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BACKGROUND. Although the novel cytidine analog gemcitabine has shown superior

antitumor activity compared with weekly bolus 5-fluorouracil in patients with

advanced pancreatic carcinoma, further improvements of therapeutic results are

warranted. The current Phase II study was initiated to investigate whether this

might be achieved by dose intensification.

METHODS. Between August 1997 and September 1998, 43 consecutive patients with

metastatic pancreatic adenocarcinoma were enrolled in this multicenter Phase II

trial. Patients received 4 weekly courses of gemcitabine 2200 mg/m
2

given as

intravenous infusion during 30 minutes on Days 1 and 15 for a duration of 6

months unless there was prior evidence of progressive disease. The efficacy of

treatment was assessed according to standard criteria, i.e., objective response,

progression free survival, and overall survival, as well as by analysis of clinical

benefit response (defined as $ 50% reduction in pain intensity, $ 50% reduction

in daily analgesic consumption, and/or $ 20 point improvement in Karnofsky

performance status that was sustained for $ 4 consecutive weeks).

RESULTS. Of 43 patients evaluable for objective response, 1 achieved complete and

8 partial remissions, for an overall response rate of 21% (95% confidence interval,

10 –36%); 18 additional patients (42%) had stable and 16 (37%) progressive disease.

The median time to progression was 5.3 months. Median survival was 8.8 months,

and the probability of surviving beyond 12 months was 26.3%. Of 36 patients with

tumor-related symptoms who were considered evaluable for clinical benefit re-

sponse, 16 (44%) experienced significant palliation. The median time to achieve a

clinical benefit response was 6 weeks, and its median duration was 27 weeks.

Chemotherapy was well tolerated, with leukopenia/granulocytopenia representing

the most common side effect. Gastrointestinal and other subjective toxicities were

infrequent and generally mild.

CONCLUSIONS. Biweekly high dose gemcitabine seems to represent a safe, tolera-

ble, and effective regimen for the palliative treatment of patients with advanced

pancreatic carcinoma. Cancer 2000;88:2505–11.

© 2000 American Cancer Society.
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Pancreatic adenocarcinoma, which is responsible for approxi-
mately 5% of all cancer-related deaths in the Western world,1

continues to be a major unresolved health care problem. The large
majority of patients presents with disease that is beyond the scope of
surgical cure, and their clinical course is characterized by debilitating
symptoms and an extremely poor prognosis: in case of distant me-
tastases, the median survival duration is generally , 3 months.2

In a recently published randomized trial, the novel cytidine an-
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alog gemcitabine was shown to be more effective than
5-fluorouracil (FU), though the latter drug might have
been used in a suboptimal way, i.e., a single weekly
bolus rather than an infusional schedule with or with-
out leucovorin. The reported objective response rate
for gemcitabine was only 5.4%. Similarly, there was
only a modest survival advantage (5.65 vs. 4.41
months), and only 1 of 4 patients (23.8%) experienced
clinical benefit.3 Further improvements in the thera-
peutic management of patients with advanced pan-
creatic carcinoma are certainly warranted and might
be achieved by combining gemcitabine with other
active cytotoxic drugs. Encouraging preliminary data
in patients with this common and fatal malignancy
have been reported for its combination with cispla-
tin,4,5 and bolus and continuous FU,6 – 8 docetaxel,9 as
well as epirubicin.10 Another possibility to enhance
the antitumor potential of gemcitabine may represent
its dose intensification. Preclinical data evaluating the
in vitro activity of gemcitabine against human tumor
colony-forming units taken directly from patients and
growing in soft agar,11 as well as studies with various
established human tumor cell lines including those of
pancreatic carcinoma origin,12–14 have suggested a
dose–response relation. Similar observations have
been made in the clinical setting, at least in patients
with advanced nonsmall cell lung carcinoma (NSCLC);
an analysis of European, South African, Japanese, and
other international Phase II studies showed that re-
sponses were not observed in patients who received
, 900 mg/m2/week as opposed to higher doses.15–19

Furthermore, in two disease-oriented Phase I trials in
chemotherapy-naive patients with NSCLC evaluating
dose escalations from 1000 to 3500 mg/m2/week, an
obvious trend of higher responses at higher dose levels
(. 2200 mg/m2/week) was noted.20,21 Thus, despite a
possible threshold of transport saturation with higher
doses of gemcitabine when given during a short du-
ration, a certain dose–response relation seems to exist;
this might be explained by the multiplicity of the sites
of action of this drug.22 Of note, much higher doses
than the usual 1000 mg/m2 schedule of 30-minute
weekly infusions seem to be well tolerated with my-
elosuppression and reversible transaminase elevation
representing the most common dose-limiting toxicity.

The current multicenter Phase II study was initi-
ated to investigate the feasability and therapeutic in-
dex of such an escalated dose regimen of gemcitabine
in patients with advanced pancreatic adenocarci-
noma. The antitumor efficacy was assessed by con-
ventional measures, i.e., objective response, time to
progression, and median survival, as well as by clinical
benefit response analysis as previously described.3,23

PATIENTS AND METHODS
Patient Selection
Patients eligible for the study were required to have
histologically or cytologically ascertained metastatic
adenocarcinoma of the pancreas. Patients with resect-
able tumors as well as those with locally advanced,
inoperable disease were not included in the study.
Further inclusion criteria were bidimensionally mea-
surable disease, age between 19 and 75 years, and an
anticipated life expectancy of at least 3 months. Fur-
thermore, patients were required to have a baseline
Karnofsky performance status of at least 50% and to
have adequate renal (serum creatinine level , 1.5
mg/dL), liver (total bilirubin level , 1.5 mg/dL and
transaminase levels less than two times the upper
limits of normal) and bone marrow function (leuco-
cyte count $ 4000/mL, absolute granulocyte count
$ 2000/mL, and platelet count $ 100,000/mL). Patients
with other serious or uncontrolled concurrent medical
illness or with central nervous system metastases were
not eligible for treatment, and neither were those who
had undergone any prior palliative chemotherapy. A
minimum of 2 weeks was required to have elapsed in
case of prior abdominal exploration or palliative sur-
gery. Informed consent was obtained from all patients
according to institutional regulations.

Pretreatment and Follow-Up Evaluation
Pretreatment evaluation included a complete medical
history, physical examination, electrocardiogram,
echocardiography, and routine laboratory studies. The
latter consisted of a complete blood count with plate-
let and leucocyte differential count, and an 18-func-
tion biochemical profile. Imaging procedures included
chest X-ray and computed tomography of the abdo-
men. Complete blood counts, differential counts, and
liver functional parameters were determined weekly,
and complete biochemical profiles were assessed be-
fore each treatment cycle. Objective tumor assess-
ments were performed at the end of every two cycles
during chemotherapy and every 2–3 months after dis-
continuation of treatment.

Treatment Protocol
Chemotherapy consisted of gemcitabine (2200 mg/
m

2

) diluted in 250 mL normal saline administered as a
30-minute intravenous infusion on Days 1 and 15.
Treatment courses were repeated every 4 weeks and
continued for patients achieving objective response or
stable disease until a total of 6 courses. Ondansetron
(8 mg) was routinely administered before cytotoxic
drug administration.
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Toxicity and Dosage Modification Guidelines
Adverse reactions were evaluated according to World
Health Organisation (WHO) criteria.24 Chemothera-
peutic drug doses were reduced by 25% in subsequent
cycles if the lowest WBC (absolute granulocyte) count
was , 1000/mL (500/mL), the lowest platelet count was
, 50,000/mL, or if any severe (WHO Grade 3 or higher)
nonhematologic toxicity was observed in the previous
cycle. Treatment could be delayed for up to 2 weeks if
the WBC count was lower than 3000/mL and/or the
platelet count lower than 75,000/mL. Any patient who
required more than 2 weeks for hematologic recovery
was taken off the study.

Assessment of Objective and Clinical Benefit Response
The primary study end point was objective response
rate. A complete response (CR) was defined as the
disappearance of all clinical evidence of tumor for a
minimum of 4 weeks during which time the patient
was free of all symptoms related to cancer. Partial
response (PR) was defined as a . 50% decrease in the
sum of the products of the longest perpendicular di-
ameters of all measurable disease with no new lesions
appearing and none progressing for at least 4 consec-
utive weeks. Patients were rated progressive (PD) if
any new lesion appeared, or tumor size increased by
25% higher than pretreatment measurements, or in
case of a deterioration in clinical status that was con-
sistent with disease progression. Patients who failed to
meet the criteria of CR, PR, or PD and who remained
on study for at least 2 months were classified as having
stable disease. In case of PR or CR, a second assess-
ment 4 weeks later was required for confirmation of
response; all tumor measurements in patients who
responded were reviewed and confirmed by a refer-
ence radiologist. Secondary study end points included
the duration of response (measured from the onset of
the best response to the date of disease progression),
time to progression (TTP; calculated from the date of
initiation of therapy to the date when progressive dis-
ease first was observed), and overall survival.

In addition to these objective study end points,
clinical benefit was evaluated in symptomatic patients
as previously described.3,23 Pain (computed as the
mean of the pain intensity scores recorded daily by the
patient on a 100-mm visual analog scale (VAS), plus
analgesic consumption, expressed as morphine equiv-
alent mg/day and computed as the mean of the daily
use indicated in a diary) and Karnofsky performance
status (assessed weekly by two independent observers
with selection of the lower value if the scores differed)
composed the primary measures of clinical benefit
and were assessed weekly. Weight change, also re-

corded weekly (and excluding patients who developed
third-space fluid or required parenteral nutrition at
any time during the study) was considered as a sec-
ondary measure. To achieve an overall rating of pos-
itive clinical benefit response, patients had to benefit
for at least one parameter (pain: a $ 50% improve-
ment in pain intensity and/or a $ 50% decrease in
analgesic consumption compared with baseline;
Karnofsky performance status: a $ 20-point improve-
ment above baseline; weight: increase by $ 7% above
baseline) without worsening of any other parameter
(i.e., deterioration in pain intensity measurements
and/or increase in analgesic consumption by any de-
gree; worsening in performance status by $ 20 points
above baseline). This improvement had to last for at
least 4 weeks. The primary measures of pain and per-
formance status were evaluated first; a patient who
was rated stable on these primary measures (i.e., nei-
ther categorized as positive or as negative) could be
classified as having achieved an overall clinical benefit
response only if weight was positive. All other patients
were classified as not having achieved clinical benefit
response.

The duration of clinical benefit response was de-
fined as the duration of the positive classification in
case of a single component. If multiple components
were positive, the duration of clinical benefit response
was defined as the largest number of consecutive
weeks during which there was a positive change for at
least one of the components.

Statistical Methods
Using standard statistical methods, we used a two-
stage design in the protocol.25 If no CR or PR were
noted in the first cohort of 14 patients, a response rate
of . 20% could be excluded with 95% confidence and
accrual would stop. If at least one CR or PR was ob-
served, . 30 patients were to be entered in the study
to determine the response rate more accurately. For
the response rates, 95% confidence intervals were cal-
culated as previously described.26 The distribution of
TTP and time to death from the date of study entry
were estimated using the Kaplan–Meier product-limit
method.27

RESULTS
Patient Population
Between August 1997 and September 1998, a total of
43 patients (27 men and 16 women, with a median age
of 65 years) were entered onto this trial from 4 differ-
ent institutions. All patients were considered evalu-
able for response and toxicity assessment. The demo-
graphic data, prior surgical procedures, histologic
grade, and sites of metastatic tumor are listed in Table
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1. Six patients had undergone prior potential curative
surgery with disease recurrence after a median of 13
months (range, 4 –57). Nine patients had undergone
palliative surgery for biliary and/or gastric decompres-
sion, and 11 patients had received endoscopic stents
for relieving obstructive jaundice before study entry.
The large majority of patients had multiple intraab-
dominal sites of metastases, and all except 7 patients
were suffering from disease-related symptoms: 30 of
the 36 symptomatic patients (83%) had pain at study
entry, 16 of whom (53%) had a baseline pain intensity
score . 20 points, and 27 (90%) required more than 10
morphine-equivalent mg/day for control of pain. Sim-
ilarly, most patients had an impaired performance
status at study entry (79%), and 25 (58%) had experi-
enced weight loss, ranging from 4 – 42% of premorbid
body weight.

Treatment Summary
A total of 182 cycles were administered with a median
of 6 cycles per patient (range, 1– 6). The median du-
ration of treatment was 140 days, with a range of
28 –186 days. Treatment was withdrawn early for only
one patient, who warranted discontinuation for per-
sonal reasons; in all other patients therapy was with-
drawn after 6 months according to the protocol, or

because of progression, including 3 cases with tumor
complications while still receiving chemotherapy, who
required palliative endoscopic or surgical intervention
(1 biliary and 2 intestinal obstructions). There were no
major protocol violations.

Objective Response and Survival
Response, time to progression, and survival data are
summarized in Table 2. The overall response rate was
21% (95% confidence interval, 10 –36%), including one
CR and 8 PR. The median time to response was 3
months (range, 2.0 –3.8), and the median duration of
response was 6.5 months (range, 3–15). An additional
18 patients (42%) showed disease stabilization lasting
for a median of 6 months (range, 3.5–15), and 16 (37%)
patients progressed during treatment.

At the time of this analysis all patients had expe-
rienced PD. Thirty-two patients (74%) have died, and
the median follow-up duration of the 11 patients still
alive is 12 months (range, 9 –211). The median time to
progression was 5.3 months (range, 1–18). Median
survival was 8.8 months (range, 1.2–211), and the
probability of surviving beyond 12 months was 26.3%.

Clinical Benefit Response
Clinical benefit response data are summarized in Ta-
ble 3. Thirty-six patients with tumor-related symp-
toms (pain and/or impaired performance status with
or without weight loss) were considered evaluable for
clinical benefit response. In 9 of 30 patients suffering
from pain at study entry, pain intensity and/or anal-
gesic consumption was reduced as compared with
baseline values, and 21 were classified as stable in this
category (including 10 of 13 patients without pain at
entry, but $ 1 other specific cancer-related symptom).

TABLE 1
Pretreatment Characteristics

Characteristic No. of patients (%)

Number of patients entered/eligible 43/43
Gender

Male 27 (63)
Female 16 (37)

Median age in years (range) 65 (46–75)
Karnofsky performance status (%)

90–100 9 (21)
70–80 23 (53)
50–60 11 (26)

Prior surgery
None 14 (32)
Explorative laparotomy 3 (7)
Palliative bypass/stent 20 (47)
Whipple 6 (14)

Histologic grade
G1 2 (5)
G2 32 (74)
G3 9 (21)

Sites of metastases
Liver 25 (58)
Abdominopelvic mass 23 (53)
Lung 11 (26)
Extraabdominal lymph nodes/soft tissue 3 (7)
Bone 4 (9)
Adrenals 1 (2)
Spleen 2 (5)

TABLE 2
Summary of Treatment Results (n 5 43)

Therapeutic outcome No. of patients (%)

Complete response 1 (2)
Partial response 8 (19)
Stable disease 18 (42)
Progression 16 (37)

Overall response rate 9/43 (21)
95% confidence interval 10–36%

Time to progression (mos)
Median 5.3
Range 1.0–18.0

Overall survival (mos)
Median 8.8
Range 1.2–21.01
1-year survival rate 26.3%
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Improvement in pain without worsening of the per-
formance status occurred in four patients, whereas
both pain and performance status improved in five.
An additional six patients had an improvement in
performance status while being rated stable in the
pain category. Therefore, a total of 15 patients was
classified as clinical benefit responders by primary
measures. With regard to weight gain, the secondary
measure of clinical benefit, 5 patients had a positive
change (. 7% increase from baseline). Four of these
patients already had improved in one of the primary
measures, and one was considered stable in pain and
performance status. Accordingly, the total number of
primarily symptomatic patients experiencing a clinical
benefit response with high dose gemcitabine in-
creased to 16 (44.4%). The median duration to achieve
a clinical benefit response was 6 weeks (range, 4 –14),
and the median duration of clinical benefit was 27
weeks (range, 12–38).

Toxicity
All 43 patients, who received a total of 182 cycles were
evaluable for toxicity. Side effects associated with
treatment are listed in Table 4. The most frequently
encountered toxicity was myelosuppression. Leukope-
nia occurred in 32 patients (74%), and was Grade 3 in
5 patients (12%). The median nadir leukocyte count
was 3400/mL (range, 1200 –9200/mL). The time to WBC
count recovery to more than 3000/mL was short, i.e.,
95% of episodes of leukopenia resolved within 7 days.
The variations in granulocyte counts paralleled those
of WBCs, and the median nadir count was 1600/mL
(range, 660 – 6050/mL). Thrombocytopenia was noted
in a total of 11 patients (26%); none of those was rated
severe, and there were no episodes of bleeding. The
median nadir platelet count was 118,000/mL (range,

53,000 –240,000/mL) with no evidence of a cumulative
nature of this side effect. Only one patient developed
Grade 3 anemia, whereas mild anemia was recorded
in 27 patients (63%). The median nadir of hemoglobin
was 10.2 g/d: (range, 8.0 –13.4 g/dL). Six patients de-
veloped documented infection, but none of them re-
quired hospitalization.

Minor treatment-related elevations in liver func-
tional parameters were noted in less than one-third of
the patients and did not result in any dose modifica-
tions or discontinuation from treatment. Apart from
hair loss in 26% (total alopecia 5%), and fatigue in
23%, gastrointestinal toxicities were among the most
frequently encountered nonhematologic side effects:
nausea/vomiting occurred in 30%, though symptoms
were generally mild, confined to the day of drug ad-
ministration, and responsive to standard antiemetic
therapy. Stomatitis was recorded in six patients, and
diarrhea or constipation occurred in seven and three
patients, respectively. Uncommon nonmyelosuppres-
sive toxicities included minor (Grade 1 or 2) skin rash
(12%) that was treated symptomatically with topical
corticosteroids and/or systemic antihistamines, fever
in the absence of infection (12%), and chemically in-
duced phlebitis (2%).

Seven patients had at least one treatment delay of
1 week at some time during therapy, and the total of
delayed courses was 10 (5.5%). The reasons for de-
layed courses were hematologic in 3 and nonhemato-

TABLE 3
Results of Clinical Benefit Response Analysis (n 5 36)

Symptomatic response No. of patients (%)

Pain
Positive 9 (25)
Negative 6 (17)
Stable 21 (58)

Karnofsky performance status
Positive 11 (31)
Negative 12 (33)
Stable 13 (36)

Weight
Positive 5 (14)
Nonpositive 31 (86)

Responder 16 (44)
Nonresponder 20 (56)

TABLE 4
Summary of Maximum Treatment Associated Toxicities (n 5 43)

Toxicity

Number of patients/WHO toxicity grade (%)

1 (%) 2 (%) 3 (%) 4 (%)

Hematologic and other laboratory-based toxicity
Leukopenia 11 (26) 16 (37) 5 (12) —
Granulocytopenia 8 (19) 12 (28) 10 (23) —
Thrombocytopenia 7 (17) 4 (9) — —
Anaemia 14 (33) 13 (30) 1 (2) —
Bilirubin 2 (5) 1 (2) — —
Alkaline phosphatase 9 (21) 3 (7) 1 (2) —
Serum transaminases 10 (23) 4 (9) — —

Symptomatic toxicity
Nausea/vomiting 10 (23) 3 (7) — —
Stomatitis 4 (9) 2 (5) — —
Diarrhea 5 (12) 4 (9) — —
Constipation 1 (2) 2 (5) — —
Infection 3 (7) 3 (7) — —
Fever 5 (12) 2 (5) — —
Alopecia 8 (19) 1 (2) 2 (5) —
Cutaneous 5 (12) 1 (2) — —
Phlebitis 1 (2) — — —
Fatigue 9 (21) 1 (2) — —

WHO: World Health Organization.

High Dose Gemcitabine in Pancreatic Carcinoma/Ulrich-Pur et al. 2509



logic in 4, including intercurrent infection and per-
sonal reasons in 2 patients each. None of our patients
required a dose reduction of cytotoxic drugs during
treatment according to the study protocol, and there
were no toxic deaths.

DISCUSSION
Although in a randomized trial the novel cytidine an-
alog gemcitabine was shown to be more effective than
FU in advanced pancreatic carcinoma, the reported
objective response rate was only 5.4%, there was only
a modest survival advantage (5.65 vs.4.41 months),
and only 1 of 4 patients (23.8%) experienced clinical
benefit.3 Further improvements are certainly war-
ranted and might be achieved by dose intensification
and/or by combining gemcitabine with other active
cytotoxic drugs. The objective of the current study was
to evaluate the former option and was based on pre-
clinical and clinical evidence that such a dose–re-
sponse relation might exist.12–14,20,21 The dose regimen
of gemcitabine was chosen according to the recom-
mended Phase II starting dose reported by Fossella et
al. in a Phase I study in chemotherapy-naive patients
with advanced NSCLC.21 Treatment thus originally
was planned to be given weekly for 3 consecutive
weeks followed by a 1-week rest period; in a pilot
series, however, 4 of 6 patients were unable to receive
all 3 weekly gemcitabine infusions during the first or
second cycle due to neutropenia and/or hepatotoxic-
ity (unpublished data). Therefore, we decided to omit
Day 8 and perform this study by using a biweekly high
dose gemcitabine administration schedule.

In this study, we obtained a 21% overall remission
rate (95% CI, 10 –36%) in 43 evaluable patients, and a
median response duration of 6.5 months. With an
additional 42% of patients experiencing stable disease
(for a median duration of 6 months), chemotherapy
with biweekly high dose gemcitabine resulted in ab-
rogation of progression of this aggressive tumor in
63%. These objective response data are even more
noteworthy considering the finding that all of our
patients had metastatic disease, as opposed to most
other studies of pancreatic carcinoma that also have
included patients with advanced locoregional disease,
who are known to have a much better prognosis.28,29

Keeping this in mind, the most striking results of our
study are the median time of progression free (5.3
months) and overall survival (8.8 months), as well as
the frequent palliative effects obtained: clinically sig-
nificant and sustained improvements in pain, analge-
sic consumption, and/or Karnofsky performance
score were observed in 44% of symptomatic patients.
The onset of clinical benefit (6 weeks) was rapid, and
its median duration was 27 weeks. It seems notewor-

thy that the clinical beneficial effects of biweekly high
dose gemcitabine were not negated by frequent or
severe clinically relevant treatment-related toxicities.
Although neutropenia and thrombocytopenia were
commonly observed, nadir values rarely exceeded
WHO Grade 3. The low rate of gastrointestinal toxici-
ties (30% in the current trial) might be explained by
routine concomitant administration of a serotonin an-
tagonist.

In conclusion, the described biweekly high dose
gemcitabine regimen seems to be an effective pallia-
tive therapy for nonpretreated advanced pancreatic
carcinoma accompanied by a favorable toxicity pro-
file. Although objective and clinical benefit response
as well as survival data suggest a possible advantage
over conventional gemcitabine monotherapy, repro-
ducibility of our encouraging data remains to be con-
firmed in a randomized trial. Further dose intensifica-
tion by increasing the biweekly gemcitabine dose.30

and/or by prolonging the length of infusion31 might be
achieved. In a patient population affected by an ag-
gressive tumor such as metastatic pancreatic carci-
noma, in which patients frequently present in poor
general condition due to significant pain, weight loss,
and/or other symptoms, however, there is a certain
risk that such an attempt will result in an increase of
toxicity to an extent that therapy interferes rather than
beneficially influences the individuals’ quality of life.
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