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CASE REPORT

Nonmyeloablative Allogeneic Stem Cell Transplantation for
Patients With Unresectable Pancreatic Cancer

Toshio Takahashi, MD, FACS, Yasushi Omuro, MD, Gaku Matsumoto, MD, Hisashi Sakamaki, 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 § 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 chimetism 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 reliefin 2 patients, and 2 decrease
in pleural fluid in | patient. Two patients developed acute graft versus
host disease (GVHD) of grade Il or Il and 2 had chronic GVHD
involving skin and/or liver. Administraticn 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: nonmyeleoablative allogeneic stem cell transplantation,
pancreatic cancer, graft versus tumor effect, graft versus host disease,
tumor regression, chimerism

(Pancreas 2004;28:e65-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 with 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 | 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), | had
bone metastasis (patient 5), and | 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
HLA-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

GVYHD CA-19-9 (U/mL)
Patient  Age/ Prior GVT Clinical _—
No.  Gender  Metastases Therapy Histology Acute  Chronic  Effect Effects Pre-NST Post-NST  Qutcome
1 59F  None None Adenocarci- None Extensive + 80% Tumor 27 2.5 Dead(d 349)
noma reduction,
pain relief .
2 40M  Liver Gemcitabine  Adenocarci- GradeIll, Extensive +  40% Tumor 2744 228  Dead(d 156)
noma liver, reduction,
gut pain relief
3 68M  Liver Gemcitabine  Adenocarci- None — None Progressive 21,396 26,060  Dead(d 52)
noma disease
4 61F  Pleura, Bypass Adenocarci- None None 4+  Decreased 394 232 Dead(d 172)
lymphnodes  operation, noma pleural fluid
gemcitabine
5 63M  Bone, Bypass Adenocarci- Grade I, — 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
30 is shown in Table 2, More than 90% T-cell donor chimerism
in peripheral blood was obtained on day 15 in patients 1, 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 2 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 due
to increasingly severe abdominal and back pain of 1-month
duration and body weight loss. Abdominal CT revealed a het-
erogeneously enhanced 10 x 8.0-cm mass, with an irregular
lew-density area (Fig. 1A}, and angiography demonstrated
major vascular invasion. Fine needle aspiration biopsy of the
tumor confirmed adenocarcinoma (Fig. 2). Based on these
findings, the patient was diagnosed with pancreatic tumor, and
although the tumor appeared not to be a typical pancreatic duct
cell cancer, it definitely arose from the pancreatic tissue itself
as shown on CT and angiography. We deemed the turnor un-
resectable due to the major vascular invasion by the cancer.

Pretransplantation conditioning consisted of 60 mg/kg
cycloghosphamide intravenously on days —7 and —6 and 25
mg/m fludarabine intravenously from days —5 to —1. Cyclo-
sporine was started on day —2. Her HLA-identical sister (HLA-
A24,B52,B55, DR15, DR9) was given 10 pg/kg granulocyte
colony-stimulating factor (G-CSF) subcutaneously daily for 5
days, and a mobilized peripheral blood stem cell allograft was
collected by leukapheresis on the day 5 and day 6 of G-CSF

© 2004 Lippincott Williams & Wilkins
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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 10° 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 turnor In patient 1,
B: The tumor cells forming adeno-
matous structures were considered
adenocarcinoma.

© 2004 Lippincott Williams & Wilkins e67
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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 gemecitabine, 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 I1I 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: MR! 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-gelf”’ 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
stemn 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 trangplantation.

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. _ 7

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

Two of the 5 patients undergoing NST developed acute
grade I or III GVHD. GVHD did not always occur in all pa-
tients who developed the GVT effect in our trial; patients | 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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" toxicity profiles, there was no significant difference in survival.

© 2004 Cancer Research UK

! nfortunately, non-small-cell lung cancer (NSCLC) is a member of
fthe‘group of neoplastic diseases that is relatively chemoresistant.
ent meta-analyses show that cisplatin-based chemotherapy

5

Kiriproves survival (Non-Small Cell Lung Cancer Collaborative
¥Group, 1995), and it is considered a standard treatment for
tNSCLC, Most cisplatin-based regimens have substantial toxicities
?%E_tigit‘require close monitoring and supportive care, Thus, there is a
tneed to develop active and less toxic chemotherapy regimens that

include new active compounds with nével mechanisms of action.

i the 1990s, several new, active therapies with single-agent
Tesponse rates of 15-30% became available for NSCLC, including
ot otecan, docetaxel, paclitaxel, vinorelbine, and gemcitabine.
{Because irinotecan and docetaxel were approved for NSCLC earlier
#thdn the other drugs in Japan, development of regimens containin§
trinotecan or docetaxel is more advanced. Docetaxel 60 mgm
gh_‘p'w‘red good antitumour activity against advanced NSCLC
{_(KL’;nitoh et al, 1996}, and the combination of docetaxel plus
“Cisplatin (DC) is one of the most effective regimens for advanced
QNSCLC (Rodriguez et al, 2001; Schiller et al, 2002). Studies in
tJapan included a phase II study in which DC yielded 2 response
ate of 429 (Okamoto et al, 2002}, and a phase III study in which

i:’fCDrrespondence: N Yamamoto, Thoracic Oncology Division, Shizuoka
iCancer Center Hospital, 1007 Shimonagakubo, Nagaizumi-cho, Sunto-
18un, Shizucka, 411-8777, Japan; E-mail: nyamamoto@scchrjp

i{§§¢eived 2 May 2003; revised ¢ September 2003; accepted 6 October
2003

Docetaxel plus cisplatin and docetaxel plus irinotecan are active and well-tolerated chemotherapy regimens for advanced non-small-
cell lung cancer (NSCLC). A randomised phase |l study compared their efficacy and toxicity in {08 patients with stage lllb/IvV NSCLC,
who were randomised to receive docetaxel 60mg m~2 and cisplatin 80 mgm™? on day | (DC; n=>51), or docetaxel &0 mgm~2 on
day 8 and irinotecan 60mgm™2 on day [ and 8 (DY n=57) every 3 weeks. Response rates ware 37% for DC and 32% for DI
patients, Median survival times and |- and 2-year survival rates were 50 weels (35% confidence interval: 3478 weeks), 47 and 25%
for DC, and 46 weeks (35% confidence interval: 37 -54 weeks), 40 and 18% for D), respectively. The progression-free survival time
was 20 weeks (95% confidence interval: 14~25 weeks) with DC and 18 (95% confidence interval: 12—22 weeks) with DI,
Significantly more DI than DC patients had grade 4 leucopenia and neutropenia (P<001); more DC patients had grade =2
thrombocytopenia (P <0.01). Nausea and vomiting was more pronounced with DC (P<0.01); diarrhoea was more common with DI
(P =001). Three treatment-related deaths occurred in DC patients, In conclusion, although the DI and DC regimens had different

British fournal of Cancer (2004) 90, 87 -92. doi:10.1038/s).bjc.6601462  www.bjcancer.com

" Keywords: combination chemotherapy: doublets; irinotecan; cisplatin; docetaxel; non-smafl-cell lung cancer; carboplatin

DC was associated with better survival than the vindesine and
cisplatin (VC) combination (Kubota et al, 2002).

Irinptecan demonstrated activity similar to that of VC in stage
IIIL/IV NSCLC (Negoro et al, 2003), and significant longer overall
survival time than VC in stage IV NSCLC (Fukuoka et af, 2000).
We reported a phase I study of docetaxel plus irinotecan (DI) in
patients with advanced NSCLC, in which & promising response rate
of 48% and the median survival time of 48 weeks were achieved
with acceptable toxicities (Masuda et af, 2000). Thus, DI appeared
to be & promising non-cisplatin-containing regimen.

Based on the above findings, we conducted a randomised trial of
DC vs DI in patients with advanced NSCLC to compare the
tespective response rates, survival data, and toxicity profiles of the
two regimens. This was a multicentred phase II study.

PATIENTS AND METHODS
Patients

Patients enrolled in this trial had histologically or cytologically
confirmed stage IIIb or [V NSCLC. Patients with stage IlIb disease
who were not candidates for thoracic radiation and patients with
stage [V disease were eligible if they had not received previous
therapy, had measurable disease, and had a life expectancy of at
least 3 months, Additional entry criteria were age =20 years,
performance status of 0 or 1 on the Eastern Cooperative Oncology
Group (ECOG) scale, adequate bone marrow function {leucocyte
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count 4000-12000 4!, haemoglobin concentration >9.5gdl™
platelet count =100 000 ul™'), kidney function {creatinine <
upper limit of normal, 24-h creatinine clearance >60ml min™"),
liver function (aspartate aminotransferase (AST) and alanine
aminotransferase {ALT) <2.0 times the upper limit of normal,
total bilirubin € 1.5mg dI™"), and pulmonary function (PaQ, =60
torr). Patients with active concomitant or a recent (<3 years)
history of any malignancy, symptomatic brain metastases, past
history of drug allergy reactions, complication by interstitial
pneumonia, watery diarrhoea, fleus, treatment with nonsteroidal
anti-inflammatory drugs, or other serious complications, such as
uncontrolled angina pectoris, myocardial infarction within 3
months, heart failure, uncontrolled diabetes mellitus or hyperten-
sion, massive pleural effusion or ascites, or serious active infection
were excluded. All patients gave written informed consent, and the
institutional review board for human experimentation approved
the protocol.

Study evaluations

Pretreatment studies included a complete medical history and
physical examination, chest X-ray, electrocardiography, computed
tomography (CT) scan of the brain and chest, CT or ultrasound
examination of the abdomen, and bone scintigraphy. Blood and
blood chemistry studies included complete blood cell count, liver
function test, serum electrolytes, serum creatinine, and blood urea
nitrogen. Chest X-ray, blood and blood chemistry analyses, and
urinalysis were repeated weekly.

Randomisation and treatment schedule

Patients were randomly assigned to receive the DC regimen or the
DI regimen by a minimisation method using stage (IIIB/IV) and
treatment institution. The DC regimen was consisting of docetaxel
60mgm™ on day 1 and cisplatin 80 mgm™2 on day 1, and the DI
regimen was consisting of docetaxel 60mg m~? as a 60-min

intravenous infusion on day 8 and irinotecan 60 mg m~? as a 50-°

min intravenous infusion on days 1 and 8 (Figure 1). Both
regimens were repeated every 3 weeks. Participating researchers at
each institution decided the amount of fluid replacement and the
type of antiemetic therapy to administer. Standard antiemetic
treatment in the DC arm consisted of 5-HT; receptor antagonist
plus 16 mg dexamethasone intravenously on day 1, before cisplatin
administration. In the DI arm, standard antiemetic treatment
consisted of 5-HT; receptor antagonist intravenously before
chemotherapy administration on days 1 and 8. Patients received
at least two treatment cycles, and those with a complete or partial

— DC arm: docetaxel/cisplatin
A Day 1 8 15 22 29
n Docetaxel 60 mgm™= @ ®
d . . -2
o Cisplatin 80 mgm™= A A
m
i
Z D1 arm: docetaxelfirinotecan
§ Day 4+ 8 15 22 29
o Docetaxel 60 mg m™ L e
n lrinotecan 60 mgm™ A A A A

«Stage lllb vs 1V
« Institution

Figure 1 Treatment schema: after stratification by stage and institution,
enrolled patients were randomly allocated to receive docetaxel plus
cisplatin (DC) or docetaxel plus irinotecan (DI).
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response after two cycles had treatment continued until there was;
evidence of disease progression, intolerable toxicity, or patient
refusal. ‘ @
“

Dose modifications g

Toxicity assessment was based on the National Cancer Institute -
Common Toxicity Criteria version 2,0, Dose levels and treatment,
schedule were modified to avoid severe adverse effects. Patients;
receiving DI had the day-8 docetaxel and irinotecan doses:
postponed to day 15 if any of the following toxicities was present’
on day 8 leucocyte count <3000ui', platelet counf
<100000 ™" diarrhoea consisting of bloody or watery stools;|
or increased to two or more diarrhoea within 24 h, abdominal paiﬁ‘—!
rated mild or worse, hepatic toxicity > grade 3, or fever > 38°C, It
these toxicities occurred on day 15 after skipping the day-g|
treatment, DI was stopped in that course,

Patients could receive the next treatment course only if they
following criteria were met: leucocyte count 34000 1™", platelef
count >100000xl~" AST/ALT <2.0 times the upper limit off
normal, total bilirubin <1.5mgdl™ serum creatinine < r.he1
upper limit of normal, ECOG P$<2, neurotoxicity <grade 1, no!
diarrhoea or oedema. However, if more than 6 weeks passed before!
these criteria were satisfied, the patient was removed from the:
study. it
Dose modification criteria for each drug are shown in Table L. Ig':r
during the previous course, grade 4 leucopenia, grade 4!
neutropenia lasting >3 days, or grade 4 thrombocytopenia had;
occurred, doses of all drugs were reduced by 10 mgm™2, Doses of;
both cisplatin and docetaxel were reduced by 10mgm™ in
subsequent cycles if chemotherapy induced grade 22 neurotoxiy
city. Moreover, dose of docetaxel was reduced by 10 mgm~? jf
grade >2 hepatic toxicity or grade >3 stomatitis had occurred
Dose of cisplatin was reduced by 20 fmg/m? if grade 22 renal
toxicity occurred. Dose of irinotecan was reduced by Smg m™2 i
grade 2 hepatic toxicity had occurred and by 10mg m~?if gradé‘
22 diarrhoea or cancellation of day-8 treatment had occurred. i

1

1
b
Tumour response was classified according to World Healﬂi‘
Organization (WHO) criteria (World Health Organization, 1979);
Complete response was defined as complete disappearance of all
measurable and assessable disease for at least 4 weeks, Partidl,
response was a 350% decrease in the sum of the products of thf'!;
two IL largest perpendicular diameters of all measurable tumours)
lasting at least 4 weeks and without appearance of any new lesioﬁsié
No change was defined as a <50% decrease or a <25% incredst:
of tumor lesions for at least 4 weeks with no new Iesio"ffé'f

Evaluation of response and survival

Table | Dose modification criteria
Decreasae in  Decrease in
docetaxel cisplatin
Toxicities in previous dose dose
cycle {mgim™%) (mg/m™%)
Grade 4 neutropenia lasting 10 10
23 days, leucopenia or
thrombocytopenia
Grade 22 neurctoxicity 10 10
Grade 22 renal toxicity — 20
Grade 22 hepatic toxicity 10 —
Grade 23 stomnatitis 10 —

Grade 22 diarrhoea — —
Cancellation of day-8 — —
treatment
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[“Progressive disease was defined as development of new-lesions or
"3 25% increase in the sum of the products of the two largest
erpendicular diameters of all measurable tumors. Duration of

 response in patients who achieved complete or partial response
§'was measured from the start of treatment to the date of disease

rogression.

tatistical methods

esults of this study were evaluated to determine whether the
ocetaxel plus irinotecan combination warranted further assess-
fient in a phase III trial. Thus, this study was designed to conduct
wo randomised phase II studies concurrently. We calculated the
umber of patients required for each of the two studies based on
Fleming’s single-stage procedure (Fleming, 1982). In both
tudies, we set response rates of 40% as target activity level and
% as the lowest level of interest with a power of 0.9 at 2 one-
ided significance level of 0.05. As a result, a total of 100 qualified
atients were to be enrolled, with 50 patients in each treatment
rm. The primary objective was to estimate the response rate to
th regimens, particularly to irinotecan plus docetaxel,

Overall survival and progression-free survival were analysed by
“the Kaplan-Meier method. The overall survival was measured
”‘-from study entry to death. The progression-free survival was
easured from study entry until the day of the first evidence of
ease progression. If the disease had not progressed by the time
this analysis, progression-free survival was considered censored
the time of the analysis. All comparisons between patient
echaracteristics, response  rates, and toxicity incidences were
: rformed by Pearson’s x* contingency table analysis,

I

!RESULTS

fPatlent characteristics

From October 1998 to August 1999, 108 patients were assigned to
{‘feké:ewe DC (r=>51) or DI {(n =57). Baseline patient characteristics
according to treatment arm are shown in Table 2. Patients were
balanced between the two treatment arms m terms of gender,

atients were included in the survival evaluation, and all were
ssable for antitumor efficacy and toxicity.

'txg‘ts in both treatment arms received a median of two
r"nent courses. Two or more courses were delivered to 72.5

2 Baseline patient characteristics

Docetaxell Docetaxelf
cisplatin  irinotecan  * text
51 - 57
Male/female 37/14 38/19 P=0537
Median 62 60
Range 39-74 42-77
0/ 15736 15/42 P=0830
Adeanocar¢inoma 35 44 P=0520
Squamous cell 13 9
carcinoma
Others 2 4
by 11/40 14/43 P=0820
metastasus {(+¥(-) 4147 [1/46 P=0086
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DC and DI arms, respectively. Differences between arms in the
number of chemotherapy courses administered were not statisti-
cally significant.

Response to treatment and survival

There were no complete responses. In the DC arm, 19 patients had
partial responses for an overall response rate of 37% (Table 3).
Among DI patients, 18 had partial responses for an overall
response rate of 32%. The difference in response rate between
arms was not significant (P =0.55). Progressive disease was noted
in twice as many DI (25%) than DC (12%) patients. Early deaths
within 3 months of treatment initiation occurred in 10% (n=5) of
DC and 5% (n=3) of DI patients. The early deaths were treatment-
related (three patients, all in the DC arm) or due to disease
progression (five patients).

Overall and progression-free survival curves for the two
treatment arms are shown in Figures 2 and 3. The median
progression-free survival time was 20 weeks (95% confidence
interval: 14 -25 weeks) in the DC arm vs 18 weeks {95% confidence
interval: 12-22 weeks) in the DI arm. Median survival times, 1-
year survival rates, and 2-year survival rates were 50 weeks {95%

. confidence interval 34 -78 weeks), 47 and 25%, respectively, in the

DC arm, and 46 weeks (95% confidence interval: 37 - 54 weeks), 40
and 18%, respectively, in the DI arm. No significant differences
were noted between groups in progression-free survival (P=10.33)
or overall survival (P=0.50), although there were trends toward
higher 1-year and 2-year survival rates in the DC.

Table 3 Overall response to docetaxel/cisplatin {DC) or docetaxel/
irnotecan (D) in patients with stages Ib/IV non-small-cell lung cancer

DC (p=51) DI (n=467)
Response No. pts Mo, pts
Complete response 0 0
Partial response 9 18
No change 23 25
Progressive disease 6 14
NE (TRD) 3 0
Response rate 37.3%* 31.6%*
55% Confidence intervals 24.1=-51.9% 19.9-45.2%
pts = patients; NE = not evaluable; TRD = treatment-related dsath, 'P =055,
1.0 1
0.8+
% 06
; DC arm
® 0.4
Dlarm
0.2 1
0 -
0 20 40 60 80 100 120 140 160

Time (weeks)

Figure 2 Overall survival according to treatment group, calculated by

Kaplan—Meier method. Median survival times were 50 weeks for DC

{docetaxel plus cisplatin) and 46 weeks for DI {docetaxel plus irinotecan).
=0.50 between treatment groups.
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1.0 1

0.8 -

0.4

DC arm
0.2 -

Progression-free survival

Dl arm
0 i : b1
0 20 40 60 80 100

Time {weeks)

Y i

120 140 160
Figure 3 Progression-free survival according to treatment group,
calculated by Kaplan—Meier method. Median progression-free survival
times were 20 weeks for DC (docetaxel plus cisplatiny and |8 weeks for D
(docetaxel plus irinotecan). P=0.33 between treatment groups.

Table 4 Haematologic toxicity: maximum toxicity grade in any course

Docetaxel/
irinotecan (% pts)

Docetaxel/
cisplatin (% pts)

Toxicitylgrade 2 3 4 2 3 4
Leucoperia” 3l 43 4 26 40 16
Neutropenia” to 31 43 4 23 6!
Anaemia 47 10 2 46 7 0
Thrombocytopenia” 10 4 0 0 0 0
Febrile neutropenia 20 28

pts = patients. P <0.01 for grade 4; P <001 for the sum of grades 2 and 3.

Second-line chemotherapy was administered to 61 patients
{24 DC and 37 DI patients). A total of 22 patients in the DI group
received cisplatin-based second-line chemotherapy and five had
partial responses to this treatment (overall response rate, 23%). In
particular, nine patients were subsequently treated with vinor-
elbine containing regimen and three patients had a partial
response. Only two pzments in the DC group received an
irinotecan-containing regimen, one of whom had a partial
response. Concerning as second-line chest irradiation, 8 patients
in the DC group and 13 patients the DI group received.

Toxicity

Haematologic and nonhaematologic toxicities are listed in Tables 4
and 5. Grade 4 leucopenia and neutropenia occurred in a
significantly higher percentage of DI than DC patients {leucopenia
16 vs 4%, P <0.01; neutropenia 61 vs 43%, P <0.01). On the other
hand, there was a higher rate of grade >2 thrombocytopenia in
the DC than in the DI arm {14 vs 0%, P<0.01). Rates of anaemia
(decrease in haemoglobin) and febrile neutropenia were similar in
both groups.

Nonhaematclogic toxicities including grade =2 nausea (88 vs
51%, P<0.01), vomiting (39 vs 14%, P<0.01), and renal toxicity
{increased serum creatinine; 12 vs 2%, P<0.01} were significantly
morte prevalent in the DC than in the DI arm, respectively. On the
other hand, grade 2 diarrhoea occurred significantly more often
in DI than in DC patients (24 vs 42%, P=0.01). Other
nonhaematologic toxicities, such as hepatic toxicity and peripheral
neuropathy, were mild and occurred with similar frequency in
both groups.

British Journal of Cancer (2004) 90(1), 87-92

‘all and progression-free survival, patients who received DI tended(

‘1
Table 5 Nonhaematologic toxicity: maximum toxicity grade in any
course

Docetaxelf
irinotecan (% pts)

Docetaxel
cisplatin {% pts)

Toxicitylgrade 2 3 4 2 3 4
Diarrhoga’ 18 é 0 26 12 4
MNausea” 53 13 0 33 18 0
Vomiting™ 33 p 4 14 0 0
Peripheral neurcpathy pi 0 0 2 0 04
AST increase 8 2 2 7 0 2
ALT increase 14 4 0 g 2 2
ALP increase 8 2 0 4 0 0
Creatinine increase” 10 0 2 0 0 2 ‘\ g

pts =patients; AST= aspartate aminotransferase; ALT = alanine ammotransreme;
ALP = zlkaline phosphatase. P <0.0| for the sum of grades 2, 3, and 4; P =001 i&f;
the sum of grades 2, 3, and 4,

There were three treatment-related deaths in the DC arm, wh['cfl,
were due to febrile neutropenia and sepsis (one of these patlents
also developed perforatlon of the cesophagus). No treatment.
related deaths occurred in the DI arm. The difference in 1nc1den
of treatment-related deaths was not significant.

DISCUSSION

Results of this randomised phase II study showed that the doub
chemotherapy regimens DC and DI had comparable activity
patients with advanced NSCLC. A primary goal of this study wai:tg:
determine whether the DI combinatior should be studied in thc
phase III setting. Although there were no differences between Dii
and DC -a third-generation cisplatin- containing regimen - in ov

to have lower l-year and 2- -year survival rates. Furthermore\
overall toxicity was not reduced in the DI arm compared with. the
DC arm. Leuccpenia and neutropema were the major toxicities; m.
both groups. As expected emesis and renal toxicity were mm;T
prevalent in patients receiving DC, and diarrhoea occurred more
frequently with DL

Cisplatin has played a prominent role in the treatme :
NSCLC, despite a relatively unimpressive single-agent respon !
rate and a relatively severe toxicity profile. In 1995, the Non- Srall:
Cell Lung Cancer Collaborative Group published a pivotal me
analysis of chemotherapy in lung cancer and demonstrate
advantage of cisplatin-based regimens over best supportive carg:
{Non-Small Cell Lung Cancer Collaborative Group, 1995). In, “the
1990s, third-generation chemotherapeutic agents, including pacl_r;ii
taxel, docetaxel, vinorelbine, gemcitabine and irinotecan, Wi éj
shown to have higher response rates often coupled with fe) -‘
adverse effects (no renal toxicity, no massive dehydration ess,
emesis, etc.) than cisplatin. For example, single-agent pacl .9_[
(Ranson et al, 2000), docetaxel (Roszkowski et al, 2000
vinorelbine (The Elderly Lung Cancer Vinorelbine Italian
Group, 1999) significantly improved survival compared with

et al, 2003) demonstrated a survival benefit comparable to that.f
second-generation chemotherapy regimens {cisplatin plus vindes
sine, cisplatin plus etoposide). Based on the above results,_ ¢
thought that combination chemotherapy consisting of thl‘ y
generation agents might improve outcome for patients wi
advanced NSCLC,
Only one pubhshed study compared cisplatin-based ;2
noncisplatin-based regimens that included third- generat1
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“agents. Georgoulias et al (2001) conducted a randomised study of
i* cisplatin plus docetaxel (CD) ws gemcitabine plus docetaxel (GD)
bin 441 advanced NSCLC patients. The noncisplatin regimen
 ‘provided a comparable response rate (CD 32.4%, GD 30.2%) and
¢ median survival time (CD 10 months, GD 9.5 months) but with less
“toxicity. The authors stated that the non-cisplatin GD regimen
- would likely be more acceptable to patients based on convenience
“of administration. However, several randomized trials reported at
cent international meetings showed slightly shorter survival
“times with noncisplatin compared with cisplatin-based combina-

hit g

; tions. Preliminary results of the EORTC-Lung Cancer Group phase
11 study of cisplatin plus paclitaxel vs cisplatin plus gemcitabine vs
paclitaxel plus gemcitabine in 480 patients with advanced NSCLC
.tévealed superior overall survival and progression-free survival
iwith the cisplatin-based regimens (Van Meerbeeck et al, 2001).
= Moreaver, in a recent Italian~Canadian intergroup study of 501
atients comparing gemcitabine plus vinorelbine with cisplatin
plus vinorelbine or gemcitabine, the noncisplatin regimen
s/provided only short-term and sporadic advantages in some
f*quality-of-life components, but there were no significant differ-
ices in overall and progression-free survival (Gridelli et al, 2002),
The best known noncisplatin platinum-based chemotherapy
gimen is the paclitaxel plus carboplatin doublet. A Southwest
ncology Group study compared vinorelbine plus cisplatin with
tpaclitaxel plus carboplatin. No differences in the overall survival or
. quality of life were noted between the two treatment groups, but
Xicity rates were significantly lower in patients who received
aclitaxel plus carboplatin (Chen et al, 2002). Results of a recent
+ECOG randomised phase III trial evaluating four platinum-based
*}q}iémotherapy regimens showed no significant differences in the
f:!"c:i;v‘{:rall survival, while the paclitaxel plus carboplatin combination
wis less toxic than cisplatin-based chemotherapy (Schiller et al,
02). Based on these findings, the paclitaxel plus carboplatin
:tegimen is considered a standard therapy for previously untreated
patients with advanced NSCLC, with activity comparable to that of
cisplatin-based regimens and better tolerability.
‘The utility of doublet regimens containing third-generation
ciémotherapeutic agents for advanced NSCLC thus needs to be
‘evaluated against the paclitaxel plus carboplatin combination, and
veral such studies were reported or are ongoing. The Hellenic
-Cooperative Oncalogy Group is conducting a phase III randomised
. study of paclitaxel plus carboplatin vs paclitaxel plus gemcitabine,
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and final results indicate comparable activity, toxicity and total
cost of the two regimens in patients with inoperable NSCLC
(Kosmidis et al, 2002). The Taiwan group conducted a similar
study and found that paclitaxel plus carboplatin and paclitaxel plus
gemcitabine had similar efficacy in the treatment of NSCLC, but
that paclitaxel plus carboplatin was more cost-effective (Chen et al,
2002).

As mentioned in the introductory paragraphs, we conducted a
phase T study of docetaxel plus irinotecan (DI} in patients with
advanced NSCLC, and had a promising response rate of 48% and
median survival time of 48 weeks (Masuda et al, 2000). Although
we recommended docetaxel 50 mgm™ on day 1 plus irinotecan
50 mgm™2 on days 1, 8, and 15 in the phase [ study, more than half
of patients could not receive irinotecan on day 15 because of
haematologic toxicities. Accordingly, the day-15 irinotecan dose
was omitted and the day-2 docetaxel dose moved to day 8 and
increased from 50 to 60 mgm™? in this randomised phase II trial.

It has been reported that second-line chemotherapy compared
with best supportive care may increase the overall survival in
patients with advanced NSCLC, and more studies in this regard are
needed. In a recent study in which patients received cisplatin-
based chemotherapy followed by docetaxel or supportive care
alone, the median survival was significantly longer in the
docetaxel-treated patients (Shepherd et al, 2000). In our study,
52% of patients were treated with second-line chemotherapy. Of
these, 19 (33%) DI patients received cisplatin-based second-line
chemotherapy, five of whom (26%) responded. Thus, cisplatin-
based chemotherapy is capable of exerting antitumour activity in
patients who have relapsed after having received noncisplatin-
containing regimens.

Only two patients in the DC group received an irinotecan-
containing regimen, one of whom had 2 partial response. As there
were only two patients, we cannot judge whether irinotecan-
containing regimen is effective for the patients after having
received cisplatin-containing regimen,

In conclusion, docetaxel plus irinotecan combinations may be
reasonable treatment options for NSCLC patients who cannot
tolerate cisplatin. However, as there was no significant difference
in the overall survival and no reduction in overall toxicity, DI has
not improved on results obtained with DC. Thus, we will not select
docetaxel/irinotecan as the experimental regimen in the next phase
III study of first-line treatment of advanced NSCLC.
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Letters to the Editor

Effect of re-treatment with gefitinib
(‘Iressa’, ZD1839) after acquisition
of resistance

A 70-year-old man with adenocarcinoma of the lung developed
pulmonary metastases 7 months after middle and lower lobectomy
of the right lung in October 1998. He received four courses of
first-line chemotherapy with docetaxelfirinotecan from June to
September 1999. The best response was stable disease and, after
6 months of treatment, there was evidence of progressive disease
with increase in size and number of pulmonary metastases, There-
fore, we recommended enrollment in a phase I study of gefitinib
(‘Iressa’) [1]. an orally active epidermal growth factor receptor
{(EGFR) tyrosine kinase inhibitor.

The patient began to take gefitinib 700 mg/day in March 2000.
Remarkable tumor regression was immediately achieved in April
2000 (Figure 1). This response lasted for 18 months. However,
pulmonary metastases again developed (considered to be progres-
sive disease), and gefitinib was discontinued in October 2001. The
patient received a combination of nedaplatin, a second-generation
platinum complex with high antitumor activity against non-small-
cell lung cancer [2], and gemcitabine in November 2001. Signifi-
cant tumor regression was achieved, and a total of six courses
from November to April 2002 were administered. Pulmonary
metastases progressed again and pulmonary effusion developed in
August 2002. Although progressed, he had few symptoms, and
was considered to have a performance status of 0. We planned to
use a chemotherapy regimen that had not previously been used for
this patient, but instead commenced re-treatment with gefitinib at
the patient’s request on September 3, 2002 (gefitinib 250 mg/day
had by this time been approved for use in Japan). One month later,
a significant response had been achieved (Figure 1).

This is an interesting case in which acquired resistance to gefitinib
could be overcome. There are some possible explanations. First,
resistance to gefitinib might naturally change over time, but there
is no report of this so far. Secondly, because platinum-based ¢yto-
toxic chemotherapy was administered after the first treatment
with gefitinib, the proportion of sensitive or resistant cells might
have been modified. Thirdly, treatment with cytotoxic chemo-
therapy might produce genetic changes in EGFR or other
unknown associated genes that regulate resistance to gefitinib.
Saltz et al. reported that a combination of the EGFR inhibitor
cetuximab (C225) and irinotecan produced a 22.5% partial
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response in patients with irinotecan-refractory colorectai cancer
with high EGFR expression [3]. In contrast to that report, cytotoxic
agents have the possibility of modifying resistance to cytostatic
agents. Recently, two large phase III studies to compare concurrent
use of conventional platinum-based chemotherapy (carboplatin/
paclitaxel] or cisplatin/gemcitabine) and gefitinib with conventional .
chemotherapy alone were reported [4, 5]. No differences in overall
survival were found. These results suggested that gefitinib and
chemotherapy may be targeting the same cells with the possibility
of overlapping activity. If cytotoxic agents altered sensitivity to
gefitinib by genetic modification, chemotherapy followed by
gefitinib might be superior to concurrent use. Gefitinib is a very
promising agent, but little knowledge is available concerning the
types of cases for which gefitinib should be administered, or how
gefitinib should be combined with conventional cytotoxic agents,
Further investigations are needed to answer these questions.
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Figure 1, A 70-year-old man with adenocarcinoma of the lung. CT scan before treatment of gefitinib (A}, after initiation of treatment (B), before re-treatment
{C) and after initiation of re-treatment (D),
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Based on the results of a meta-analysis (Non-Small Cell Lung
Cancer Collaborative Group, 1995), cisplatin-based chemotherapy
is considered the best available therapy for patients with locally
advanced or metastatic non-small-cell lung cancer (NSCLC).
Although several new agents with novel mechanisms and signi-
ficant activity against NSCLC have been introduced, such as taxanes,
gemcitabine and vinorelbine, any of these agents used in combina-
tion with a platinum agent provide equivalent survival improvement
(Kelly et al, 2001; Schiller et al, 2002; Fossella et al, 2003). The
prognosis of advanced NSCLC patiénts who receive cisplatin-based
chemotherapy is still poor, and the renal and gastrointestinal
toxicities caused by cisplatin often limit its clinical use. Therefore,
development of different treatment strategies is necessary.
Nedaplatin is a second-generation platinum derjvative that has
shown equivalent antitumour activity and lower toxicity - less
nausea, and lower nephrotoxicity and neurotoxicity - than
cisplatin (Kameyama et al, 1990; Ota et al, 1992). A phase I study
demonstrated the maximum tolerated dose (MTD) and the
recommended dose {RD) for phase II studies of nedaplatin was
120 and 100mgm™?, respectively, and the dose-limiting toxicity
(DLT) was thrombocytopenia (Ota ef al, 1992). Two independent
phase II studies of nedaplatin for NSCLC showed response rates of
14.7 and 20.5%, respectively, and 16.7 and 12.5% with the patients
who had received chemotherapy previously (Fukuda et al, 1990;
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To establish the toxicities and maximum tolerated dose (MTD) of nedaplatin with gemcitabine, and to observe their antitumour,
activity, we conducted a combination phase | study in advanced non-small-cell lung cancer (NSCLC). Patients received nedaplatin
(60— 100mgm™? given intravencusly over 90 min) on day |, and gemcitabine (800~ 1000 mgm™? given intravenously over 30min)
on days |, 8, every 3 weeks. In total, 20 patients with locally advanced or metastatic NSCLC who received no prior chemotherapy or
one previous chemotherapy regimen were enrolled. The most frequent toxicities were neutropenia and thrombocytopenia;
nonhaematological toxicities were generally mild, Three out of six patients experienced dose-limiting toxicities {neutropenia,
thrombocytopenia and delayed anaemia) at dose fevel 4, 100 mgm™? nedaplatin with 1000 mgm™ 2 gemcitabine, which was regarded
as the MTD. There were three partial responses, for an overall response rate of 16.7%. The median survival time and |-year survival
rate were 9.1 months and 34.1%. respectively. This combination is well tolerated and active for advanced NSCLC. The
recommended dose is 80 mgm™? nedaplatin with 000 mgm ™2 gemcitabine. This combination chemotherapy warrants a phase Il
study and further evaluation in prospective randomised trials with cisplatin- or carboplatin-based combinations as first-fine
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Furuse et al, 1992a). Based on these promising results, a
randomised stody of nedaplatin - vindesine vs cisplatin - vindesine
was conducted for previously untreated NSCLC patients in Japan
and indicated that nedaplatin-based chemotherapy yielded similar
response rates and overall survival (Furuse et al, 1992b),
Leucopenia, renal toxicities and gastrointestinal toxicities were
more frequent in the cisplatin-vindesine arm, while thrombocy-
topenia was more frequent in the nedaplatin -vindesine arm.

Gemcitabine, an analogue of deoxycytidine, is a pyrimidine
antimetabolite, that shows a reproducible response rates of >20%
with a median survival time of 9 months, offering a quality of life
benefit in comparison with best supportive care (Abratt et al, 1994;
Anderson et al, 1994; Gatzemeier et al, 1996; Anderson et al, 2000).
The main toxicity of gemcitabine is mild-to-moderate myelosup-
pression. The combination of gemcitabine and cisplatin showed
synergistic effects in preclinical studies because gemcitabine
inhibited the repair of DNA damage caused by cisplatin (Bergman
et al, 1996}, and achieved high response rates along with
improvements in median survival time in clinical setting {Sandler
et al, 2000; Schiller ef al, 2002; Alberola et al, 2003).

Recently, carboplatin has attracted attention ahead of nedaplatin
because it has similar activity to cisplatin with fewer nonhaema-
tological toxicities. The available data suggest that carboplatin-
paclitaxel or carboplatin-gemcitabine should be considered
among standard regimen for advanced NSCLC (Kelly et al, 2001;
Grigorescu et al, 2002; Rudd et al, 2002; Schiller et al, 2002).

It seems that nedaplatin has activity and toxicity profiles similar
to those of carboplatin, although no randomised trial has not been
done to allow direct comparison (Fukuda et al, 1990; Furuse et al,



1992a; Ota et al, 1992). Moreover, Matsumoto et al (2001)
demonstrated that the combination of nedaplatin and gemcitabine
resulted in enhanced inhibition of tumour growth in vivo and the
antitumour efficacy of the combination was superior to that of
cisplatin - gemcitabine or carboplatin - gemcitabine. Based on the
results of a preclinical study, we designed the present phase I study
of the efficacy of the combination of nedaplatin and gemcitabine
for advanced NSCLC. The purpose of this study was to establish
the toxicities and MTD of this combination, to determine the RD
for phase II studies, and to observe their antitumour activity.

PATIENTS AND METHODS
Patient eligibility

Patients with histologic or cytologic confirmation of locally
advanced or metastatic NSCLC who received either no prior
chemotherapy or one previous chemotherapy regimen were
eligible. The eligibility criteria were as follows; (1) measurable
lesions; (2) age <75 years; (3) Eastern Cooperative Oncology
Group (ECOG) performance status (PS) 0-1; (4) adequate organ
function (a white blood count (WBC) =4000 pl'“l, a neutrophil
count 32000 pul~", a platelet count 2100000 #1™", 2 haemoglobin
count 29.5gdl™", serum total bilirubin <1.5mgdl™}, serum
transaminase <2 x upper normal limits, a serum creatinine <
upper normal limits, blood urea nitrogen (BUN) <25 mgdl'l,
PaQ, 260mmHtg or Sp0,; =90%]; and {5) normal electrocardio-
gram (ECG). At least 4 weeks must have passed after the
completion of previous therapy and the patients had to have
recovered from the toxic effects of previous therapy. The exclusion
criteria consisted of pulmonary fibrosis or interstitial pneumonitis
with symptoms or apparent abnormalities on chest X-ray, massive
pleural effusion or ascites, acute inflammation, pregnancy,
lactation, symptomatic brain metastases, active concurrent malig-
nancies, severe drug allergies, severe heart disease, cerebrovascular
disease, uncontrollable diabetes mellitus or hypertension, severe
infection, active peptic ulcer, ileus, paralysis intestinal, diarrhoea
and jaundice. This study was performed at Kinki University
School of Medicine and was approved by the Institutional
Review Board. Written informed consent was obtained from all
patients, This study was conducted in accordance with Declaration
of Helsinki.

Pretreatment and follow-up studies

Prior to entry, a complete history was taken and physical
examination including age, height, weight, performance status,
histological diagnosis, tumour stage, contents of previous treat-
ment and presence of a complication was performed. The
pretreatment laboratory investigations included a complete blood
cell count, differential WBC count, platelet count, serum electro-
lytes, total protein, albumin, total bilirubin, transaminase, alkaline
phosphatase, lactate dehydrogenase, BUN, creatinine, creatinine
clearance and urinalysis. After the initiation of therapy, a complete
blood cell count with a differential WBC count was performed at
least twice a week. Blood chemistry profiles and chest X-ray films
were obtained weekly. The lesion measurements were performed
during at least every second course. Toxicities were evaluated
according to the National Cancer Institute Common Toxicity
* Criteria (NCI-CTC) version 2 and tumour responses were assessed
using the Response Evaluation Criteria in Solid Tumors (RECIST)
guidelines (Therasse et al, 2000). Time to progression was
measured from the date of registration to the date of first
progression or death from any cause. Survival time was also
measured from the date of registration to the date of death or latest
follow-up, and was calculated using the Kaplan-Meier method
(Kaplan and Meier, 1958).
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Drug administration and dose escalation

The treatment schedule included nedaplatin, diluted with 500 ml of
normal saline, given intravenously over $0min on day 1, and
gemcitabine with 100 ml of normal saline, given intravenously over
30 min after the completion of nedaplatin infusion on days 1 and 8,
every 3 weeks. All patients were allowed to receive antiemetics with
dexamethasone and granisetron, and post-therapy hydration with
1000 ml of normal saline, Granulocyte colony-stimulating factor
(G-CSF) prophylaxis was not administered. Doses of gemcitabine
on day 8 were given if the WBC count was >2000 ul™" and/or the
platelet count was = 750000 1", and/or allergic reaction, fever,
elevation of transaminase and pneumonitis were less than grade 2,
and/or the other nonhaematological toxicities were less than grade
3. The subsequent courses were withheld until the toxic levels
returned to those specified in the eligibility criteria. The doses of
both drugs were decreased by one dose level if DLTs occurred. In
the case of the initial dose level, the doses of nedaplatin and
gemcitabine were reduced by 20 and 200 mgm™?, respectively. *
Dose escalations were performed as listed in Table 1, Intrapatient
dose escalation was not allowed. At least three patients were treated
at each dose level, and three additional patients were entered at the
same dose level if DLT was observed in one of the first three
patients. The MTD was defined as the dose level at which more
than two of three patients, or three of six patients experienced DLT.
The definition of DLT was as follows: (1) grade 4 leukopenia, (2)
grade 4 neutropenia for more than 4 days, (3) thrombocytopenia
<20000 17", (4) grade 3 febrile neutropenia, (5) grade 3 nonhae-
matologic toxicity except for nausea/vomiting, (6) delay of admi-
nistration of gemcitabine on day 8 over a week for toxicities.

RESULTS

Between August 2001 and February 2003, 20 patients were enrolled
in this study. The total and the median number of courses were 56
and 3 (range 1-6), respectively. The patients’ characteristics are
shown in Table 2. The majority of patients had a PS of 1. There

Table | Dose-escalation schera

Nedaplatin dose  Gemcitabine dose  No. of patients

Dose level {mgm~?) {(mgm™}) (courses)
| &0 800 3(8
2 80 800 310
3 80 1000 8 (18)
4 100 1000 6 (20)
Table 2 Patients' characteristics
No, of patients 20
Age, years Median 635
Range 36-74
Sex MaleHemale 1713
Performance status 0/l 515
Histology Adeno/squamous 1317
Stage [1BAY 4116
Prior therapy None 5
Surgery 5
Radiation 6
Chemotherapy 14
CDDP-based 3
CBDCA-based 4
Nenplatinum 4
UFT 2
Gefitinin I
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were five previously untreated patients (level 3, two patients; level
4, three patients) and 15 (75%) previously treated patients. Of the
previously treated patients, five had received prior surgery, five
had prior radiotherapy, and 14 had prior chemaotherapy, Seven had
received platinum-based chemotherapy (cisplatin, three patients;
carboplatin, four patients), and four a nonplatinum regimen.
Responses to previous chemotherapy included partial response in
five patients, stable disease in seven, progressive disease in one,
and not evaluable in one. The median interval from previous
treatment was 16 weeks (range 4-92.5 weeks). Out of 20 patients,
18 were assessable for toxicity and response, Two patients at level 3
were excluded from the toxicity and response evaluation because
they had refused this study after registration.

Toxicities

The haematological and nonhaematological toxicities observed
during the first course are shown in Tables 3 and 4, respectively.
The most frequent toxicities observed in the first cycle were
neutropenia and thrombocytopenia {Table 3). One-third of the
patients had grade 3 thrombocytopenia, and one patient received a
platelet transfusion during the first course. Three patients had
grade 4 neutropenia for no longer than 4 days. The nadir for
neutropenia and thrombocytopenia occurred on day 15 (median,
range 5-18), and on day 15 {median, range 8-18), respectively,
Nonhaematological toxicities generally were mild because none of
the patients had experienced more than grade 3 in the first course
(Table 4). The major toxicities following all courses are listed in
Table 5. Grade 3 thrombocytopenia occurred in 16 out of 56
courses, and three patients received platelet transfusion (one
patient at level 1, one at level 3 and one at level 4). However, no
patient had haemorrhagic complications. The most frequent
nonhaematological toxicities were elevation of transaminase
activity, nausea and appetite loss, but all were mild, One previously
untreated patient at level 3 experienced grade 3 pneumonitis after

the fifth course, probably induced by this treatment, and the
patient’s condition improved after the administration of steroid.
There was no treatment-related death. One of the 18 patients at
level 4 underwent dose reduction after the first course due to
neutropenia, and two patients at level 3 did not receive
gemcitabine on day 8 because they had neutropenia, thrombocy-
topenia and high transaminase activity, Delays in the commence-
ment of subsequent courses occurred in 11 courses, and the
median length of the delay before starting the subsequent course
was 21 days (21-35 days).

MTD and DLTs

At levels 1 and 2, none of the patients had developed a DLT.
Haematological and nonhaematological toxicities were generally
mild at these levels, although one patient had grade 3 thrombo-
cytopenia at level 1, At level 3, two of six assessable patients had
developed DLTs. Both could not receive their scheduled dose of
gemcitabine on day 8 because they had neutropenia, thrombocy-
topenia and high transaminase activity. At level 4, three of six
patients had developed DLTs. One patient received G-CSF for
neutropenia, not lasting more than 4 days, which was considered
as the DLT. Another patient required a platelet infusion because of
thrombocytopenia <2000041™", The third patient could not
receive the second course due to the delayed anaemia, also
considered as DLT. Therefore, dose level 4,100 mgm™? nedaplatin
with 1000mgm™ gemcitabine was regarded as the MTD. The
recommended dose level for further phase II study was deterinined
to be 80 mgm™ nedaplatin with 1000 mgm=2 gemcitabine (dose
level 3 in this study).

Response and survival

There were three partial responses, for an overall response rate of
16.7%. As for squamous cell carcinoma, only one out of seven

Table 3 Haematological toxicity following first course of nedaplatin and gemcitabine

WBC grade ANC grade plt grade Hb grade

Dose level No, of patients 0 | 2 3 4 0 | 2 3 4 ¢ | 2 3 4 0 1 2 3 4
! 3 0 2 ! 0 ] 0 | 2 0 ¢ 0 I I | ¢ 0 2 I ¢ o0
2 3 | 0 2 o it ) 0 f I 0 6 3 o 0o o ¢ ! 2 0 0
3 é ! | 2 | 0 2 0 0 3 ! [ 2 | 2 0 3 3 0 0 o0
4 6 I 0 3 2 0 0 0 3 I 2 0o 2 I I 0 0 3 i 0’0
Table 4 Nonhaematological toxicity following first course of nedaplatin and gemcitabine

Nausea grade Yomiting grade Fatigue grade Transaminase grade
Dose level No. of patients 0 1 2 3 4 0 l 2 3 4 0 I 2 3 4 4 t 2 3 4
1 3 30 0 0 0 3 0 0 0 0 1 I 0 0 0 3 0 0 0 0
2 3 ! I b0 0 3 0 0 0 o ! 2 0 0 Q ! 2 0 0 0
3 é 2 3 I 0 0 5 ! 0o 0 0 4 2 ¢ ¢ 0 3 | 2 0 0
4 6 2 2 2 0 0 & 0 0 0 O & 0 0 0 ¢ ! 5 0 0 0

Infection grade Fever grade Appetite loss grade Constipation grade
Dose level No. of patients 0 I 2 3 4 0 I T 3 4 0 1 2 3 4 o I 2 3 4
I 3 i 0 0 0 0 3 0 0 0©0 0 3 0 0 o 0 3 0 0 0 0
2 3 2 0 | ¢ 0 2 I 0 0 o | 2 0 0 0 3 0 0 0 0
3 6 6 0 0 0 0 & 0 0 0 o0 2 4 0 G 0 4 2 0 0 &)
4 6 4 ¢ 2 0 O 6 0 0 0 0 2 1 ¢ 0 0 4 2 0 0 0
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Table § Toxicities following all courses of nedaplatin and gemcitabine

(5€)

Grade

] 2 3 4
WBC 13 26 10 0
ANC IS5 15 13 3
Hb 24 27 | 0
Pht 2 14 16 0
MNausea 17 4 Y 0
Vomiting 6 0 o 0
Appetite loss 21 0 i] o
Fatigue 15 0 0] 0
Constipation [ 7 0 0
Transaminase 27 5 0 0
Neuropathy 5 0 0 0
Prneumonitis o 0 I 0
Fever t ¢ 0 0
Infection [} 3 | 0

patients had a partial response. The median progression-free
survival time was 5.1 months. The median survival time and 1-year
survival rate were 9.1 months and 34.1%, respectively. Qut of 15
patients who had received prior treatment, two (13.3%) achieved a
partial response, and there was no clear relationship between
responses to previous treatment and responses to this regimen. For
previously treated patients, the median survival time and 1-year
survival rate were 9.2 months and 40.3%, respectively. Among five
previously untreated patients, one (20%) achieved a partial
response and the median survival time and 1-year survival rate
were 12.0 months and 50.0%, respectively.

DISCUSSION

Many recent randomised clinical trials have shown that the
combinations of cisplatin with one of the new agents, such as
gemcitabine, taxanes or vinorelbine, is the standard therapy for
patients with locally advanced or metastatic NSCLC (Non-Small
Cell Lung Cancer Collaborative Group, 1995; Kelly et al, 2001;
Schiller et al, 2002; Fossella et al, 2003). As it is known that
cisplatin strongly promotes nephrotoxicity, neurotoxicity and
gastrointestinal toxicity, second-generation platinum-containing
compounds including carboplatin have attracted attention. Based
on several randomised trials that have shown that the combination
of carboplatin with paclitaxel produces similar response rates and
overall survival with a more favourable toxicity profile than the
combination of cisplatin with new agents (Kelly et al, 2001;
Scagliotti et al, 2002; Schiller et al, 2002), combined therapy of
carboplatin and paclitaxel is considered to be a standard therapy.
More recently, the combination of carboplatin with gemcitabine
has become attractive as a therapy for advanced NSCLC. Some
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2002). However, neutropenia and thrombocytopenia were more
common in carboplatin-gemcitabine regimens than others;
thrombocytopenia was particularly common,

Like carboplatin, nedaplatin is also a second-generation
platinum derivative that appears to have a similar mechanism
and toxicity profile to carboplatin, although direct comparison has
not been performed. Moreover, in vivo study suggested that
nedaplatin - gemcitabine resulted in more enhanced inhibition of
tumour growth than cisplatin-gemcitabine or carboplatin- -
gemcitabine. These results prompted us to investigate nedapla-'
tin-based combinations and to conduct this phase 1 study.

With respect to toxicities, the most frequent toxicities were
haematological toxicities, especially neutropenia and thrombocy-
topenia. Bight of 18 patients (44.4%) developed more than grade 3
neutropenia after the first courses, and after 16 out of 56 (28.6%)
courses overall. On the other hand, six out of 16 patients {37.5%)
developed grade 3 thrombocytopenia after the first courses, and
after 16 out of 56 courses (37.5%) overall. However, patients
required platelet transfusions during only three courses. In
addition, one previously untreated patient developed drug-related
preumenitis, which improved with the administration of steroid,
at level 3 after the fifth course.

Overall, the toxicities of the combination of nedaplatin with
gemcitabine were generally mild and this combination chemother-
apy is both well tolerated and active against advanced NSCLC,

The overall response rate of 16.7%, the median survival time of
9.1 months, and 1-year survival rate of 34.1% in this study were
quite acceptable because most patients had been given prior
chemotherapy. As evaluation of antitumour activity was not a
primary objective, and our patient population was small and
heterogeneous, we are unable to draw definitive conclusions about
the activity of this regimen. Currently, it is still controversial
whether novel platinum compounds such as carboplatin and
nedaplatin could replace cisplatin for the treatment of advanced
NSCLC. However, when not only antitumour activity but also
palliation are the main goals of treatment, these new platinum
compounds might play a useful role because of their favourable
toxicity profile. Therefore, nedaplatin-gemcitabine warrants a
phase Il study, and further evaluation in prospective randomised
trials with cisplatin- or carboplatin-based combinations as a first- ,
line chemotherapy for advanced NSCLC in order to investigate .
whether nedaplatin could replace cisplatin or carboplatin.

In conclusion, the combination of nedaplatin with gemcitabine
is well tolerated and active for advanced NSCLC. The MTD and
recommended dose level are 100 mg m™ nedaplatin with 1000 mgm™?
gemcitabine and 80 mgm™2 nedaplatin with 1000 mgm™* gemci-
tabine, respectively.
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KEYWORDS Summary

- Gefitintb; . e T Background: The purpose of the study was to identify the potential predictive features

- Non-small-celtiung . . - associated with the response and survival benefit of gefitinib administration. We have

CCANEeT ey e retrospectively reviewed data of all patients who received a single regimen of gefitinib
Prognostic factor;. . in our institution from August 1998 until July 2003,

" Smokingindex; . ... Methods: Overall 101 patients with non-small-cell lung cancer (NSCLC) who have re-

ceived a single use of gefitinib were analyzed. Potential factors associated with the
response of gefitinib included smoking index, gender, histology, performance status
{PS), number of pre-treatments, age and stage. Univariate analysis was performed
for these strata by Fisher's exact test and multivariate analysis was then performed
using the logistic regression model.

Results: The overall response rate was 19.8%. Univariate analysis revealed that sig-
nificant predictive factors were associated with the response for 'adenocarcinoma’,
'female’, 'good PS’ (0-l) and 'non-smoker’ categories. Multivariate analysis limited
the predictive factors associated with the response for 'female’ (P = 0.0032), ‘good
PS' (P < 0.02) and 'non-smoker’ (P = 0.0417), In survival analyses, ‘female’ (P <
0.005}, 'good PS' (P < 0,0001), and a low level of the smoking index {P < 0.05) indi-
cated significantly prolonged survival. Response and survival data in elderly patients
were equivalent to those in younger patients. Adverse events (AEs) were generally
mild and were almost always skin reactions and diarrhea. Interstitial lung disease
{ILD) occurred in 4% of the group under observation.

Conclusions: Gefitinib provided clinical benefit for the following factors ‘female’,
'good PS’ and "non-smoker’. A low smoking index is reported as a novel predictive
prognostic factor following a single regimen of gefitinib.

© 2004 Elsevier Ireland Ltd. AU rights reserved.
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