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Phase I/ II Trial of Dexverapamil, 
Epirubicin, and Granulocyte-Macrophage- 
Colony Stimulating Factor in Patients with 
Advanced Pancreatic Adenocarcinoma 
Gabriela Kornek, Ivl.D.,* Markus Raderer, M.D.,* Thomas Schenk, M.D.,* 
Johann Pidlich, M.D.,t Franz Schulz, M.D.,$ Sebastian Globits, M.D.,§ 
Christine Tetzner, M.D., 11 and Werner Scheithauer, M.D.* 

Background. The purpose of this study was to deter- 
mine the maximum tolerated dose (MTD) of a cytotoxic 
regimen consisting of the second-generation chemosensi- 
tizer dexverapamil (DVPM), high dose epirubicin, and re- 
combinant human granulocyte-macrophage-colony 
stimulating factor (GM-CSF) in pancreatic carcinoma. 

Patients and Methods. Twenty-eight previously un- 
treated patients with locally advanced or metastatic ade- 
nocarcinoma of the pancreas were studied. Treatment 
consisted of oral DVPM at a dose of 1000-1200 mg/day for 
3 days, epirubicin administered as an intravenous bolus 
injection on Day 2 with an initial dose of 90 mg/mz, and a 
dose of GM-CSF of 400 pg administered subcutaneously 
from Day 5s through 14. Epirubicin dose escalation levels 
were 90, 105, 120 and 135 mg/m2. Consecutive cohorts 
of four to eight patients were planned at each dose level. 
Treatment cycles were repeated every 3 weeks. 

Results. Hematologic toxicity, specifically granulocy- 
topenia, constituted the dose-limiting toxicity with an 
MTD of 120 mg/m2 for epirubicin. Despite routine sup- 
portive therapy with GM-CSF, four, two, and five patients 
experienced Grade 4 granulocytopenia during their first 
two treatment courses at  levels 105,120, and 135 mg/m2, 
respectively. Grade 4 granulocytopenia was observed in 
two, three, and one additional patients duringsubsequent 
courses with these levels. Nonhematologic toxicity was 
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uncommon, generally modest, and did not correlate 
clearly with the anthracycline dose. Dexverapamil-re- 
lated cardiovascular symptoms occurred frequently, but 
they never resulted in serious toxicity requiring active 
medical intervention or permanent discontinuation of 
therapy, Nine of 28 patients achieved partial responses to 
this therapy. Stable disease was observed in nine pa- 
tients, and tumor progress occurred in 10. 

Conclusion. The MTD of epirubicin for this regimen 
with DVPM and GM-CSF was 120 mg/mz every 3 weeks. 
Though it remains uncertain whether the encouraging 
response activity observed in this disease-oriented Phase 
I study was, in fact, due to successful modulation of mul- 
tidrug resistance, these results suggest that this regimen 
is likely to be an effective and tolerable treatment strategy 
for patients with pancreatic cancer, which should be 
evaluated further. Cancer 1995; 76:1356-62. 
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Most patients with adenocarcinoma of the pancreas pres- 
ent with unresectable or metastatic dlsease at initial diag- 
nosis, and, essentially, all die within the first few months. 
Only few single-agent or combination regimens have 
demonstrated activity against this tumor. Drugs with re- 
ported activity are fluorouracil, mitomycin C, streptozo- 
tocin, ifosfamide, and doxorubicin.' Epirubicin, a less car- 
diotoxic semisynthetic L-arabino derivative of doxorubi- 
&,,2,3 has demonstrated only minor activity at 
conventional doses ranging from 60-90 mg/m2.4-6 A re- 
cent Phase I1 study conducted by the European Organiza- 
tion for Research and Treatment of Cancer (EORTC) Gas- 
trointestinal Group, however, provided some evidence of 
a dose-response relationship. 

Histologic studies indicate that many human can- 
cers, including those of pancreatic origin, express the 
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multidrug resistance gene MDR1,' which appears to be 
a major impediment to more successful chemotherapy.' 
This gene encodes the multidrug transporter P-glyco- 
protein, which is an efflux pump that confers cellular 
resistance to anticancer drugs, including anthracyclines 
and a number of other structurally unrelated com- 
pounds." Several noncytotoxic drugs (the prototype of 
which is verapamil) also are transported by P-glycopro- 
tein and have been shown to inhibit competitively drug 
efflux and to reverse the multidrug resistant (MDR) phe- 
notype in cells and animal models." Whereas target 
plasma levels predicted from tissue culture data com- 
monly are not achievable or are too toxic in vivo, many 
new agents specifically developed for overcoming 
MDRl ("second generation modulators") have become 
available, and currently are undergoing extensive clini- 
cal investigation for hematologic and solid malignan- 
cies.12 Because of the lack of an established anticancer 
chemotherapy in advanced pancreatic cancer, because 
some patients do respond to anthracyclines, and be- 
cause frequent expression of high levels of P-glycopro- 
tein may be related to the inherent chemotherapeutic 
refractoriness of this type of malignancy, the present 
Phase 1/11 study was undertaken. As an MDR1-inhibit- 
ing agent, we used the second-generation modulator 
dexverapamil (DVPM), the D-isomer of the commer- 
cially available drug verapamil, which is characterized 
by equal resistance-inhibiting potential but at least 
threefold less cardiovascular activity when compared 
with the racemic mixture  erap pa mil.'^,'^ Considering 
the potential of a pharmacokinetic interaction between 
the MDR-modulating agent and the anthracycline, 
which may result in enhanced systemic toxi~ity, '~- '~ we 
decided to use an escalating-dose Phase I trial design. 
Because the results of a pilot pharmacokinetic study of 
epirubicin plus DVPMI7 indicated that hematotoxicity 
was likely to constitute the maximum tolerated dose 
(MTD), recombinant human granulocyte macrophage 
colony-stimulating factor (GM-CSF) was administered 
routinely to our patients. The goal was to administer 
higher-than-conventional doses of epirubicin with 
fewer patients incurring significant toxicities such as 
neutropenia-related morbidity,'" and that this intensi- 
fied treatment with the pharmacologic concept of 
MDRl modulation potentially would result in en- 
hanced antitumor effectiveness. 

Patients and Methods 

Patient Selection 

Patients eligible for this study had histologically or cy- 
tologically confirmed advanced pancreatic adenocarci- 
noma. All had bidimensionally measurable disease and 

had not received previous chemotherapy or radiation 
therapy. Patients were required to be aged 70 years or 
younger and have an anticipated life expectancy of 3 
months. Patients were required to have a World Health 
Organization (WHO) performance status of 0 or 1, and 
to have adequate kidney (serum creatinine level < 1.5 
mg/dl), liver (total bilirubin level < 1.5 mg/dl, trans- 
aminase levels < two times the upper limits of normal), 
and bone marrow functions (leukocyte count > 4000/ 
pL, platelet count > lOO,OOO/pL). All patients had nor- 
mal pretreatment electrocardiograms and echocardio- 
grams (left ventricular ejection fraction of more than 
50% and no wall motion abnormalities), and resting 
systolic blood pressure greater than 110 mm Hg. Pa- 
tients with a history of cardiovascular disease, active 
systemic infections, coagulation disorders, active cen- 
tral nervous system metastatic disease, and pregnant or 
lactating females were not eligible for treatment. Also 
excluded were patients who were receiving antiar- 
rhythmic agents, beta blockers, calcium channel block- 
ers, or other antihypertensive medications. This treat- 
ment protocol wds reviewed and approved by the ethi- 
cal committee of the University of Vienna. All patients 
provided informed consent before inclusion in the 
study. 

Treatment Protocol 

Dexverapamil was provided by Knoll AG (Ludwigsha- 
fen, Germany) and epirubicin and GM-CSF were ob- 
tained from Pharmacia and Sandoz (Vienna and Aus- 
tria, respectively). Treatment consisted of oral DVPM 
administered at an initial dose of 250 mg every 6 hours 
for 3 consecutive days, epirubicin administered as an 
intravenous bolus injection on Day 2 with an initial 
dose of 90 mg/m2, and GM-CSF (400 p g )  administered 
as a subcutaneous injection from Days 5 through 14. 
Treatment cyc1e:s were repeated every 3 weeks. If no 
cardiovascular symptoms occurred during the first 
treatment cycle, the dose of DVPM was escalated dur- 
ing subsequent cycles to 300 mg every 6 hours for 3 
consecutive day:;. The initial dose of epirubicin was 90 
mg/m2 on Day 2, and dose levels were escalated in con- 
secutive cohorts of four to eight patients to 105, 120, 
and 135 mg/m2, using an escalating-dose Phase I trial 
design. 

For determination of the MTD, the first two treat- 
ment courses were evaluated. The MTD was defined as 
the dose level below that producing a dose-limiting tox- 
icity. A dose-limiting toxicity was defined as any Grade 
4 hematotoxicity (in at least five of eight patients) or 
Grade 3/4 toxicity, except alopecia, in a specific organ. 
No intrapatient epirubicin dose escalation was allowed. 
In the event of Grade 4 hematologic or any other severe 
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organ toxicity in individual patients, the epirubicin dose 
was reduced one level for subsequent cycles. Treatment 
cycles were not resumed until hematologic recovery, 
defined as an absolute neutrophil count greater than 
1500/pL and a platelet count greater than 75,OOO/pL. 
Concomitant medications routinely administered be- 
fore cytotoxic drug administration included 8 mg of on- 
dansetron and 8 mg of dexamethasone. 

Study Monitoring 

Before therapy was initiated, each patient was assessed 
by physical examination, a complete medical history, 
chest X-ray, computed tomography, plus ultrasound of 
the abdomen, electrocardiogram, echocardiography, 
and routine laboratory studies. The latter consisted of a 
complete blood count, including differential leukocyte 
count, and evaluation of electrolyte, creatinine, blood 
urea nitrogen, glucose, total protein, calcium, total bili- 
rubin, alkaline phosphatase, alanine transaminase and 
aspartate transaminase levels, prothrombin and partial 
thromboplastin time, and carcinoembryonic antigen 
and CA 19-9 expression. The complete blood cell counts 
were repeated at least weekly while patients received 
therapy. Electrocardiograms, blood pressure and pulse 
rates were documented before and 2 hours after each 
dose of DVPM from Days 1 through day 3. Echocardi- 
ography was repeated every 6-8 weeks during therapy. 
Measurable disease was reassessed every two cycles. 
Toxicity and therapeutic efficacy were evaluated ac- 
cording to World Health Organization standard criteria. 
Hypotension was defined as supine systolic blood pres- 
sure less than 90 mm Hg or a decrease in systolic blood 
pressure of greater than 30 mm Hg, bradycardia was 
defined as a heart rate less than 50 beats per minute, 
and PR prolongation was defined as PR interval > 0.2 
seconds. In patients experiencing cardiovascular toxic- 
ity as defined above at the scheduled time of DVPM 
intake, treatment was delayed until resolution of symp- 
toms. Patients continued to receive their assigned treat- 
ment every 3 weeks for a total of six courses, provided 
that they &d not develop progressive disease. 

Results 

Patient Characteristics 

From October 1991 to May 1993,28 patients were stud- 
ied. Their characteristics are shown in Table 1. All of 
them were considered evaluable for response and tox- 
icity assessment, although treatment was discontinued 
early in two because of rapid disease progression. 
Twenty-two patients were men and 6 were women, 
with a median age of 58 years (range, 45-69 years). Five 

Table 1. Patient Characteristics 
No. of patients 28 

Median 58 

Sex (rnale/fernale) 22/6 
WHO performance status (0/1) 20/8 
Clinical stage (III/IV) 5/23 
Prior surgery 

Age (yr) 

Range 45-69 

Whipple operation 3 

Stenting 4 
None/explorative laparotorny 8 

Palliative surgical bypass 13 

WHO: World Health Oraanization. 

patients had locally recurrent or inoperable disease, and 
23 had distant metastases, the predominant sites of 
which were liver in 14, abdominal lymph nodes in 7, 
and lung in 2. 

A total of 94 treatment cycles were administered 
(median 3, range 1-6) at doses of 90 mg to 135 mg/ 
m2. The number of patients and courses per dose level 
are shown in Table 2. Only 10% of the courses were 
delayed due to toxicity or disease-related complications. 
Treatment delays were due to unresolved thrombocy- 
topenia (n = 4), neutropenia and/or infections (n = 3), 
intercurrent pancreatic fistulation (n = l), and deep ve- 
nous thrombosis (n = 1). 

Toxic Effects 

Table 2 lists the entire experience of hematologic toxic- 
ity for all patients during the first two courses in deter- 
mination of the MTD and during all subsequent treat- 
ment courses. Nonhematologic toxicities are summa- 
rized in Table 3. Clinically, the most significant and 
dose-limiting toxic effect was myelosuppression, spe- 
cifically granulocytopenia. 

Nonmyelosuppressive toxicity was relatively infre- 
quent and mild and did not correlate clearly with the 
anthracycline dose. Though Grade 3 oral mucositis was 
considered to be dose-limiting in two patients at the 
third dose-level, there was no such complication among 
eight patients treated at the subsequent dose level. 
Overall, 13 of the 28 patients in this study were judged 
to have severe toxicity during their first two treatment 
cycles. 

None of the four patients treated at the first dose 
level (epirubicin, 90 mg/m2) experienced Grade 4 he- 
matologic or other severe organ toxicity. Two patients 
had Grade 3 leukocytopenia and one had Grade 3 gran- 
ulocytopenia. The dose was, therefore, escalated to 105 
mg/m2. Four of eight patients treated at this level had 
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Table 2. Hematologic Toxicity 

WHO Grade 4 (Median Nadir Counts X109/L) 
No. of patients/ 

Epirubicin dose level (mg/m*) evaluable cycles Leukopenia Granulocytopenia Thrombocytopenia 

1st two cycles (in determination 
of the MTD) 

90 4/7 0 (6.80) 0 (3.95) 0 (210) 
105 8/13 2 (2.35) 4 (0.60) 0 (113) 
120 8/12 l (3 .60)  2 (0.85) 0 (204) 
135 8/11 2 (2.39) 5 (0.53) I(132) 

All treatment cycles (including 
dose-reduced cycles) 

90 4/11 0 (5.80) 0 (2.73) 0 (210) 
105 8/25 4 (1.90) 6 (0.58) 4(113) 
120 8/37 l(3.48) 5 (1.42) l(204) 
135 8/21 2 (3.10) 6 (0.65) 2 (127) 

WHO: World Health Organization; MTD: maximum tolerated dose. 

Grade 4 granulocytopenia during their first 2 treatment 
cycles. Two of them also had Grade 4 leukopenia, and 
one experienced Grade 3 diarrhea. During subsequent 
treatment courses, another two patients developed 
Grade 4 leukopenia and granulocytopenia at this dose 
level, and four also had severe thrombocytopenia. 

At the third dose level (120 mg/m2), there were also 
four of eight patients with severe toxic side effects. 
These included two patients with Grade 4 granulocyto- 
penia, and two with World Health Organization Grade 
3 oral mucositis. Three additional patients developed 
Grade 4 granulocytopenia after the third and fourth 
courses, respectively. At the last dose level (135 mg/ 
m’), five of eight patients had Grade 4 granulocyto- 
penia, including one with granulocytopenic sepsis, 
which was treated successfully with antibiotics. One 
additional patient experienced severe pancytopenia af - 
ter his third treatment course. The most prominent non- 
hematologic adverse reactions were alopecia, which oc- 
curred in all patients after the first course, infection, and 
DVPM-related cardiovascular symptoms. Although mi- 
nor infections were recorded in seven patients, episodes 
of sepsis during the granulocyte nadir required hospi- 
talization in five. Dexverapamil-related cardiovascular 

symptoms commonly were noted, but generally were 
mild and transient and never required active medical 
intervention or permanent discontinuation of therapy. 
Transient hypotension occurred in 26 patients (93%). 
Sinus bradycardia v7-s Lbserved in four patients, and 
electrocardiographir monitoring revealed a transient 
first-degree atrioventricular block in four (14%). Car- 
diovascular side effects were generally asymptomatic 
and either resolved spontaneously or within 2-3 hours 
after temporary discontinuation of DVPM. No signs or 
symptoms of congestive heart failure were noted 
throughout the study. The mean left ventricular ejec- 
tion fraction before initiation of treatment was 73.3% ? 
6.2% (range, 60--86%), and there was no decrease dur- 
ing subsequent echocardiographic measurements. 
Other, DVPM-related noncardiovascular side effects 
were infrequent and consisted of mild constipation in 
eight yatients and peripheral edema in two. 

Granulocyte-macrophage-colony stimulating fac- 
tor, which was administered subcutaneously on Days 5 
through 14 during each cycle, was well tolerated. Six 
patients reported pruritus at the injection site, and four 
also reported transient myalgia, arthralgia and/or fe- 
ver. In three of these patients, GM-CSF was discon- 

Table 3. Maximum Level of Nonhematologic Toxicitv (n = 28) 

E p i r u b i c i n Emesis Stomatitis Diarrhea Infection Alopecia 
dose level No. of 
(mg/m2) patients/cycles 1 2 3 4 z 2 3 4 1 2 3 4 1 2 3 4 z 2 3 4 

90 4/11 1 1 0 0 0 1 0 0 1 0 0 0 0 0 1 0 0 0 4 0  
105 8/25 0 2 1 0 0 0 1 0 0 0 2 0 0 1 2 0 1 3 4 0  
120 8/37 1 0 0 0 0 1 2 0 0 1 0 0 1 2 1 0 0 1 7 0  
135 8/21 2 2 0 0 0 0 0 0 0 0 0 0 1 2 1 0 1 3 3 0  

WHO: World Health Oreanization. 
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tinued and replaced by granulocyte-colony stimulating 
factor without recurrence of the above-mentioned con- 
s titu tional symptoms. 

Antitumor Response 

All 28 patients were assessable for objective therapeutic 
response. Nine partial responses were documented in 
these patients at all dose levels. Two patients responded 
at the dose level of 105 mg/m2 of epirubicin, and all 
other responses were observed at doses of 120 mg/m2 
and higher. Stable disease was noted in 9 patients and 
tumor progression in 10. The median duration of re- 
sponse was 5.5 months (range, 3-12.5 months), and 
median survival of all patients studied was 6.0 months 
(range, 1-18.5 months). 

Discussion 

Expression of P-glycoprotein is an important prognostic 
factor for chemotherapy response, disease free survival, 
and overall survival in several tumor The dis- 
covery that various noncytotoxic, clinically used drugs 
inhibit or antagonize P-glycoprotein function in MDR 
cells in vitro supports their use in combination with che- 
motherapeutic agents in clinical trials.” Several trials 
are underway to determine the feasibility and clinical 
benefit of adding MDR modulators to chemotherapeu- 
tic agents. Unfortunately, toxicities of the modulators at 
doses shown to reverse MDR in vitro have been major 
limiting factors in V~VO.’ ’~’~ ,~~ More recently, various 
agents have been specifically developed for overcoming 
MDRl. Among these second-generation chemosensi- 
tizers, the D-isomer of verapamil, which is character- 
ized by equal resistance-reverting potential but at least 
threefold less cardiovascular activity when compared 
with the racemic mixture  erap pa mil,'^,'^ seems to repre- 
sent an attractive candidate. In ~ i t r o , ’ ~ , ~ ~  in v~vo,’~ and 
pharmacokinetic studies26 have ’xoven DVPM as a po- 
tent modulator of MDR. These data have been sup- 
ported recently by encouraging, preliminary clinical re- 
sults in patients with drup-resistant lymphomaz7 and 
anthracycline-refractory breast Based on the 
promising therapeutic index of DVPM, demonstration 
of constitutive expression of the MDRl phenotype in 
pancreatic adenocarcinoma, and because some of the 
patients with this tumor respond to anthracyclines, the 
present Phase 1/11 study was initiated. The present 
DVPM dose schedule was based on a previous clinical 
pharmacologic study,26 indicating minimal initial symp- 
tomatic adverse effects, total steady-state drug concen- 
trations in the required range, and an acceptable degree 
of PR prolongation. The major goal of the study was to 
define the toxicity and MTD of epirubicin in combina- 

tion with DVPM plus GM-CSF, which was added be- 
cause hematotoxicity was likely to constitute the dose- 
limiting toxicity. 

We have demonstrated in this disease-oriented 
Phase I study that administration of epirubicin, DVPM, 
and GM-CSF is feasible, safe, generally well tolerated 
and potentially active for previously untreated patients 
who have pancreatic cancer. As anticipated, hemato- 
l o p  toxicity, specifically granulocytopenia, was dose- 
limiting with an MTD of 120 mg/m2 for epirubicin. De- 
spite the administration of GM-CSF, four, two, and five 
patients experienced Grade 4 granulocytopenia during 
their first two treatment courses at levels of 105, 120, 
and 135 mg/m2, respectively, and severe granulocyto- 
penia was observed in two, three, and one additional 
patients during subsequent treatment courses with 
these levels (Table 2). The degree of granulocytopenia, 
which also was associated commonly with infections 
despite use of a supportive cytokine, seems quite 
different from the usually observed hematotoxicity for 
single-agent epirubicin. Even without prophylactic ad- 
ministration of GM-CSF or granulocyte-colony stimu- 
lating factor, previous Phase I trials of high dose epiru- 
bicin for untreated patients with advanced tumors have 
demonstrated MTDs in the range of 150-180 mg/ 

The apparently enhanced myelotoxicity of epir- 
ubicin in the present study may be attributed to inhibi- 
tion of a normal protective function of P-glycoprotein 
in normal tissues or, more likely, to a pharmacokinetic 
interaction with DVPM as suggested in a previous pilot 
study17 and supported by observations with other MDR 
modulators. 34 

Nonhematologic toxicity was uncommon, gener- 
ally modest, and did not correlate clearly with the an- 
thracycline dose. Though Grade 3 stomatitis had to be 
considered dose limiting in two patients at the dose 
level of 120 mg/m2 of epirubicin, there were no such 
complications among patients treated at the subsequent 
dose level. Dexverapamil-related cardiovascular symp- 
toms were noted commonly, but they never resulted in 
serious toxicity requiring active medical intervention or 
permanent discontinuation of therapy. In agreement 
with other clinical trials of DVPM,35-38 there was also 
no evidence that DVPM would precipitate congestive 
heart failure. Because of the mild and predictable car- 
diovascular toxicity patterns and the absence of any 
other serious DVPM-related noncardiovascular side 
effects, the present oral 3-day regimen, in fact, seems 
compatible with an outpatient setting. 

Whether the tumor regression observed in 32% of 
our patients was due to competitive inhibition, success- 
ful modulation of MDR in these tumors remains to be 
determined, because the MDRl expression status in tu- 
mor specimens was not assessed routinely. Alternative 

,2 30-33 . 
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explanations for the rather encouraging response activ- 
ity would include dose intensity of the anthracycline, 
alterations of epirubicin pharmacokinetics caused by 
DVPM, or direct cytotoxic effects of GM-CSF on tumor 
cells." These alternative explanations, however, seem 
more hypothetical. High dose epirubicin alone has not 
resulted in a reproducible therapeutic benefit in patients 
with pancreatic cancer,5r39 and the direct antitumor 
effects of GM-CSF due to stimulation of macrophage 
and neutrophil cytotoxicity only have been docu- 
mented in in vitro and in vivo preclinical studies in ani- 
mals.I8 More information about the therapeutic rele- 
vance of MDR reversal in pancreatic cancer may be ob- 
tained in the second stage of this trial, which is currently 
ongoing: to confirm the encouraging preliminary re- 
sponse activity and to facilitate interpretation of thera- 
peutic results, we continue to study patients who are 
receiving treatment at the dose level of 120 mg/m2 of 
epirubicin, all of whom routinely will undergo mea- 
surement of MDRl expression and pharmacokinetic 
analyses. 
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