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Abstract

Background Mitomycin C (MMC) produces significant
upregulation of thymidine phosphorylase, a principal deter-
minant of the therapeutic index of capecitabine-based treat-
ment, starting 4—6 days after treatment. On the basis of the
time-dependency of this upregulation, we performed a
phase I dose escalation study of capecitabine and MMC in
patients with gastrointestinal malignancies.

Methods A total of 29 patients with advanced gastrointes-
tinal malignancies received MMC at 6 mg/m? on day 1 and
capecitabine escalated in four successive patient cohorts of
doses 500—1,000 mg/m*day twice daily on days 8-21,
every 28 days. MMC was capped at 36 mg/m>.

Results A total of 29 patients were enrolled and 90% had
at least one prior treatment in the metastatic setting. There
was one DLT, grade 3 hand and foot syndrome, at dose
level four. The most common toxicity was fatigue (61%).
No patients experienced grade 4 toxicities. Nine patients
experienced prolonged stability of disease.

Conclusion Capecitabine in combination with MMC in
the proposed schedule is well-tolerated with evidence of
preliminary activity. The recommended dose for phase II
studies are MMC at 6 mg/m? on day 1 of a 28-day cycle
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with the dose capped at 36 mg/m?, in combination with
capecitabine at 1,000 mg/m? twice daily on days 8-21.
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Introduction

The American Cancer Society (ACS) estimated that there
were 1,444,920 new cases of cancers in 2007, out of which
271,250 (19%) were gastrointestinal (GI) cancers [1].
Additionally, there were 559,650 deaths from cancer in
2007, with 134,710 (24%) disproportionately from GI can-
cers [1]. Two of the four most common cancer killers are
GI cancers including colorectal and pancreas cancers [1].
Moreover, three of the four most lethal cancers (with 5-year
survival rate <20%) are GI cancers including pancreas,
liver, and esophageal cancers [1, 2]. As such, GI cancers
remain some of the most difficult cancers to treat, with lim-
ited treatment options, very few salvage regimens, and a
relatively poor outcome [1, 2].

Mitomycin C (MMC) is a classic bioreductive com-
pound with production of superoxide radicals resulting in
inhibition of DNA synthesis and function [3]. MMC was
first approved for clinical use in pancreas and gastric cancer
by the United States Food and Drug Administration (FDA)
in 1974 [4]. MMC is an effective anticancer agents used for
the treatment of a broad variety of gastrointestinal tumors
including gastric, pancreatic, biliary tract, colorectal, and
anal cancer [5]. Significant concerns have been raised about
the cumulative dose (>50 mg/m?) related toxicity produced
by MMC [6]. By capping its total dose and limiting the
individual dose, this toxicity may be markedly reduced. In
our experience, we found that when MMC is given at an
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individual dose of 6 mg/m* and capped at a cumulative
dose of 36 mg/m?, it is safe and tolerable with no reportable
cases of TTP/HUS [7]. In various combination studies con-
ducted by our group, this dose/schedule was also found to
be associated with noticeable activity in patients with
various solid tumor malignancies [8—11].

Capecitabine was designed as an orally administered,
tumor selective fluoropyrimidine, preferentially converted
to S5-fluorouracil (SFU) at the tumor site by the higher levels
of thymidine phosphorylase (TP) in tumor tissues com-
pared to normal tissues [12]. Due to the preferential expres-
sion in tumor tissues of the rate-limiting enzyme TP in
converting capecitabine to 5-FU, capecitabine has been
shown to have a superior therapeutic index to 5-FU in pre-
clinical studies [13]. Capecitabine has widespread activity
in most if not all GI malignancies as shown by multiple
studies using it either as a single agent or in combination
with other agents [14].

Since a principal determinant of the therapeutic index
with capecitabine-based treatment is the level of TP activity
in malignant tissues, therapeutic strategies which maximize
TP activity can result in higher antineoplastic efficacy after
administration of capecitabine. Indeed, transfection of the
TP gene into the DLD-1 human colon cancer cell line,
which is TP-deficient and highly resistant to 5’'-deoxyflu-
orouracil (5'-DFUR), has been shown to increase TP activ-
ity by 1,068-fold and sensitivity to 5'-DFUR by 1,070-fold
[15]. MMC produces significant upregulation of the TP
starting 4-6 days after treatment persisting for at least
10 days [16]. There is also evidence for upregulation of TP
by MMC in human subjects with colorectal cancer. In one
study, biopsy specimens were obtained preoperatively through
colonoscopy and then patients received neoadjuvant ther-
apy with MMC followed by surgery after 1-12 days [17].
TP was shown to be upregulated in the group of patients
with operations over 6 days after MMC, in contrast to
patients with operations less than 6 days after MMC [17].

On the basis of the time-dependency and transience of
this upregulation, we performed a phase I study of a phar-
macobiologically based scheduling of escalating doses of
capecitabine in combination with MMC at a dose of 6 mg/m?
and capped at a cumulative dose of 36 mg/m?. The aim of this
study was to determine the maximally tolerated dose
(MTD) of this combination in patients with GI malignancies.

Patients and methods

This was a dose escalation phase I study searching for the
MTD of capecitabine in combination with MMC. The
study was conducted at the Ohio State University and
approved by the Ohio State University institutional review
board (IRB).
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Eligibility

Patients were required to have histologically confirmed
gastrointestinal solid tumor malignancy (with the exclusion
of lymphomas and sarcomas). Up to two prior chemother-
apy regimens in the metastatic setting were allowed. At
least 4 weeks from the end of any chemo- or radiotherapy
to the start of the study was required. Exclusion criteria
included the following: age less than 18 years and pregnant
or lactating women; psychiatric disorders that would inter-
fere with consent of follow up; uncontrolled intercurrent ill-
ness including, but not limited to, clinically significant
cardiac disease not well-controlled with medication (e.g.,
congestive heart failure, symptomatic coronary artery dis-
ease, and cardiac arrhythmias) or myocardial infarction
within the last 12 months, and serious concurrent infec-
tions; patients being anticoagulated with warfarin-based
medications; patient with a known history of severe hyper-
sensitivity reaction to fluoropyrimidines; and patients with
previous exposure to MMC or capecitabine. All women of
childbearing capacity were required to have a negative
pregnancy test prior to study entry, and both men and
women of childbearing capacity were required to utilize an
effective contraceptive method, while on the study and for
3 months thereafter, if applicable. Patients were required to
have an ECOG performance status of 0-2, as well as a life
expectancy of at least 12 weeks. Patients were required to
have adequate organ function defined as follows: absolute
neutrophil count (ANC) greater than 1,500/mm?; hemoglo-
bin >9 g/dl; platelet count >1,00,000/mm?; creatinine <1.5
upper limit normal (ULN); serum bilirubin <ULN; and
AST/ALT <2.5 ULN (<5 ULN if due to liver metastases).
Patients were to have no evidence of any active serious
infection, and they were to be free of other malignancies for
>5 years (except basal and squamous cell skin cancers and
carcinoma in situ of the cervix). Other exclusionary criteria
included lack of physical integrity of the upper gastrointes-
tinal tract, inability to swallow tablets or malabsorption
syndrome, and patients who have an organ allograft.

Treatment plan

Treatment was administered on an outpatient basis. Four
dose levels were planned, with the dosage and dose escala-
tion detailed in Table 1. Each cycle was defined as 28 days.
Essentially, MMC was given at a dose of 6 mg/m> over
30 min through a central venous access catheter on day 1.
The cumulative dose of MMC was set at 36 mg/m2 (6
cycles), with patients having the option of continuing on
the same dose/schedule of capecitabine alone after the
MMC cap is reached. As shown in Table 1, capecitabine
was given orally, twice daily, on days 8-21 with doses
escalated in successive patient cohorts with a target maximal
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Table 1 Dose escalation schema (N = 29)

Dose level® No. of No. with No. with
patients DLTs DR or DD°
1 MMC 6 mg/m> 4¢ 0 0
C 1,000 mg/m2
2 MMC 6 mg/m> 54 0 1
C 1,250 mg/m2
3 MMC 6 mg/m> 4° 0 1
C 1,500 mg/m2
4 MMC 6 mg/m> 7t 4+ 98 1h 9

C 2,000 mg/m2

# Mitomycin C (MMC) i.v. on day 1 with cumulative cap dose of
36 mg/m?; (C)apecitabine p.o. in split doses bid on days 8-21 every
28 days

® DR = Dose reduction; DD = Dose Delay. Please refer to text for
more details

¢ One patient was non-evaluable for DLT only
4 Two patients were non-evaluable for DLT or response
¢ One patient was non-evaluable for DLT only
£ One patient was non-evaluable for DLT only

¢ Nine patients were enrolled at the MTD to further define toxicities
and preliminary activity. One patient was lost to follow up and was
non-evaluable for response and toxicities

" DLT was grade 3 Hand and Foot Syndrome

daily dose of 2,000 mg/m? as is standard of practice in the
United States [18].

Dose-limiting toxicity (DLT) in the first two cycles of
therapy was defined as follows: any grade 4 neutropenia
lasting more than 5 days or accompanied by >grade 2
fever, or any grade 4 thrombocytopenia; grade 3 or 4 non-
hematologic toxicity that results in an interruption of cape-
citabine for more than 5 days; grade 3 or 4 non-hemato-
logic toxicity (except for alopecia or nausea and vomiting
not appropriately controlled by medication); clinical
inability (due to toxicity) to start the next cycle of treat-
ment within 2 weeks of planned start date. Toxicities
should be considered drug-related by the investigator to be
designated as DLT. Three patients were initially entered at
Dose level 1. In the absence of a DLT in the first 2 cycles
in any of these three patients, the next patient was entered
at Dose level 2. The same principle was exercised for esca-
lation to dose level 3. When MTD was determined, 9 addi-
tional patients were planned to be enrolled at this level to
better define toxicity and efficacy. At any given dose level,
if 1 of 3 patients had a DLT, 3 additional patients were
entered at that dose level. The maximum-tolerated dose
(MTD) was the highest dose level at which 3 of 3 or 5 of 6
patients tolerated the dose without DLT. Prophylactic use
of colony-stimulating factors or erythropoietin was not
permitted in the first two cycles, in order to better define
DLTs.

Dose modifications

Separate criteria for dose reductions were followed for MMC
and capecitabine, depending upon the type of toxicity
observed and whether it was observed within a treatment
cycle or at the beginning of a subsequent treatment cycle.
During the first two cycles of treatment only, dose modifica-
tions were limited to the occurrence of dose limiting toxicities
only. During the dose escalation period, patients experiencing
a DLT were allowed to continue receiving treatment as out-
lined at the dose level previously found to be safe. Dose
adjustments during a course of therapy were based on toxicity
observed the day of treatment. Dose adjustments for hemato-
logical toxicity during a course of therapy were based on the
blood counts obtained in preparation for that day of treatment.
All subsequent dose adjustments were relative to the dose
given at a previous week of that cycle. In general, grade 3 and
4 toxicities (grade 2—4 for diarrhea and grade 2-3 for hand
and foot syndrome; with the exception of grade 3 neutropenia,
grade 3—4 anemia and lymphopenia) required dose omission
for capecitabine, with resumption at the original dose within a
course when the toxicity had resolved to <grade 2. Dose
modifications of capecitabine were based on the total daily
dose administered. Capecitabine treatment interruptions were
considered as lost treatment days, missed doses were not to be
replaced, and the planned treatment schedule was maintained.

Dose adjustments for MMC and capecitabine at the start
of a new cycle of therapy (excluding cycle #1 and #2) were
based on the worst toxicity observed during the previous
cycle of therapy and were relative to the starting doses of
each drug received in the previous cycle. A new course of
therapy was to begin when the granulocyte count was
>1,500/mm?>, the platelet count was >1,00,000/mm?> and
any other treatment-related toxicities were <grade 1; other-
wise, treatment was to be withheld and the patient re-evalu-
ated 1 week later. If the treatment was held for more than
3 weeks, then the patient was removed from the study.

Evaluation

Radiological assessment was done by CT or MRI (as long as
the same consistent measure was used serially) every 8 weeks
and responses were measured according to the RECIST crite-
ria [19]. This study utilized the CTC version 3.0 for toxicity
evaluation (http://ctep.info.nih.gov/CTC3/ctc_ind_term.htm).
Results

Demographics (Table 2)

A total of 29 patients with various gastrointestinal malig-
nancies and a majority of colorectal, esophageal, and
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Table 2 Patient characteristics

Table 3 Toxicity assessment (N = 28)*

Characteristics Number of patients % grade 1/2 % grade 3°
Total number of patients enrolled 29 Hematologic toxicities
Median age (range) in years 61 (27-78) Anemia 43 0

Sex Thrombocytopenia 39 0

Female 16 Leukopenia 36 0

Male 13 Lymphopenia 18 14
Race Neutropenia 18 0
Caucasian 24 Non-hematologic toxicities®

African—American 3 Fatigue 57 4

Asian 3 Nausea 32 4
ECOG performance status Hand—foot syndrome 29 7

0 6 Diarrhea 32 0

1 21 Parasthesias 21 0

2 2 Vomiting 11 4
Disease Sites Mucositis 11 0
Colorectal 10 Dehydration 4 4
Esophageal (including GE) 8 Dry Skin 7 0
Pancreas 7 Rash 7 0
Hepatiobiliary Tract 3 Dysgeusia 7 0
Stomach 1 # Additionally, there were 4% of patients who had each grade 1 alope-
Prior chemotherapy cia or gum bleeding, or grade 2 DVT

0 3 ® There were no grade 4 Toxicities

1 11

2 15 tion missing some of their planned doses during their first
Prior 5-fluorouracil 19 cycle with no significant toxicities noted. Two more
Other prior therapy patients were taken off the study before completing two
Surgery 16 cycles due to complications clearly unrelated to therapy and
Radiotherapy 8 likely related to their cancer progression (such as obstruc-
Cycles of therapy administered tion of biliary stent). All five patients were replaced in their
Median 2 respective cohort (see Table 1). We observed one DLT,
Range (1-13) grade 3 hand and foot syndrome, at level four. No further

pancreas cancer were enrolled into the study at The Ohio
State University between 9/30/2004 and 1/3/2008. One
patient is currently still being treated on study. The demo-
graphics of the patients are summarized in Table 2. The
median age was 61, and 72% of the patients had a perfor-
mance status of 1. Twenty-Six patients had undergone more
than one prior therapy including 19 with prior exposure to
5FU. A median of two cycles was administered per patient
(range, 1-13+ cycles).

Adverse events and DLTs (Tables 1, 3)

Four patients were enrolled at treatment dose level one, five
at level two, four at level three, and 16 at level four
(Table 1). Five patients were considered not evaluable for
DLT for the following reasons: three patients were not
compliant with the instructions on capecitabine administra-
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DLTs were observed. All patients were evaluable for toxic-
ity except one who was lost to follow up. Thirty-eight per-
cent of patients required dose reductions and/or delays
(DR/DD) after a median of three cycles (range 1-6 cycles).
Toxicities leading to DR/DD included thrombocytopenia
(6), hand and foot syndrome (3), and fatigue (2). The most
common toxicities of any grade were fatigue (61%) and
anemia (43%). The most commonly experienced grade 3
toxicity was lymphopenia (14%). There were no grade 4
toxicities. All toxicities were manageable and reversible.

Preliminary antitumor activity (Table 4)

A total of 29 patients were enrolled on this study with 3 non-
evaluable for response as they were removed from the study
before restaging scans were done. Reasons for removal from
study were rapid symptomatic progression (2) and loss to
follow up (1). Additionally, one patient was non-evaluable
for time to tumor progression as he was withdrawn due to
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Table 4 Preliminary efficacy results and prior therapy

Disease site Prior therapy Dose Best TTP
level response (months)
Colorectal
1 1-FO 2-FIB 2 SD 6.1
2 1-FOB 2-ICe 3 PD 2
3 1-FOB 2-ICe 3 PD 1.8
4 1-FO 4 SD NE
5 1-FOB 2-1CeB 4 PD 1.9
6 1-FI 2-FOB 4 SD 7
7 1-FOB 2-FIB 4 SD 3.6
8 1-FOC 2-FIB 4 PD 2.1
9 1-FOB 2-ICe 4 PD 2.0
10 1-FOB 2-ICe 4 SD 13+
Esophageal
1 1-PTII 2-FI 1 PD 1.7
2 None 1 PD 1.7
3 1-CF 1 PD 1.2
4 1-FI 3 PD 1.8
5 1-CF 2-FI 4 SD 4.8
6 1-CF 4 SD 12.5
7 1-ECF 2-CaP 4 PD 1
8 1-CF 4 SD 4.7
Pancreas
1 1-G 2-IC 2 NE NE
2 1-G 3 PD 1.8
3 1-GO 2-t 4 SD 4.6
4 1-GF 4 SD 4.8
5 1-G 4 PD 1.8
6 1-GOt 4 PD 1.9
7 1-G 4 NE NE
Bile duct
1 1-GF 1 PD 1.8
2 None 2 NE NE
Gastric 1-PTI 2 SD 4.1
Hepatocellular ~ None 2 PD 2.2

In the metastatic setting only

Abbreviations: F 5-fluorouracil, O oxaliplatin / irinotecan, B bev-
acizumab, Ce cetuximab, P paclitaxel, T trastuzumab, // interleukin 12,
C cisplatin, E epirubicin, Ca carboplatin, G gemcitabine, ¢ tarceva, SD
stable disease, PD progressive disease, NE non-evaluable, 7P time to
tumor progression

lack of compliance with supportive therapy, and then was
switched to an alternative therapy by his treating physician
before evidence of progression was documented.

There were no objective responses observed. Nine
patients experienced prolonged stabilization of disease
(>4 months). The distribution of prolonged stable disease
was as follows in evaluable patients: colorectal cancer (3/9),
esophageal cancer (3/8), pancreas cancer (2/5), and gastric

cancer (1/1). Two patients had disease stabilization that
lasted beyond 1 year. The first patient had metastatic colo-
rectal cancer with intrathoracic lymphadenopathy and pul-
monary metastasis, and had progressed on FOLFOX/
bevacizumab followed by irinotecan/cetuximab before hav-
ing enrolled on the study. The patient continues to show
evidence of stable disease after 13 months on study. He
also has had evidence of tumor marker response (best CEA
response was a 50% drop from baseline). The other patient
had a diagnosis of metastatic esophageal cancer involving
the mediastinal and lower abdominal lymph nodes as well
the liver and the lungs, and he has had failed cisplatin and
SFU before enrolling on the study. He showed evidence of
stable disease that lasted 12.5 months, and had a tumor
marker response (Ca 19-9 dropped from 43.64 to <15 U/ml
with 35 U/ml being the upper limit of normal).

Discussion

Mitomycin C (MMC) and capecitabine have shown evi-
dence of activity in a variety of gastrointestinal malignan-
cies [4, 5, 14]. Preclinical as well as clinical studies have
suggested that MMC produces significant upregulation of
tumor specific levels of TP starting 4-6 days after treatment
and persisting for at least 10 days [16, 17]. Since a principal
determinant of the therapeutic index with capecitabine-
based treatment is the level of TP activity in malignant tis-
sues, therapeutic strategies to maximize TP activity can
result in higher antineoplastic efficacy after administration
of capecitabine. On that basis, we performed a phase I dose
escalation study of pharmacobiologically based scheduling
of capecitabine and MMC in patients with various gastroin-
testinal solid tumor malignancies.

This combination was found to be relatively well-toler-
ated with no evidence of grade 4 toxicities. Grade 3 hand
and foot syndrome was determined to be the DLT in one
patient at dose level 4 (MTD) with no further DLTs
observed. Higher doses of capecitabine were not tested,
given that the dose of 1,000 mg/m? twice daily for 14 days
is commonplace in the US [18]. We found no evidence of
MMC-related idiosyncratic or cumulative toxicities with a
median cumulative dose of MMC of 12 mg/m? (Range = 6—
36 mg/m?).

Although it is beyond the scope of a phase I study to
assess efficacy, we did observe a number of pretreated
patients with colorectal, gastroesophageal, and pancreatic
cancers experiencing prolonged stabilization of their dis-
ease. For example, in metastatic colorectal cancer (MCRC),
one-third of the evaluable patients with two prior therapies
in our study had prolonged stable disease (6.1, 7, and 13+
months) with 2 of those 3 patients experiencing a 40 and
50% drop in their respective CEA levels. Supporting the
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renewed interest in MMC in MCRC are numerous studies
combining it with a fluoropyrimidine across lines of ther-
apy. A recent phase II study, combining MMC to capecita-
bine in first line treatment of patients with MCRC, showed
disease control rates similar to those reported with the com-
monly used oxaliplatin and irinotecan-based regimens [20].
Moreover, a recent phase II study with a higher dose of
MMC (7 mg/m?) given over a longer interval (every
6 weeks) in combination with a higher dose of capecitabine
(2,500 mg/m? in split daily doses 2 weeks out of every
3 weeks as standard in Europe [18]) showed an objective
response rate of 15.2% in patients with MCRC previously
treated with SFU and irinotecan [21]. More recently, multi-
ple studies showed interesting responses, when MMC was
combined with other fluoropyrimidines such as UFT/Leu-
covorin or tegafur—uracil in pretreated patients with MCRC
[22, 23]. In our study, 90% of the patients with MCRC
were previously exposed to all 3 available drugs (irinotean,
oxaliplatin, and infusional SFU) in addition to at least one
of the standard biologics (bevacizumab and cetuximab)
prior to recruitment.

Of course, one can raise the question about the level of
contribution of one or the other agent. Single agent MMC
[4, 24, 25] and single agent capecitabine have minimal
activity in MCRC following documented bolus 5FU fail-
ure [26]. In our study, all patients with MCRC and the
majority of the ones with esophageal cancer had prior
exposure to infusional S5FU. There is also, in MCRC, evi-
dence of improved response rates, when 5FU was com-
bined with MMC when compared to S5FU alone,
suggesting some level of synergism between the two [27].
As such, any observed benefit is likely drawn from the
combination of the two agents rather from individual
activity of one of them.

In conclusion, capecitabine, in combination with MMC
in the proposed schedule, is well-tolerated with preliminary
evidence of activity in various gastrointestinal malignan-
cies. The recommended doses for phase II studies are
MMC at 6 mg/m” on day 1 of a 28-day cycle, in combina-
tion with capecitabine at 1,000 mg/m? twice daily on days
8-21. The dose of MMC is capped at 36 mg/m’. Future
studies utilizing this regimen should be developed in vari-
ous gastrointestinal malignancies, particularly in MCRC,
where recent evidence suggests that patients with a KRAS
mutation in their tumors will not benefit from anti-epider-
mal growth factor receptor inhibitors, leaving around 45%
of them with no options beyond the second line [28, 29].
Future studies should incorporate correlative work includ-
ing serial tumor biopsies to validate TP upregulation using
this schedule.
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