxel, the percentage decrease in
ANC was calculated according to the following formula: % de-
crease in ANC = (pretreatment ANC — nadir ANC)/(pretreat-
ment ANC) X 100.

Measurements

The concentration of urinary 6-B-OHF was measured by
reversed phase high-performance liquid chromatography with
UV absorbance detection according to previously published
methods. %>

Docetaxel concentrations in plasma were also measured by
solid-phase extraction and reversed phase high-performance lig-
uid chromatography with UV detection according to the previ-
ously published method.**** The detection limit corresponded to
a concentration of 10 ng/mL.

Statistical Analysis

Fisher’s exact test or y* test was used to compare categoric
data, and Student’s t test was used for continuous variables. The
strength of the relationship between the estimated docetaxel CL
and the observed docetaxel CL was assessed by least squares linear
regression analysis. The interpatient variability of AUC for each
arm was evaluated by determining the SD and was compared by F
test. Biases, or the mean AUC value in each arm minus the target
AUC (2.66 mg/L - h), were also compared between the arms by
Student’s ¢ test.

A two-sided P value of = .05 or less was considered to
indicate statistical significance. All statistical analyses were per-
formed using SAS software version 8.02 (SAS Institute, Cary, NC).
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Patient Characteristics

Between October 1999 and May 2001, 59 patients were
enrolled onto the study and randomly assigned to either
the BSA-based arm (n = 30) or the individualized arm
(n = 29). All 59 patients were assessable for PK and PD
analyses. The pretreatment characteristics of the 59 patients
are listed in Table 1. The baseline characteristics were well
balanced between the arms except for three laboratory pa-
rameters: ALB, AAG, and ALP. These three parameters were
not included in the eligibility criteria. The majority of pa-
tients (95%) had a performance status of O or 1. Twenty
(67%) and 16 (55%) patients had been treated with
platinum-based chemotherapy in the BSA-based arm and
individualized arm, respectively. Only two patients in the
individualized arm had liver metastasis, and most of the
patients had good hepatic functions.

Individualized Dosing of Docetaxel

In the individualized arm, the total amount of 24-hour
urinary 6-B-OHF after cortisol administration (total 6-3-
OHF) was 9,179.6 = 3,057.7 ug/d (mean * SD), which was
similar to the result of our previous study.’® The estimated
docetaxel CL was 21.9 *+ 3.5 L/h/m? (mean = SD), and
individualized dose of docetaxel ranged from 37.4 to 76.4
mg/m? (mean, 58.1 mg/m?; Fig 1).

PK

Docetaxel PK data were obtained from all 59 patients
during the first cycle of therapy, and PK parameters are
listed in Table 2. Drug levels declined rapidly after infusion
and could be determined to a maximum of 25 hours. The
concentration of docetaxel in plasma was fitted to a biexpo-
nential equation, which was consistent with previous
reports.”®*>® The mean alpha and beta half-lives were 9.2
minutes and 5.0 hours in the BSA-based arm and 9.2 min-
utes and 7.4 hours in the individualized arm, respectively.

In the BSA-based arm, docetaxel CL was 22.6 * 3.4
L/h/m? (mean * SD), and AUC averaged 2.71 mg/L - h
(range, 2.02 to 3.40 mg/L - h). In the individualized arm,
docetaxel CL was 22.1 + 3.4 L/h/m?, and AUC averaged
2.64 mg/L-h (range, 2.15 t0 3.07 mg/L - h). The least squares
linear regression analysis showed that the observed do-
cetaxel CL was well estimated in the individualized arm
(r* = 0.821; Fig 2). :

The SDs of AUC in the BSA-based arm and in th
individualized arm were 0.40 and 0.22, respectively, and the
ratio of SD in the individualized arm to that in the BSA-
based arm was 0.538 (95% CI, 0.369 to 0.782). The biases
from the target AUC in the BSA-based arm and in the
individualized arm were 0.047 (95% CI, —0.104 to 0.198)
and —0.019 (95% CI, —0.102 to 0.064), respectively, with
no significant difference. The interpatient variability of
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Table 2. Docetaxel PK Parameters
BSA-Based Arm Individualized Arm
Parameters {n = 30) {n =29

Crnaxe pg/ml 0.36-2.70 0.99-2.41
t;,2 alpha*, minutes 92 %33 9.2=x27
1,2 beta”, hours 50+48 74 =117
CL* Lh 37.6 6.3 348 +7.1
CL" L/h/m? 226 +3.4 22134
AUC

Mean mg/L - h 2.71 2.64

Range mg/L - h 2.02-3.40 2.15-3.07

Median 2.65 2.66

SD 0.40 0.22

Table 1. Patient Characteristics
BSA-Based Individualized
Arm Arm
No. of No. of
Characteristic Patients % Patients % P
Enrolled 30 29 )
Eligible 30 100 29 100
Age, years 62
Median 61 62
Range 52-73 45-73
Sex
Male 25 83 19 66 .14
Female 5 17 10 34
ECOG PS .
o] 7 23 1 3 .08
1 . 22 73 26 ]
2 1 3 2 7
Prior treatment
None 4 13 4 14 .99
Surgery 11 37 9 31 65
Radiotherapy 13 43 10 34 .49
Chemotherapy 21 70 18 62 b2
Platinum-based regimens 20 67 16 55 .37
Site of disease
Lung ) 23 77 28 97 .10
Liver 0 0 2 7 .24
Pleura 8 27 12 41 .23
Bone 7 23 9 31 7
Extrathoracic lymph nodes 0 33 10 34 93
Laboratory parameters
ALB, g/L .02
Median 38 35
Range 2645 24-44
AAG, g/ 04
Median 1.00 1.25
Range 0.28-2.15 0.64-2.54
AST, U/L 67
Median 21 22
Range 10-40 7-41
ALT, U/L .88
Median 18 18
Range 6-54 4-45
ALP, U/L .03
Median 249 324
Range 129-540 185-986
Abbreviations: ECOG, Eastern Cooperative Oncology Group; PS, perfor-
mance status, ALB, serum albumin; AAG, alpha-1-acid glycoprotein; ALP,
serum alkaline phosphatase.

AUC was significantly smaller in the individualized arm
than in the BSA-based arm (P < .01; Fig 3).

PD

In both arms, neutropenia was the predominant toxic-
ity related to docetaxel treatment, and 28 of 30 (93%)
patients in the BSA-based arm and 25 of 29 (86%) patients
in the individualized arm had grade 3 or 4 neutropenia.

www.jco.org

Abbreviations: PK, pharmacokinetic; BSA, body-surface area; CL, clear-
ance; AUC, area under concentration-time curve; SD, standard deviation.
*Data represent mean x SD.

Nonhematologic toxicities, such as gastrointestinal and he-
patic toxicities (ie, hyperbilirubinemia, aminotransferase
elevations), were mild in both arms.

PD effects shown as the percentage decrease in ANC are
listed in Table 3. The percentage decrease in ANC for the
BSA-based arm and individualized arm were 87.1% (range,
59.0 to 97.7%; SD, 8.7) and 87.5% (range, 78.0 to 97.2%;
SD, 6.1), respectively, suggesting that the interpatient vari-
ability in the percentage decrease in ANC was slightly
smaller in the individualized arm than in the BSA-based
arm (Fig 4). The response rates between the two arms were
similar; five of 30 (16.7%) and four of 29 (13.8%) patients
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Fig 2. Correlation between the estimated and observed docetaxel clear-
ance (CL) in the individualized arm {n = 29). {(—) Linear regression line
(r? = 0.821); (- — - -) 95% Cls for individual estimates.
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Fig 3. Comparison of area under the concentration-time curve (AUC)
variability between the arms (P < .01; F test). BSA, body-surface area.

achieved a partial response in the BSA-based arm and indi-
vidualized arm, respectively.

In oncology practice, the prescribed dose of most anticancer
drugs is currently calculated from BSA of individual pa-
tients to reduce the interpatient variability of drug expo-
sure. However, PK parameters, such as CL of many
anticancer drugs, are not related to BSA.>**-*? Although PK
parameters of docetaxel are correlated with BSA, individu-
alized dosing based on individual metabolic capacities
could further decrease the interpatient variability.*’
CYP3A4 plays an important role in the metabolism of
many drugs, including anticancer agents such as docetaxel,
paclitaxel, vinorelbine, and gefitinib. This enzyme exhibits a
large interpatient variability in metabolic activity, account-
ing for the large interpatient PK and PD variability. We have
developed a novel method of estimating the interpatient
variability of CYP3A4 activity by urinary metabolite of ex-
ogenous cortisol. That is, the total amount of 24-hour uri-
nary 6-B-OHF after cortisol administration was highly
correlated with docetaxel CL. We conducted a prospective

Table 3. Percentage Decrease in ANC
BSA-Based Arm Individualized Arm

Parameters {n = 30) (n = 29)
Percentage decrease in ANC, %
Mean 87.1 87.4
Range 59.0-97.7 78.0-97.2
Median 89.7 88.4
SD 8.7 8.1

SD, standard deviation.

Abbreviations: ANC, absolute neutrophil count; BSA, body-surface area;
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Fig 4. Correlation between area under the concentration-time curve (AUC)
and percentage decrease in absolute neutrophil count (ANC) in each arm. (A)
body-surface area-based arm; (B) individualized arm.

randomized PK and PD study of docetaxel to evaluate
whether the application of our method to individualized
dosing could decrease PK and PD variability compared with
BSA-based dosing.

The study by Hirth et al*® showed a good correlation
between the result of the erythromycin breath test and
docetaxel CL, and the study by Goh et al* showed a good
correlation between the midazolam CL and docetaxel CL.
In our study, we prospectively validated the correlation
between docetaxel CL and our previously published
method using the total amount of urinary 6-8-OHF after
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cortisol administration in the individualized arm. As shown
in Fig 2, the observed docetaxel CL was well estimated, and
the equation for the estimation of docetaxel CL developed
in our previous study was found to be reliable and repro-
ducible. The target AUC in the individualized arm was set at
2.66 mg/L - h. This value was the mean value from our
previous study, in which 29 patients were treated with 60
mg/m? of docetaxel. Individualized doses of docetaxel ranged
from 37.4 to 76.4 mg/m” and were lower than expected.

The SD of AUC in the individualized arm was about
46.2% smaller than that in the BSA-based arm, a significant
difference; this result seems to indicate that the application
of our method to individualized dosing can reduce the
interpatient PK variability. Assuming that the variability of
AUC could be decreased 46.2% by individualized dosing
applying our method, overtreatment could be avoided in
14.5% of BSA-dosed patients by using individualized dos-
ing (Fig 5, area A), and undertreatment could be avoided in
another 14.5% of these patients (Fig 5, area B). We consid-
ered that neutropenia could be decreased with patients in
area A by individualized dosing. However, it is unknown
whether the therapeutic effect of docetaxel could be im-
proved in the patients in area B by individualized dosing
because no significant positive correlation has been found
between docetaxel AUC and antitumor response in patients
with non-small-cell lung cancer.** In this study, seven of 30
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Fig 5. Simulated comparison of area under the concentration-time curve
(AUC) distribution between body-surface area (BSA) —based dosing and
individualized dosing when the variability of AUC is decreased 46.2% by
individualized dosing applied using our method.

where: f,(x) =
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(23.3%) and two of 30 (6.7%) patients in the BSA-based arm
were included in area A and B, respectively (Figs 3 and 5).

As shown in Figure 4, the percentage decrease in ANC
was well correlated with AUC in both arms, which was
similar to previous reports.>”*? [t was also indicated that the
interpatient variability in the percentage decrease in ANC
was slightly smaller in the individualized arm than in the
BSA-based arm; however, this difference was not signifi-
cant. The response rates between the two arms were similar.
Although the interpatient PK variability could be decreased
by individualized dosing in accordance with our method,
the interpatient PD variability such as toxicity and the anti-
tumor response could not be decreased. Several reasons
could be considered.

With regard to toxicity, the pretreatment characteris-
tics of the patients in this study were highly variable. More
than half of the patients in each arm had previously received
platinum-based chemotherapy, and more than 30% had
received radiotherapy. The laboratory parameters (ie, ALB,
AAG, and ALP) were not balanced across the arms, al-
though they were not included in the eligibility criteria
(Table 1). These variable pretreatment characteristics and
unbalanced laboratory parameters may have influenced the
frequency and severity of the hematologic toxicity as well as
the pharmacokinetic profiles. The antitumor effect may
have been influenced by the intrinsic sensitivity of tumors,
the variable pretreatment characteristics, and the imbalance
in laboratory parameters. Non—small-cell lung cancer is a
chemotherapy-resistant tumor. The response rate for do-
cetaxel ranges from 18% to 38%,’ and no significant posi-
tive correlation between docetaxel AUC and antitumor
response has been found. We considered it quite difficult to
control the interpatient PD variability by controlling the
interpatient PK variability alone. Although we did not ob-
serve any outliers in either arm, such as the two outliers with
severe toxicity observed in the study by Hirth et al,*® our
method may be more useful for identifying such outliers. If
we had not excluded patients with more abnormal liver
function or a history of liver disease by the strict eligibility
criteria, the results with the two dosing regimens may have
been more different, and the interpatient PD variability,
such as the percentage decrease in ANC, may have been
smaller in the individualized arm than in the BSA-based
arm. Furthermore, the primary end point of this study was
PK variability, evaluated by the SD of AUC in both arms,
and the sample size was significantly underpowered to eval-
uate whether the application of our method to individual-
ized dosing could decrease PD variability compared with
BSA-based dosing.

For the genotypes of CYP3A4, several genetic poly-
morphisms have been reported (http://www.imm.ki.se/
CYPalleles/); however, a clear relationship between
genetic polymorphisms and the enzyme activity of
CYP3A4 has not been reported. Our phenotype-based
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individualized dosing using the total amount of urinary
6-B-OHF after cortisol administration produced good
results. However, this method is somewhat complicated,
and a simpler method would be of great use. We analyzed
the expression of CYP3A4 mRNA in the peripheral-

Yamamoto et al

blood mononuclear cells of the 29 patients in the indi-
vidualized arm. No correlation was observed between the

expression level of CYP3A4 mRNA and docetaxel CL or
the total amount of urinary 6-B3-OHF after cortisol ad-

ministration (data not shown).
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In conclusion, the individualized dosing of docetaxel us-
ing the total amount of urinary 6-3-OHF after cortisol admin-
istration is useful for decreasing the interpatient PK variability
compared with the conventional BSA-based method of dosing.
This method may be useful for individualized chemotherapy.
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CASE REPORT '

Nonmyeloablative Allogeneic Stem Cell Transplantation for
Patients With Unresectable Pancreatic Cancer

Toshio Takahashi, MD, FACS, Yasushi Omuro, MD, Galu Matsumoto, MD, Hisashi Sakamalki, MD,
Yoshiharu Maeda, MD, Kiyoshi Hiruma; MD, Koji Tsuruta, MD, and Tsuneo Sasaki, MD

Objectives: To clarify whether nonmyeloablative allogeneic stem
cell transplantation (NST) can produce the graft versus tumor (GVT)
effect in patients with pancreatic cancer.

Methods: A pilot trial of NST was conducted in 5 patients with
unresectable pancreatic cancer. Preparative conditioning consisted of
administration of 60 mg/kg cyclophosphamide on days 6 and 7 before
transplantation, followed by 25 mg fludarabine per square meter of
body surface on each of the last 5 days prior to transplantation. Cy-
closporine was started 4 days before transplantation. Peripheral blood
stem cells from the patients” HLA-identical siblings were transfused
into the patients.

Results: Complete donor T-cell chimerism in peripheral blood was
obtained in 4 patients on day 15 after transplantation. NST resulted in
tumor reduction in 2 patients as determined by CT, decreasing levels
of tumor markers in 2 patients, pain relief in 2 patients, and a decrease
in pleural fluid in | patient. Two patients developed acute graft versus
host disease (GVHD) of grade II or III and 2 had chronic GVHD
involving skin and/or liver. Administration of immunosuppressive
drugs for the treatment of GVHD resulted in the elevation of tumor
marker levels.

Conclusion: These findings are the first to suggest that NST induces
a GVT effect on pancreatic cancer.

Key Words: nonmyeloablative allogeneic stem cell transplantation,
pancreatic cancer, graft versus tumor effect, graft versus host disease,
tumor regression, chimerism

(Pancreas 2004;28:¢65-e69)

he prognosis of patients with pancreatic cancer treated
with conventional therapeutic modalities is extremely
poor, and thus a novel modality is being actively sought for the
treatment of this disease. Allogeneic stem cell transplantation
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has proved to have a potent antitumor effect not only in pa-
tients with hematological malignancies' but also in those with
solid malignancies.*? In a study of nonmyeloablative alloge-
neic peripheral blood stem cell transplantation (NST) for solid
malignancies, Childs et al*® reported the successful treatment
of metastatic renal cell carcinoma and clinically demonstrated
the presence of the graft versus tumor effect, known as the
GVT effect. However, the GVT effect in patients with pancre-
atic cancer is unknown. Here, we describe the results of a pilot
trial of NST in 5 patients \{vith unresectable pancreatic cancer.

PATIENTS AND METHODS
~ All'5 patients were diagnosed with unresectable pancre- -
atic cancer by abdominal CT scans and angiographies, which
demonstrated major vascular invasion. Four patients had meta-
static disease (patients 2, 3,4, and 5), and 1 patient had locally
advanced unresectable disease (patient 1) (Table 1). Two pa-
tients had multiple liver metastases (patients 2 and 3), 2 had
subclavicular lymph node metastases (patients 4 and 5), 1 had
bone metastasis (patient 5), and 1 had pleural metastasis (pa-
tient 4) on CT. All 5 tumors were confirmed histologically as
adenocarcinoma by needle biopsy (patients 1, 2, and 3) or op-
erative biopsy (patients 4 and 5). The CEA and CA19-9 levels
were high in all but patient 1. Patients 2, 3, 4, and 5 were ad-
ministered gemcitabine as chemotherapy. Patients 2 and 4 ini-
tially responded to the therapy with stable disease, but the tu-
mor then began to progress again. Patients 3 and 4 underwent
gastrojejunostomy for duodenal obstruction by the pancreatic
cancer.

All patients accepted the protocol approved by the ethics
committee of Tokyo Metropolitan Komagome Hospital, Ja-
pan, and full informed consent was obtained in writing.

Preparative conditioning consisted of intravenous infu-
sion of 60 mg cyclophosphamide per kilogram of body weight
on days 6 and 7 before transplantation, followed by an intra-
venous infusion of 25 mg fludarabine per square meter of body
surface area on each of the last 5 days prior to transplantation.
Cyclosporine was started 4 days before transplantation at a
dose of 3 mg/kg daily.

Peripheral blood stem cell allografts were collected from
HL A-identical siblings on day 5 of G-CSF administration.
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TABLE 1. Characteristics and Results of Pancreatic Cancer Patients Undergoing NST

Response
GVHD CA-19-9 (U/mL)
Patient  Age/ Prior GVT Clinical _
No. Gender  Metastases Therapy Histology Acute Chronic  Effect Effects Pre-NST Post-NST  Outcome
1 59F None None Adenocarci- None Extensive + 80% Tumor 2.7 2.5 Dead (d 349)
noma " reduction,
pain relief
2 40M  Liver Gemcitabine  Adenocarci- Grade [II, Extensive + 40% Tumor 2744 228 Dead (d 156)
noma liver, reduction,
gut pain refief
3 68 M Liver Gemcitabine Adenocarci- None —_ None Progressive 21,396 26,060 Dead (d 52)
noma disease
4 61 F Pleura, Bypass Adenocarci- None None + Decreased 39.4 23.2 Dead(d 172)
lymphnodes operation, noma pleural fluid
gemcitabine
5 63 M  Bone, Bypass Adenocarci- Grade II, — None Progressive 45,825 100,289  Dead (d 87)
lymphnodes operation, noma gut disease
gemcitabine

On day 0, allografts from HLA-identical siblings were
transfused into the patients.

Donor chimerism was examined by polymerase chain
reaction assay of microsatellite regions (PCR assay).

RESULTS

The chimerism determined by PCR assay on days 15 and
30isshownin Table 2. More than 90% T-cell donor chimerism
in peripheral blood was obtained on day 15 in patients I, 2, 4,
and 5, and 100% was obtained in those patients on day 30 after
transplantation. Complete donor myeloid chimerism was ob-
tained in patients 1 and 4 who survived for >100 days after
transplantation. Table 1 shows the characteristics, results, and
course of the pancreatic cancer patients undergoing NST.
Acute GVHD occurred in patient 2 (grade III with liver and
gut) and patient 5 (grade II with gut). Patients 1 and 2 had
chronic extensive GVDH in the skin >120 days after transplan-
tation.

In patients 1 and 2, CT showed tumor reduction, and
both experienced pain relief, as described in the following case
report. Pleural fluid due to the pancreatic cancer decreased in

TABLE 2. Percentage of Donor Chimerism After NST

Day 15 Day 30 Day 100
Patient T Myeloid T Myeloid T Myeloid
No. Cell Cell Cell Cell Cell Cell
1 92 40 100 43 100 100
2 95 23 100 23 * *
3 42 1 73 28 * *
4 94 93 100 84 100 100
5 98 83 100 72 * *

*Not examined.
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patient 4 on day 150. Patients 3 and 5 showed progressive dis-
ease.

The levels of tumor markers (CEA and CA19-9) de-
creased in patient 2 on day 30 and patient 4 on day 150. No
change in tumor marker levels was observed in patients 1, 3,
and 5.

Patients 2, 3, 4, and 5 died of progression of pancreatic
cancer on days 156, 52, 172, and 87, respectively, while patient
1 died of a syndrome suggestive of cerebral hemorrhage on day
349.

CASE REPORT
Two patients who responded to NST are described.

Patient 1

A 59-year-old woman was admitted to our hospital du
to increasingly severe abdominal and back pain of l-montl
duration and body weight loss. Abdominal CT. revealed a het
erogeneously enhanced 10 x 8.0-cm mass, with an irregula
low-density area (Fig. 1A), and angiography demonstrate:
major vascular invasion. Fine needle aspiration biopsy of th
tumor confirmed adenocarcinoma (Fig. 2). Based on thes
findings, the patient was diagnosed with pancreatic tumor, an
although the tumor appeared not to be a typical pancreatic duc
cell cancer, it definitely arose from the pancreatic tissue itse
as shown on CT and angiography. We deemed the tumor ui
resectable due to the major vascular invasion by the cancer.

Pretransplantation conditioning consisted of 60 mg/k
cyclophosphamide intravenously on days —7 and ~6 and %
mg/m fludarabine intravenously from days —5 to ~1. Cycl
sporine was started on day —2. Her HL A-identical sister (HL:
A24, BS2, B55, DR15, DR9) was given 10 pg/kg granulocy
colony-stimulating factor (G-CSF) subcutaneously daily for
days, and a mobilized peripheral blood stem cell allograft w
collected by leukapheresis on the day 5 and day 6 of G-C!

© 2004 Lippincott Williams & Wilk
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FIGURE 1. CT scan of the pancre-
atic tumor in patient 1. A: Hetero-
geneously enhanced 10.0 X 8.0-
cm tumor located in the body and
head of the pancreas before NST.
B: The tumor was reduced 60% in
size 30 days after NST; C: 75% re-
duced on day 100; D: 80% re-
duced on day 180 after NST.

administration. On day 0 and day +1, a total of 6.01 x 108 Surprisingly, the patient’s severe abdominal pain rapidly
CD34+ cells/kg from her sister were transfused into the pa-  disappeared within 10 days, and consequently the morphine
tient. Successful engraftment was achieved on day +6. Com- was stopped. In addition, the palpable upper abdominal tumor
plete T-cell chimerism occurred by day +21, as determined by ~ disappeared within 2 weeks. Abdominal CT revealed an im-
PCR assay. pressive reduction in posttherapy pancreatic tumor diameter,

FIGURE 2. A: Epithelial malignant
cells taken by needle biopsy from
the pancreatic tumor in patient 1.
B: The tumor cells forming adeno-
matous structures were considered
adenocarcinoma.

A
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which dropped from 10.0 to 6.5 cm (representative of a 60%
reduction) on day +30 (Fig. 1B) to 5.0 cm (representative of a
75% reduction) on day +100 (Fig. 1C) and to 4.5 cm (repre-
sentative of a 80% reduction) on day +180 (Fig. 1D).

Her posttransplantation course was uneventful, and no
symptoms of acute GVHD were noted. The patient was dis-
charged from our hospital on day 60 after NST. Cyclosporine
was tapered and discontinued on day +100.

She subsequently developed extensive chronic GVHD
of the skin on day +120 and was given corticosteroid ointment
at the outpatient clinic. Complete myeloid chimerism was ob-
served, almost at the same time. Cyclosporine treatment was
started again on day +190 due to progression of the chronic
GVHD of the liver. Although the GVHD had improved by this
treatment, the pancreatic tumor had grown slightly by day
+220. Thus, cyclosporine was stopped on day +230. Soon after
the cyclosporine had been stopped, the tumor regressed again.

On day +348, she became unconscious and convulsed
suddenly, showing symptoms suggestive of cerebral hemor-
rhage. She died on day +349 after NST. Unfortunately, an au-
topsy was unable to be performed.

Patient 2

A 40-year-old man was admitted to our hospital due to
severe back pain and jaundice. MRI or CT revealed multiple
liver metastases (Fig. 3A) and pancreas head cancer invading
the duodenum (Fig. 3B). His CEA was 25 ng/mL and CA19-9
was 20,089 U/mL. The patient received 3 cycles of chemo-
therapy with gemcitabine. Transient regression was observed,
but the tumor soon began progressing again.

NST was performed from his HLA-identical brother on
day 0. Full T-cell chimerism was achieved on day +14. His
CA19-9 level decreased from 2744 to 228 U/mL on day +30
(Fig. 4A), and his back pain was relieved. CT revealed that the
tumor had decreased 40% in size on day +30 (Fig. 3C). How-
ever, acute GVHD of the liver and gut of grade III developed
on day +25. The patient was given methylprednisolone and
tacrolimus to treat the acute GVHD. The immunosuppressive
treatment resulted in the elevation of CA19-9 from 228 to
20,509 U/mL. Steroid treatment was stopped on day +105, and
consequently the CA19-9 level again decreased from 20,509 to
10,394 U/mL (Fig. 4B), suggesting the presence of the GVT
effect. However, the pancreatic cancer and liver metastasis be-

FIGURE 3. A: MRI of the liver
shows multiple metastases in pa-
tient 2. B: Pancreatic tumor lo-
cated in the head of the pancreas
in patient 2 before NST. C: The tu-
mor decreased 40% in size on day
30 after NST.
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gan to progress from day +130, and the patient died of progres-
sive disease on day +156.

DISCUSSION

Allogeneic stem cell transplantation in the treatment of
leukemia has proved to be a potent immune-mediated antileu-
kemia effect [graft versus leukemia (GVL) effect].! Stem cells
transplanted to the recipient from an HLA-identical donor pro-
liferate and differentiate into T cells in the patient, and these
recognize the patient’s tissues as “not-self” and eliminate the
“not-self” cells. These immunologic reactions produce a graft
versus leukemia effect, which brings about leukemia regres-
sion and also sometimes produces GVHD. However, whether
such an immune-mediated effect was induced in patients with
solid tumors has been unclear. Eibl et al> and Ueno et al® re-
ported a GVT effect in breast cancer patients treated with mar-
row ablative allogeneic transplantation. In 1999, Childs et al**
reported that nonmyeloablative allogeneic stem cell transplan-
tation induced sustained regression of metastatic renal cell car-
cinoma in patients who had no response to conventional treat-
ment. However, the existence of the GVT effect of allogeneic
stem cell transplantation in patients with pancreatic cancer is
as yet unknown.

Myeloablation and immunosuppression have been con-
sidered to be the 2 major requirements of preparative condi-
tioning for successful engraftment of stem cells into bone
marrow. However, recent studies have established that immu-
nosuppression is the more important of the 2 and that myelo-
ablation, including strong anticancer agents or total body irra-
diation, is unnecessary for engraftment.®” Thus, nonmyeloab-
lative stem cell transplantation is developing into a method
free from severe adverse effects for transplantation.

We performed a pilot trial of nonmyeloablative alloge-
neic stem cell transplantation in patients with unresectable
pancreatic cancer refractory to conventional treatment options.

In our trial, patient 1 showed remarkable regression of
the tumor and pain relief. There have been no reports that the
small amount of chemotherapeutic agents used in our condi-
tioning regimen (60 mg/kg cyclophosphamide x 2, 25 mg/m?
fludarabine x 5) are efficacious for pancreatic tumor. More-
over, the tumor consistently decreased in size until day +190,

© 2004 Lippincott Williams & Wilkins
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when cyclosporine treatment was started again due to progres-
sion of the chronic GVHD. Subsequently, the pancreatic tumor
grew slightly after administration of the cyclosporine, and
soon after the drug was stopped, the tumor regressed again.
Thus, the continuous regression of the tumor following NST
and the changes in tumor size produced by immunosuppres-
sive cyclosporine suggest that the GVT effect was produced by
NST in this patient with unresectable pancreatic cancer. Un-
fortunately, the patient died, probably of a cerebral hemor-
rhage, but it was not possible to perform an autopsy. We, how-
ever, presume that the cerebral hemorrhage was caused by the
chronic GVHD. Nonetheless, this may be the first case of the
GVT effect on pancreatic cancer.

Patient 2 experienced pain relief, tumor reduction, and
changes in the levels of tumor markers. These findings also
suggest the presence of the GVT effect on pancreatic cancer.

Patient 4 survived under stable disease conditions until
day +250, exhibiting decreased cancerous pleural fluid due to
pancreatic cancer and a decreased level of CA19-9. We also
believe this to represent the GVT effect.

T-cell chimerism persisted in all patients from the begin-
ning of tumor regression. Notably, the GVT effect occuired
only after T-cell chimerism had become complete.

Two of the § patients undergoing NST developed acute
grade IT or Il GVHD. GVHD did not always occur in all pa-
tients who developed the GVT effect in our trial; patients 1 and
4 did not have acute GVHD when their disease regressed. The
antigens of the donor cells that mediated the GVT effects and
acute GVHD are the focus of future investigation.

In conclusion, the results of our pilot clinical trial sug-
gest that NST induces the GVT effect in pancreatic cancer, just

© 2004 Lippincott Williams & Wilkins

as in renal cell carcinoma, as demonstrated by Childs.*> NST
might represent a new treatment modality for intractable pan-
creatic cancer. However, we should emphasize that our study
was very small and allogeneic stem cell transplantation can
cause the substantial and sometimes fatal adverse effects of
GVHD. Moreover, since GVT effects are usually delayed after
NST, careful selection of pancreatic cancer patients for similar
trials is warranted because death from early disease progres-
sion has previously been shown to limit this approach in meta-
static renal cell carcinoma patients.’
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Background: Hypercalcemia of malignancy is a serious complication of cancer. The objective of
this study was to investigate the efficacy and safety of zoledronic acid, a new-generation bisphos-
phonate and the most potent inhibitor of bone resorption identified to date, for hypercalcemia of
malignancy in Japanese patients.

Methods: Patients with hypercalcemia of malignancy, defined as an albumin-corrected serum
calcium level >12.0 mg/dl, were treated with a single dose of zoledronic acid, 4 mg, by 15 min
infusion. Clinical end-pointsincluded the proportion of patients with complete response, whichwas
defined as a decrease of corrected serum calcium <10.8 mg/dl by day 10, and time to relapse,
which is defined as the duration in days between the date of infusion and last available corrected
serum calcium <11.6 mg/dl. ‘

Results: Twenty-seven patients were enrolled in this study and 25 patients were evaluable for
the efficacy of zoledronic acid. The mean corrected serum calcium level decreased from 14.5 to
9.6 mg/dl by day 10. The complete response rate was 84%. The median time to relapse was
23 days, ranging from 0 to 56 days. The most frequently observed adverse event was fever
(£38°C). Electrolyte abnormalities suspected to be drug related including grade 3 or 4 hypo-
calcemia, hypophosphatemia and hypokalemia were observed in 11 patients; however, all
patients were asymptomatic. No serious adverse events associated with renal toxicity were
reported.

Conclusions: Zoledronic acid is well tolerated and is effective for hypercalcemia of malignancy

in Japanese patients.

Key words: bisphosphonate — hypercalcemia - zoledronic acid

INTRODUCTION

Hypercalcemia of malignancy (HCM) is among the most com-

mon and most serious complications of malignancy in the late

stage. It occurs in 5-10% of all cancer patients at some point
during the course of their disease, frequently in patients with
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6-5-1 Kashiwanoha, Kashiwa, Chiba, 277-8577 Japan.

E-mail: hminami@east.ncc.go.jp

“Present address: International University of Health and Welfare, 8-3-35
Akasaka, Minato, Tokyo, Japan

cancer of the lung, breast, kidney, or head and neck, and adult
T-cell leukemia. The early symptoms of HCM are mild and can
be difficult to distinguish from symptoms of the underlying
disease or the side effects of cancer therapy. If left untreated, it
can progress rapidly and may become life-threatening. Patients
who develop HCM generally have a short life expectancy,
ranging from weeks to months (1). Treatment of HCM is
important considering its life-threatening nature and symptoms
such as anorexia, nausea, polyuria, confusion and coma.
Bisphosphonates are potent inhibitors of bone resorption
and are the most effective therapy for HCM. Bisphosphonate
compounds can be divided into two distinct pharmacological
classes with different mechanisms of action depending on
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whether they contain a nitrogen atom in their side chains (2).
Non-nitrogen-containing bisphosphonates, which are first-
generation  bisphosphonates, including etidronate and
clodronate, are metabolized intracellularly to cytotoxic, non-
hydrolyzable analogs of ATP that may inhibit ATP-dependent
intracellular enzymes in osteoclasts (2). Nitrogen-containing
bisphosphonates, which are second- or third-generation
bisphosphonates including pamidronate, alendronate and iban-
dronate, inhibit protein prenylation, which leads to loss of
membrane localization of small G proteins such as Ras,
Rho and Rac. Consequently, osteoclasts may undergo apopto-
sis (2). They are more potent than the first-generation bisphos-
phonates and have been used for the treatment of HCM.

Zoledronic acid (ZOMETA; Novartis Pharmaceuticals Cor-
poration, East Hanover, NJ) is a newer nitrogen-containing
bisphosphonate that has been shown in preclinical studies
to be more potent than currently available bisphosphonates
including pamidronate. Zoledronic acid was 850-fold more
effective than pamidronate in inhibiting the induction of hyper-
calcemia in rats, and 100-fold more potent than pamidronate in
inhibiting calcium release in an in vitro calvaria assay (3).

Zoledronic acid at doses of 2, 4 and 8 mg/body was well
tolerated in a phase 1 study for Japanese cancer patients with
bone metastases (4). This phase 1 study also demonstrated that
4-8 mg of zoledronic acid was more effective with respect to
suppressing markers of bone resorption than the lower dose,
suggesting that these dose levels might be more potent to
inhibit osteoclast activity.

For treating HCM, randomized, controlled clinical
studies were conducted in the USA, Canada, Australia and
European countries to compare the efficacy and safety of
zoledronic acid and pamidronate (5). The complete response
rate and time to relapse among patients treated with zoledronic
acid 4 or 8 mg were superior to those among patients treated
with pamidronate 90 mg, while maintaining a similar safety
profile. Zoledronic acid at a single dose of 4 mg was nearly
as effective as 8 mg, and the differences between the two
doses were not statistically significant. Therefore, zoledronic
acid at a single dose of 4 mg was recommended and has been
approved for treatment of HCM in many countries since 2000.

A multicenter study was conducted to investigate the
efficacy and safety of zoledronic acid in Japanese patients
with HCM.

PATIENTS AND METHODS

This clinical study was conducted at seven hospitals in Japan
between July 2001 and May 2002. The institutional review
boards of the study hospitals approved the protocol. Written
informed consent was obtained from each patient before par-
ticipation in the study; however, if the patient was in a severe
diminished state of consciousness due to HCM, written consent
could be obtained from a relative such as the patient’s spouse.
In that case, the patient’s informed consent to continue in the
study was obtained after his/her level of consciousness was
improved.

Jpn J Clin Oncol 2005,;35(1) 29

PATIENTS

Patients aged 20 years and older with histological or cyto-
logical confirmation of cancer and hypercalcemia, defined
as an albumin-corrected serum calcium (CSC) >12.0 mg/dl,
were eligible. The CSC was calculated by the following
formula: CSC (mg/dl) = patient’s measured serum calcium
(mg/dl) + 0.8 x [mid-range serum albumin of each institutional
laboratory standard (g/dl) — patient’s measured albumin (g/dl)].
Patients who had a history of allergic reaction to bisphos-
phonates or who had been treated with bisphosphonates for
HCM within 3 months of study entry were excluded, as were
patients who exhibited serum creatinine >4.5 mg/dl or who
were treated with calcitonin within 72 h of study entry. Patients
who were treated with newly initiated antineoplastic cytotoxic
chemotherapy or hormonal therapy 6 days before or 10 days
after the initial administration of this study drug, or with any
investigational drugs within 1 month of study entry were also
excluded. Additional exclusion criteria were for patients
who were severely dehydrated, could not tolerate intravenous
hydration, or suffered from hyperparathyroidism, adrenal
insufficiency, vitamin D intoxication, milk alkali syndrome,
sarcoidosis or other granulomatous disease, or multiple
endocrine neoplasia syndromes.

TREATMENT

Patients were treated with a single dose of 4 mg of zoledronic
acid via a 15 min intravenous infusion followed by hydration
with 500 ml of saline over 2 h. Then patients were followed-up
for 56 days or until relapse defined as CSC>11.6 mg/dl.
Patients who were refractory to the initial therapy or who
relapsed within 56 days after the initial treatment could be
re-treated with a single dose of 4 mg of zoledronic acid and
followed-up for 28 days or until relapse.

ASSESSMENT OF SAFETY AND EFFICACY

Efficacy was assessed by the CSC level, which was measured
on days 4, 7, 10, 14, 17, 21, 24 and 28, and weekly thereafter
up to day 56. Efficacy was also assessed by improvement of the
symptoms of HCM on days 4, 7, 10 and 56. The improvement
of symptoms, i.e. clepresséd level of consciousness, anorexia,
nausea, vomiting, fatigue and mouth dryness, was defined as
an improvement in the grade as evaluated according to
the National Cancer Institute’s Common Toxicities Criteria
version 2 in comparison with those before treatment.

Safety was evaluated by clinical findings, adverse events,
vital signs, routine blood chemistries, hematological values
and urinalysis. The severity of adverse events was graded
according to the National Cancer Institute’s Common
Toxicities Criteria version 2.

STATISTICAL METHODS

The determination of the sample size was based on the pro-
portion of patients achieving a complete response (CR), which
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was defined as a decrease of CSC below 10.8 mg/dl by day 10,
using Fleming’s single-stage procedure. The CR rate repre-
senting a level of activity of definitive interest was considered
to be 85% as expected from the efficacy of zoledronic acid
4 mg reported by Major et al. (5). A minimal threshold
response rate was considered to be 60%, based on the CR
rate of pamidronate 45 mg in three previous Japanese clinical
trials for treatment of HCM (in-house data of Novartis). Thus,
the required sample size was calculated to be 25, based on a
hypothesis of an anticipated efficacy rate of 85%, threshold
efficacy rate of 60%, alpha = 0.05 (two-sided) and beta = 0.2.

Primary analysis was based on the CR rate by day 10. The
proportions of patients who achieved a CR by day 4 and/or day
7 were also evaluated. The change from baseline in CSC was
also assessed at days 4, 7 and 10. For patients with missing
CSC values, the last CSC observation available was carried
forward. The time to relapse was defined as the number of days
from the date of study drug infusion to the date of the last CSC
<11.6 mg/dl. All patients who did not achieve a CR had their
time to relapse set to zero and were not censored. Patients who
died after a CR was achieved but before documentation of
relapse were assumed to have relapsed on the day the last
CSC was obtained. All other complete responders who dis-
continued or completed the study without documented relapse
were censored on the last day on which CSC was obtained.
Duration of CR was calculated using rules similar to time to
relapse, except that the duration was based on the day of onset
of the CR rather than the start date of the infusion. Duration of
CR was calculated only for the subset of patients who had a
CR. Time to relapse and duration of CR were estimated by the
Kaplan—-Meier method.

The impact of the baseline CSC (>13.6 or <13.6 mg/dl), with
or without bone metastases, cancer type (breast/myeloma or
other) and the parathyroid hormone-related protein (PTHIP,
<2.0 or >2.0 pmol/l) on whether the patient achieved a CR

"was analyzed by Fisher’s exact test. Log rank test was also
used to analyze the impact of the above-mentioned demo-
graphic factors on the time to relapse.

RESULTS

CHARACTERISTICS OF THE PATIENTS

Twenty-seven patients were enrolled in the study and 26
patients were treated with zoledronic acid. One patient
withdrew his consent before study drug infusion. Table I
lists the characteristics of the treated patients. Half of the
patients (13 out of 26) had a poor performance status of 3
or 4, and 24 patients had symptoms associated with HCM.
Twenty-one out of 26 patients had an elevated (>2 pmol/l)
PTHrP at baseline. As one patient died due to progressive
disease without any CSC values after administration of the
study drug, this subject could.not be included in the efficacy
analysis.

Table 1. Patient characteristics

No. of patients 26 (100%)

Gender
Male 12 (46%)
Female 14 (54%)
Age (years)
Mean * SD 59.0+£938
Median 58.5
Range 37-75
Weight (kg)
Mean + SD 53.9%122
Median 50.2
Range 37.6-85.7
ECOG PS
0 ‘ 0
1 9 (35%)
2 4 (15%)
3 8 (31%)
4 5 (19%)
Primary cancer site ‘
Lung 5 (19%)
Breast 8 (31%)
Multiple myeloma 3 (12%)
Head and neck 5 (19%)
Other 5 (15%)
Bone metastases (n, %)
No 11 (42%)
Yes 15 (58%)
Symptom of hypercalcemia (1, %)
No 2 (8%)
Yes 24 (92%)
PTHrP (pmol/l) ‘
Mean + SD 102+ 1.8
Median 4.4
Range 0.6-48.8
<2.0 pmol/l 5 (19%)
>2.0 pmol/i 21 (81%)
Baseline serum creatinine (mg/dl)
Mean = SD 09+03
Median C09
Range 0.5-1.6
Baseline CSC (mg/dl)
Mean * SD 144+ 18
Median 14.1
Range 124-184

ECOG PS, Eastern Cooperative Oncology Group performance status; PTHrP,
parathyroid hormone-related protein; CSC, corrected serum calcium.
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Figure 1. Percentage of patients achieving a CR (CSC <10.8 mg/dl). Days 4,7
and 10 have a time window of days 2-5, 6-8 and 9-11, respectively.

CR RATE AND TIME TO RELAPSE

The primary efficacy variable, CR rate by day 10, was 84%
[95% confidence interval (CI), 63.9-95.5%] (Fig. 1). Approxi-
mately half of patients treated with zoledronic acid reached
CR by day 4. '

The CSC level decreased in all patients after zoledronic acid
treatment (Fig. 2). Finally, four out of 25 patients did
not achieve CR; however, their CSC levels decreased to
~11 mg/dl including a patient whose CSC was lowered by
>5 mg/dl from baseline. The mean CSC level decreased from
14.5 mg/d! before treatment to 9.6 mg/dl on day 10. The mean
(£SD) change in CSC level from day 1 (baseline) to days 4, 7
and 10 was —3.30 (£1.63), —4.67 (£1.84) and —4.89 mg/dl
(£1.97), respectively.

The median time to relapse was 23 days, ranging from 0 (not
CR) to 56 days (95% CI, 16-29 days). In patients who achieved
CR, the median duration of CR was 22 days (95% CI, 11 to >56
days).

EFFICACY ACCORDING TO SELECTED SUBGROUP

The CR rate and time to relapse were compared between
patients with a baseline CSC of >13.6 or <13.6 mg/dl, with
or without bone metastases, with breast/myeloma or other
cancer types and with PTHrP <2.0 or >2.0 pmol/l (Table 2).
Although there were only five patients with the lower value,
‘there was a significant difference in time to relapse according
to the baseline PTHrP (P = 0.004).

CLINICAL SYMPTOMS ASSOCIATED WITH HCM

Clinical symptoms associated with HCM, including depressed
level of consciousness, anorexia, nausea, vomiting, fatigue
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Figure 2. Course of the CSC in individual patients (A) and mean CSC (B) at
baseline and days 4, 7 and 10 after treatment with zoledronic acid. Days 4, 7 and
10 have a time window of days 2-5, 6-8 and 9-11, respectively.

Table 2. CR rate and time to relapse of initial treatment for selected subgroup

CR patients/
all patients

Median time to relapse
in days (range)

All 21/25 (84%) 23 (0-56)
Baseline CSC
>13.6 mg/dl 13/16 (81%) 18 (0-56)
<13.6 mg/dl 8/9 (89%) 29 (0-56)
P=1.00 P =056
Bone metastasis
Present 14/15 (93%) 23 (0-56)
Absent 7710 (70%) 22.5 (0-56)
P =027 P =090
Cancer type
Breast/myeloma 9/11 (82%) 28 (0-56)
Other 12/14 (86%) 17 (0-52)
P =100 P =0.33
PTHrP level
<2.0 pmol/l 515 (100%) >56 (10-56) .
>2.0 pmol/l 16/20 (80%) 17 (0-52)
P =055 P =0.004

Statistical data of CR rate and time to relapse were analyzed by Fisher’'s exact test
and log rank test, respectively.
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Table 3. Adverse events

Grade 0, Grade 1, Grade 2, Grade 3, Grade 4, Total (n =26),

n (%) n (%) 1 (%) n (%) n (%) n (%)
Fever 2 (8) 10 39) 14 1 (4) 0 14 (54)
Hypophosphatemia (decreased blood phosphate) 0 0 0 8 (31 2(8) 10 (38)
Hypokalemia (decreased blood potassium) 0 0 0 4(15) 0 4 (15)
Increased urinary B, microglobulin 0 4(15) 0 0 0 4 (15)
Hematuria (occult blood in urine) 0 2 (8) 0 0 0 2(8)
Increased AST 0 0 2(8) 0 0 2(8)
Increased ALT 0 0 1 (4) 1) 0 2(8)
Increased y-GTP 0 0 0 1(4) 0 1(4)
Increased serum creatinine 0 0 1(4) 0 0 1 (4)
Anemia (decreased hemoglobin) 0 0 0 0 1 (4) 1 (4)
Hypocalcemia (decreased blood calcium) 0 0 0 0 14 14)
Nausea 0 1 @) 0 0 0 14
Vomiting 0 0 1(4) 0 0 1(4)
Blister - 0 1(4) 0 0 0 1 (@)
Pulmonary edema 0 0 0 0 14) 1 4)
Disturbance of consciousness 0 0 1 4) 0 0 1 (4)
Hypoesthesia 0 1 (4) 0 0 0 14
Headache 0 14) - 0 0 0 1(4)
Polyuria 0 0 1 4) 0 0 1 4)
Eczema 0 1 (4) 0 0 0 1@

Adverse events where a causal relationship with the study drug could not be ruled out are shown.

and mouth dryness, improved in accordance with decreasing
CSC level. The proportions of patients in whom each symptom
was improved at day 10 were 88.9% (eight out of nine),
68.2% (15-out of 22), 64.7% (11 out of 17), 75.0% (three
out of four), 66.7% (14 out of 21) and 64.7% (11 out of 17),
respectively.

RE-TREATMENT WITH ZOLEDRONIC ACID

Seven patients who relapsed within 56 days after having
achieved a CR and one patient who did not achieve a CR to
the initial treatment were re-treated with a 4 mg dose. The
mean baseline CSC before the re-treatment was 12.8 mg/dl
(range, 11.7-15.2), while it was 15.3 mg/dl (range, 12.4-18.4)
before the initial treatment in these eight patients. After
re-treatment with a 4 mg dose, four patients achieved a CR by
day 10, including the patient who did not achieve a CR to the
initial treatment. These patients were not documented as
relapsed until death or the end of study except for the patient
with non-CR to the initial treatment, who had increased CSC at
day 8 after re-treatment.

SAFETY

Safety was evaluated in all 26 treated patients. Zoledronic acid
4 mg was well tolerated. Adverse events with which a causal

relationship with the study drug could not be ruled out are
listed in Table 3. The most frequently observed adverse
event was fever (<38°C). Electrolyte abnormalities suspected
to be drug related including grade 3 or 4 hypocalcemia, hypo-
phosphatemia and hypokalemia were observed in 11 patients;
however, all patients were asymptomatic. Grade 4 pulmonary
edema, as a serious adverse event, was observed 2 days after
the first administration of zoledronic acid in a patient with lung
cancer who had lymphangitis, pleural effusion and pericardial
effusion before the therapy. The pulmonary edema might have
been related to the primary cancer and/or hydration, but a
causal relationship to infusion of zoledronic acid could not
be ruled out completely. No serious adverse events associated
with renal toxicity were reported.

DISCUSSION

This. study demonstrated the calcium-lowering effect and
safety of zoledronic acid in the treatment of HCM in Japanese
patients. The CSC level decreased in all patients after
zoledronic acid treatment, and 84% of the patients became
normocalcemic by day 10. The CR rate of our study was
similar to that of large randomized studies of zoledronic
acid in patients with HCM reported by Major-et al. (84 versus
88%) (5) on the same eligibility and response criteria.



In the above studies by Major et al., subgroup analysis indi-
cated zoledronic acid 4 mg to be equally effective with regard
to the CR rate independent of a patient’s demographics, such as
baseline CSC, PTHrP, presence of bone metastases and cancer
type. Although the subgroup analysis of CR rate in this
Japanese trial showed some variation, our observation seemed
to be comparable considering that the number of patients in
each subgroup was small.

Our study demonstrated shorter time to relapse than reported
by Major et al. (median, 23 versus 30 days). Duration of CR
demonstrated the same tendency (median, 22 versus 32 days).
The reason for the difference in duration of response might be
due to a difference in patient demographics between these
studies. Although the background of the patients including
tumor type, sex, age and CSC at baseline were similar, the
frequency of elevated (>2 pmol/l) PTHrP in our study was
higher than that in the studies by Major et al. (80 versus
23%). Time to relapse was shorter in patients with high PTHrP
levels than in patients with low levels. Considering PTHrP
is accompanied by enhancement of kidney re-absorption of
calcium and activation of osteoclasts, the higher proportion
of patients with high PTHrP levels in our study may explain
the shorter time to relapse and CR duration compared with the
study by Major et al.

It is also noteworthy that the calcium-lowering effect of
zoledronic acid 4 mg was retained even if patients had an
elevated PTHrP level; nevertheless, it was reported that
bisphosphonates such as pamidronate and ibandronate were
less effective in reducing the serum calcium level in patients
who had a higher PTHrP level (6~10). This important property
is presumably due to the more potent pharmacological activity
of zoledronic acid.

Currently, pamidronate, incadronate and alendronate are
available for treatment of HCM in Japan. Although incadro-
nate and alendronate have not been compared directly in clin-
ical studies, available data indicate that zoledronic acid is more
effective. For instance, a single recommended dose of inca-
dronate 10 mg yielded normalization of calcium in 58% of
patients with mean initial CSC of 14.2 mg/dl in a Japanese dose
response study with HCM (11); and single doses of 5, 10 or
15 mg of alendronate resulted in an overall normalization
rate of 74% and a time to relapse of 15 days with an initial
CSC of 11.5 mg/dl (12).

The safety profile of zoledronic acid was similar to that of
other bisphosphonates. The most frequent adverse events
occurring in this study, i.e. transient fever and abnormality
of electrolytes, were typical of bisphosphonates as a class.
" The incidence of these adverse events was generally within
the expected range from the previous pamidronate trials (13).
Although urinary laboratory abnormalities, such as urinary
B, microglobulin and hematuria, were reported, no clinically
relevant symptoms were observed. No patient developed grade
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3 or 4 serum creatinine changes. Bisphosphonates, however,
have been associated with impairment of renal function. The
risk of renal dysfunction with zoledronic acid was also reported
in cancer indications necessitating repeated dosing, but was
similar to pamidronate (14). Monitoring of renal function
therefore should be routine practice, particularly when patients
have underlying or concomitant illnesses associated with renal
function impairment. HCM constitutes a potentially life-threat-
ening condition, thus serum creatinine levels of up to 4.5 mg/dl
were accepted as baseline level at study entry.

In conclusion, zoledronic acid at a dose of 4 mg is well
tolerated, and it effectively induces durable reduction in the
corrected serum calcium level and improves the symptoms of
HCM in Japanese patients.
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INTRODUCTION

Despite recent tremendous advances in diagnostic
technologies, many gallbladder carcinomas are detect-
ed at an advanced stage when the tumor has already
invaded adjacent organs or major vessels. Then, vari-
ous kinds of combined resection are required to obtain
higher resectability and curability. Recently, aggres-
sive surgical approaches, including resection of the
liver, pancreas, arid major vessels have been chal-
lenged, but their results have been discouraging and
long-term survivors are the exceptions (1,2).

Hyperthermia has been used in combination with
radiation therapy and/or chemotherapy and is consid-
ered to be effective for certain type of tumors (3). Since
1985, we have performed triodality treatment with
hyperthermia, chemotherapy and radiotherapy (ther-
mo-chemo-radiotherapy: TCRT) for advanced gall-
bladder carcinoma (4). The aim of this report is to
assess the value of TCRT for advanced gallbladder car-
cinoma in comparison with other treatment modali-
ties.
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METHODOLOGY
Patients

We experienced 357 patients with gallbladder car-
cinoma in Tokyo Metropolitan Komagome Hospital
between 1976 and 2001. According to the pTNM sys-
tem proposed by the American Joint Committee on
Cancer (AJCC) (5), 270 cases were advanced gallblad-
der carcinomas histologically or roentographically
confirmed as Stage IV tumors. Stage IV gallbladder
carcinoma is defined as tumor extending more than
2cm into liver and/or into two or more adjacent organs
(T4), or with metastasis in peripancreatic, periduode-
nal, periportal, celiac and/or superior mesenteric
lymph nodes (N2), or with distant metastasis (M1).
Roentographic diagnosis was based on the results of
more than three imaging diagnostic techniques: com-
puted tomography, ultrasonography, magnetic reso-
nance cholangiopancreatography, angiography, percu-
taneous transhepatic cholangiography or endoscopic
retrograde cholangiopancreatography. Thus, 270
patients were analyzed in this study.

rdeg yeursriQ

KEY WORDS:
Hyperthermia;
Gallbladder
carcinoma;
Thermo-chemo-
radiotherapy

ABBREVIATIONS:
Thermo-chemo-
radiotherapy
(TCRT); American
Joint Committee
on Cancer
(AJCC); Cis-
platinum (CDDP);
5-Fluorouracil
(5-Fu);
Methotolexate
(MTX);
Intraoperative
Radiation Therapy
(IORT); External
Beam Radiation
Therapy (EBRT);
Complete
Regression (CR);
Partial Regression
(PR); No Change
(NC); National
Cancer Institute
Common Toxicity
Criteria
(NCI-CTC);
Percutaneous
Transhepatic
Cholangiodrainage
(PTCD);
Radiotherapy (RT)



