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Summary. From April 1982 through February 1984, 29 pa-
tients with pancreatic cancer were treated with ifosfamide
(1.25-1.5 g/m? on days 1-5) + N-acetylcysteine (NAC)
2 g p.o. every 6 h on days 1-7 every 3 weeks. In respond-
ing patients without serious toxicity, subsequent courses of
ifosfamide were escalated every 3 weeks by 0.25 g/m? per
day to a maximum of 2 g/m? per day, with escalation of
NAC to 12 g/day. Patients with KPS <50, serum creati-
nine or bilirubin >2 mg/d 1, or obstructive uropathy were
ineligible. The median age was 54 (range 36-78), median
KPS 70, and median pretreatment weight loss 9 kg. Toxici-
ty included nausea, vomiting, moderate myelosuppression,
and occasional mental confusion. Hematuria (>11 RBC/
HPF) developed in only 1/29 courses (17 patients) of ifos-
famide at =1.75 g/m? per day, and in 7/52 courses (27 pa-
tients) overall (13%). Of 27 evaluable patients 6 responded
(22%), including 1 with complete response. The median
survival was 6 months. Based upon these results, we are
currently evaluating ifosfamide + 5-fluorouracil in pan-
creatic cancer.

Introduction

Adenocarcinoma of the pancreas is the fourth most com-
mon cause of cancer-related death in the United States.
Chemotherapy has had a minimal role in the treatment of
pancreatic cancer. 5-Fluorouracil remains the most active
drug in this disease, with a response rate of approximately
15% and no apparent impact on the expected median sur-
vival time of 4-6 months [12].

A combination regimen using 5-fluorouracil, doxoru-
bicin, and mitomycin C (FAM) was initially reported by
investigators at Georgetown to produce remissions in 10 of
25 (40%) patients with measurable pancreatic cancer [19].
Although responding patients lived for approximately 1
year, the median survival for all patients in this study was
still only 5.5 ‘months. Subsequent trials at Georgetown us-
ing the same FAM regimen with the addition of chlorozo-
tocin [20] or hexamethylmelamine [21] have shown lower
response rates (13% and 21%, respectively) with similar
median survival times. Recently the FAM regimen failed
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to demonstrate an improved response rate or survival ad-
vantage over 5-fluorouracil alone or in combination with
adriamycin in a randomized prospective trial [6].

Regimens containing streptozotocin in place of doxo-
rubicin have had similar response rates to FAM with no
apparent impact on median survival [S, 16, 24]. Thus, it is
obvious that new active chemotherapeutic agents are
needed for the treatment of this disease.

The role of alkylating agents in pancreatic cancer has
hitherto been poorly defined. Although data have suggest-
ed activity for nitrogen mustard [11], chlorambucil [14],
and cyclophosphamide [22], the information has been
anecdotal prior to the establishment of more rigid re-
sponse criteria. More recently, in a randomized phase 11
trial melphalan was found to be devoid of activity [9]. A
further trial, which compared streptozotocin with either
5-fluorouracil or cyclophosphamide in the treatment of
pancreatic cancer, revealed only a 12% response rate in 93
evaluable patients [13].

In 1976, Briihl and his group reported 8 partial and 2
complete remissions in 13 patients with pancreatic cancer
treated with ifosfamide [1-3]. The mean survival was still
only 8.6 months, but he did note a complete responder
alive at 24 months. Following this result and other Euro-
pean data which suggested activity of ifosfamide in this
disease, Gad-El-Mawla et al. found 6 partial responses in
10 patients with pancreatic cancer treated with this drug
[7]. However, at the dosage of ifosfamide used (2.0 g/m?
per day on days 1-5), all but two patients developed hem-
orrhagic cystitis. Certain thiol compounds, such as N-ace-
tylcysteine and mesna, have been demonstrated to be ef-
fective in decreasing the urotoxicity of the oxazphospho-
rines (e.g., cyclophosphamide, ifosfamide) [18, 23]. A trial
was therefore initiated of ifosfamide with N-acetyleysteine
(NAC) for the treatment of pancreatic adenocarcinoma.

Materials and methods

From April 1982 to February 1984, in all 29 patients with
biopsy-proven locally unresectable or metastatic adeno-
carcinoma of the pancreas were considered eligible for this
study. Characteristics of the patients entered on this study
are shown in Table 1. The median age was 54 (range
36-78) years. The median pretreatment weight loss was
20 1bs (range 0—53 1bs). All patients had a Karnofsky per-
formance status of 50 or greater, and demonstrated at least
one bidimensionally measurable lesion. Malignant hepa-
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Table 1. Patient characteristics

1. Characteristic Patients (n = 29)

Sex: male/female 18/11
Performance status
90-100 4
70— 80 15
50— 60 9
Sites of measurable disease
Liver 13
Pancreatic mass 14
Lymph nodes 2
Prior chemotherapy 2

tomegaly could be considered measurable disease if the
liver edge was palpated in quiet respiration at least 5 cm
below the costal margin at the midclavicular line or xip-
hoid process prior to treatment. No chemotherapy or ra-
diotherapy was permitted within 3 and 4 weeks, respec-
tively, before entry to this study. All patients had a serum
creatinine of 2 mg/dl or less and adequate bone marrow
reserve (granulocyte count greater than 2000/uLl, platelet
count greater than or equal to 125000/ ul).

Pretreatment studies included a history and physical
examination, checks on SMA-12, electrolytes, BUN, creat-
inine, CEA, and EKG, urinalysis, and chest X-ray. Ab-
dominal computed tomographic scanning was performed
for baseline tumor measurements in all patients.

Pretreatment hydration consisted of 11 5% dextrose in
0.45 normal saline. Ifosfamide was then administered at
1.25 g/m? in 500 ml 5% dextrose in water infused over ap-
proximately 1 h for 5 consecutive days. Further hydration
with two additional 12-h infusions of 11 5% dextrose in
0.45 normal saline was administered during each 24-h pe-
riod. When no significant toxicity was noted in the first six
patients treated, the starting dose of ifosfamide was in-
creased to 1.5 g/m? per day on days 1-5 in newly entered
patients. Patients voided at least every 2 h while awake
and at least once during the night. NAC was taken orally
at a dosage of 2 g at least 1 h before ifosfamide treatment,
and continued every 6 h until 2 days after the last ifosfa-
mide dosage. In patients receiving more than 1.5 g/m? ifos-
famide, NAC was increased to 2 g every 4 h for the same
duration. Daily urinalysis demonstrating no more than 10

Table 2. N-Acetylcysteine dosages

1. Ifosfamide dosage
1.25-1.5 (g/m? per day)
1.75-2.0 (g/m? per day)

2. With grade II or greater hematuria — ifosfamide delayed until
hematuria resolved, then reinstituted at the same dosage). NAC
was increased as stated below:

Grade
11 (11-50 RBC/HPF) 25¢g
III (> 50 RBC/HPF) 30g

3. If further grade II or IIl hematuria developed upon rechal-
lenge, and patient was receiving maximum NAC dosage (18
g/day), subsequent dosages of ifosfamide were decreased by
25% (for grade II toxicity) or 50% (grade III toxicity)

NAC dosage
20gp.o.every 6 h
2.0gp.o.every 4 h

NAC dosage p.o. every 4 h

red blood cells/per high-power field (grade 0~1) was re-
quired before administration of ifosfamide.

If no toxicity worse than grade I (Table 2) was noted,
subsequent courses of ifosfamide were administered in a
similar fashion every 3 weeks, with a dosage escalation (by
increments of 0.25 g/m? per day for 5 days) to a maximum
dosage of 2 g/m? per day. Responding patients were con-
tinued on study at the maximal tolerated dosage for a
maximum of | year or withdrawn sooner, at the discretion
of the physician. If a grade II or greater hematuria deve-
loped, the subsequent NAC dose was increased (see
Table 2), and when hematuria resolved ifosfamide was re-
sumed at the previous dosage. If subsequent grade II or
greater hematuria again developed, NAC was escalated to
a maximum of 3.0 g every 4 h [18]. If grade II or grade I1I
hematologic or urothelial (after maximum NAC dosage)
toxicity developed, subsequent doses of ifosfamide were
decreased by 25% and 50%, respectively.

A complete response (CR) is defined as complete reso-
lution of abnormalities noted on physical examination, CT
scan, and serum CEA determinations. A partial response
(PR) is defined as a greater than 50% decrease in the sum
of the product of two perpendicular diameters of all
measurable disease for at least 1 month. When hepatome-
galy was used as the criterion of response, a decrease of at
least 30% in the sum of the measurements below the right
and left costal margins at the midclavicular line and xip-
hoid process was required. Stable disease was a decrease
by less than 50% and an increase of no greater than 25% in
the size of measurable lesions for at least 2 months. When
CT scan was used for tumor measurements, subsequent
measurements were accomplished by using comparable
field cuts using the same definition for responses. Re-
sponse duration and survival were calculated from the first
day of treatment to the day of relapse and death, respec-
tively.

Results

Of the 29 patients who entered the study, 2 were inevalu-
able for response: 1 of these received 2 days of therapy,
developed hemorrhagic cystitis, and refused further treat-
ment, while the other developed acute renal failure after
the third day of treatment with ifosfamide and died prior
to an evaluation of response. Both are considered evalu-
able for toxicity. The median number of courses adminis-
tered for responders was 6.5 (range 4—8) and for non-re-
sponders, 2 (range 1-6).

Toxicity was predominately urothelial and hematolog-
ic. In 14 courses (12 pts) of ifosfamide at 1.25 g/m? per day
only one case of grade IT hematuria developed, in a wom-
an with a concurrent urinary tract infection. Six episodes
of grade III and one episode of grade II hematuria oc-
curred during 52 courses (27 pts) of ifosfamide at 1.5 g/m?
per day (total incidence grade 11/III: 7/52 or 13%). In 29
courses of ifosfamide at 1.75 g/m? per day (11 pts) or
2 g/m? per day (6 pts) only one episode of grade ITI he-
maturia developed (total incidence of grade II/III: 1/29
or 3.5%). Hemorrhagic cystitis was the principle reason for
4 patients failing to attain or maintain the maximum do-
sage of ifosfamide (2 g/m? per day). In general, hematuria
occurred during the 5-day treatment course, but one pa-
tient developed gross hematuria 3 weeks after his eight cy-
cle of ifosfamide. Hematuria generally resolved in 24-72 h
after the cessation of ifosfamide. Subsequent successful re-



treatment with the same dose of ifosfamide with increased
NAC was achieved in only 1 of 3 patients.

Myelosuppression was generally mild, although severe
leukopenia (WBC less than 1000/mm?*) and thrombocyto-
penia (< 50000/mm?) occurred on the first day of the next
treatment course in two patients at ifosfamide dosages of
1.5 g/m? or less. One of these patients had a pretreatment
bilirubin of 6.8, while the other had had extensive prior
treatment with chemotherapy (fluorouracil, doxorubicin
and mitomycin C). Two patients had episodes of Klebsiel-
la pneumoniae bacteremia following treatment with ifosfa-
mide. In neither case was sepsis associated with granulo-
cytopenia, and it resolved with appropriate antibiotics in
both. One case of granulocytopenic fever of unknown
etiology resolved with antibiotics. Ifosfamide dosages were
not escalated in patients because of myelosuppression (low
nadir (<2500) 4 pts; <2500 on day of treatment, 3 pts;
granulocytopenic fever, 1 pt).

Nausea and vomiting occurred in nearly three-quarters
of the treated patients. This side-effect appeared to be as-
sociated with the ingestion of NAC rather than with the
ifosfamide infusion. Gastrointestinal toxicity was dose-li-
miting in 4 patients.

Five patients demonstrated central nervous system dis-
turbances, which included disorientation, cognitive dys-
function, mild memory disturbances, and hallucinations.
Dosages of ifosfamide at the times of these occurrences
ranged from 1.25 to 2 g/m? per day. Although most of

these patients were taking antiemetics and narcotics con-

comitantly with the ifosfamide treatment, all patients not-
ed improvement of these symptoms within 24—48 h upon
discontinuation of the ifosfamide. This was the dose-limit-
ing toxicity in one patient.

Acute renal failure requiring dialysis occurred in one
patient treated with ifosfamide for only 3 days at a dosage
of 1.5 g/m? per day. This patient had no known pre-exist-
ing renal dysfunction. The patient succumbed eventually
when further dialysis was refused by the patient and fami-
ly. In addition to the nephrotoxicity experienced by this
patient, confusion, gross hematuria, and profound myelo-
suppression (WBC 100 cells/mm® platelet count
32000/mm?) occurred.

Among the 27 patients evaluable for response, there
were 1 CR and 5 PRs (22% response rate; 95% confidence
limits 6% and 38%). The complete responder had disap-
pearance of a 5 x 5 cm supraclavicular lymphnode (an
abdominal CT scan was normal prior to treatment whith-
out change during therapy). All the partial responders had
improvement of liver metastasis noted on CT scan. One of
the partial responders demonstrated complete resolution
of hepatic metastases in CT scan, but the CEA failed to
normalize completely (from 160 ng/ml to 10.8 ng/ml).
Five patients demonstrated stable disease for 3+, 5, 6,
7+, and 11 months. The pancreas was the site of the pri-
mary measurable lesion in 4 of these 5 patients. Respon-
ders were treated with a median of 6.5 courses (range 4-9)
and nonresponders with a median of 2 courses (range
1-6).

The median duration of survival for the entire group
was 6 months (range 1-15+ months). Responders and
nonresponders had median survival times of 8 months and
5 months, respectively. The median duration of response
was 7 months (range 4—12 months). The two patients with
a history of prior chemotherapy did not respond to treat-
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ment. All patients who demonstrated a response to treat-
ment had an improved performance status and decreased
pain. All but one of the responding patients demonstrated
either stable or increasing weight during treatment.

Discussion

Ifosfamide is an alkylating agent which is a structural ana-
logue of cyclophosphamide. In phase I trials ifosfamide
was found to differ from its parent compound in that it
caused substantially less myelosuppression, but it had a
marked incidence of hemorrhagic cystitis. Although the
administration of ifosfamide in divided doses over 5 days,
hydration, and frequent voiding has minimized the uro-
thelial damage, hematuria has remained the dose-limiting
toxicity [22].

The exact mechanism by which ifosfamide induces he-
maturia is unclear. Following administration, ifosfamide is
metabolized in the liver to various active and inactive
forms. The final metabolic products include acrolein and
chloroacetic acid. Although acrolein is thought to be the
major compound causing urothelial damage, several other
compounds may be responsible [1, 15]. Compounds such
as N-acetylcysteine and mesna form sulfhydryl bonds with
acrolein, and perhaps these other compounds in the urine
to minimize this toxicity {2, 4, 8, 15, 16, 23]. A dose-re-
sponse relationship of NAC for the prevention of ifosfa-
mide-induced hematuria has been suggested in previous
reports [10, 18].

Oral N-acetylcysteine was associated with bladder pro-
tection in the majority of patients in this study, but tem-
porary symptoms of cystitis still occurred in some patients.
In general, cystitis was symptomatic with dysuria prior to
the onset of hematuria and resolved within 1 to 2 days of
discontinuation of ifosfamide. Upon resolution of the cys-
titis, further treatment with the same dosage of ifosfamide
at increased dosage of NAC was possible in only one pa-
tient. As the NAC was associated with nausea and vomit-
ing in most patients in this study, increased dosages of the
oral agent were poorly tolerated. Parenteral forms of uro-
thelial protective agents (i.e., NAC, mesna) might mini-
mize this toxicity.

The major symptomatic toxicity in this study was
gastrointestinal (nausea and vomiting). Gastrointestinal
disturbances seemes to correlate strongly with the inges-
tion of the NAC capsules. Although most patients did ma-
nage to continue to take the NAC, antiemetics were fre-
quently used.

Since 1984, we have had access to mesna, a new uro-
epithelial protector. We feel this agent is preferable to
NAC because it can be given i.v., is as effective as NAC,
and is not associated with nausea or vomiting.

Myelosuppression was generally mild in patients with-
out prior chemotherapy or hyperbilirubinemia. Only one
patient developed granulocytopenic fever during therapy.
The one drug-related mortality in this study was a result of
renal failure. Renal toxicity associated with ifosfamide is
an uncommon finding [23]. Nephrotoxicity has usually
been observed in patients with pre-existing renal disease.
As ifosfamide is metabolized by the liver but excreted into
the urine, acute renal failure with ifosfamide is often asso-
ciated with severe and prolonged myelosuppression. With
adequate support the renal dysfunction usually reverses
[15]).
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The development of confusion during treatment with
ifosfamide has been observed before [17, 23]. Van Dyk et
al. reported confusion in 7 patients above the age of 60
years who received dosages of ifosfamide of 150 mg/kg
every 2 weeks [17]. CNS toxicity was not observed in pa-
tients receiving lower dosages of ifosfamide, suggesting
that this was a dose-related toxicity. No information was
given on concurrent medications, but 2 patients had brain
metastases found at postmortem examination. In our
study, CNS toxicity occurred at dosages of 1.25-2 g/m?,
which does not necessarily support a dose-related toxicity.

This study confirms early results showing activity for
ifosfamide in the treatment of pancreatic cancer. The re-
sponse rate in this study, however, is less than the 60% (6
out of 10 patients) reported by Gad-El-Mawla et al. [7).
The daily dosage of ifosfamide in the Egyptian study was
2 g/m’ in contrast to the initial starting dose in this study
of 1.25-1.5 g/m? Only 6 patients were subsequently given
the higher dosage of 2 g/m?, because of tumor progres-
sion, myelosuppression, or hematuria at lower dosages. In
the six responders in this study maximum dosages of ifos-
famide were 1.5 g/m? (2 patients), 1.75 g/m? (2 patients),
and 2 g/m? (2 patients). A dose-response relationship for
ifosfamide may explain this difference but was not ex-
amined by this study.

In summary, ifosfamide is an active agent for the treat-
ment of adenocarcinoma of the pancreas. Dosages above
1.2 g/m? per day can usually be administered safely in the
majority of patients when strict attention is paid to hydra-
tion and frequent voiding. The administration of NAC al-
so appears to minimize the urothelial toxicity but is often
associated with at least a moderate degree of nausea and
vomiting. Intravenous preparations of urothelial protec-
tive agents may minimize the gastrointestinal toxicity asso-
ciated with this treatment. Further trials of ifosfamide for
the treatmet of pancreatic cancer are warranted.

References

1. Brock N, Pohl J, Stekar J (1981a) Studies on the urotoxicity
of oxazaphosphorine cytostatics and its prevention: 1. Experi-
mental studies on the urotoxicity of alkylating compounds.
Eur J Cancer 17: 596607

2. Brock N, Pohl J, Stekar J (1981b) Studies on the urotoxicity
of oxazaphosphorine cytostatics and its prevention: 2. Com-
parative study on the uroprotective efficacy of thiols and
other sulfur compounds. Eur J Cancer Clin Oncol 17:
1155-1163

3. Brithl P, Giinther V, Hoefer-Janker H, et al (1976) Results ob-
tained with fractionated ifosfamide massive-dose treatment in
generalized malignant tumors. Int J Clin Pharmacol 14:
29-39 -

4. Bryant GM, Ford HT, Jarman M, Smith IE (1980) Prevention
of isophosphamide-induced urothelial toxicity with 2-mercap-
toethane sulphonate sodium (mesnum) in patients with ad-
vances carcinoma. Lancet 2: 657-659

5. Bukowski RM (1981) Randomized comparison of 5-FU and
mitomycin C versus 5-FU, mitomycin C and streptozotocin in

11.

12.

13.

14.

15.

16.

18.

19.

20.

21.

22.

23.

24,

pancreatic adenocarcinoma — A Southwest Oncology Group
Study. (Abstract) Proc Am Assoc Clin Oncol 1: 4353

. Cullinan S, Moertel C, Fleming T, et al (1984) A randomized

comparison of 5-FU alone, 5-FU + adriamycin and 5-FU +
adriamycin + mitomycin C in gastric and pancreatic cancer.
(Abstract) Proc Am Soc Clin Oncol 3: 137

. Gad-El-Mawla N (1981) Ifosfamide treatment of pancreatic

cancer. Cancer Treat Rep 65: 357-358

. Holoye P, Duelge J, Hansen RM, et al (1983) Prophylaxis of

Ifosfamide toxicity with oral acetylcysteine. Semin Oncol 10
(1): 66-71

. Horton J, Gelber RD, Engstrom P, et al (1981) Trials of single

agent and combination chemotherapy for advanced cancer of
the pancreas. Cancer Treat Rep 65: 65-68

. Loehrer PJ, Williams SD, Einhorn LH (1983) N-Acetylcys-

teine and ifosfamide in the treatment of unresectable pancrea-
tic adenocarcinoma and refractory testicular cancer. Semin
Oncol 10 (1): 72-75

MacDonald JS, Widerlite L, Schein PS (1977) Biology, diag-
nosis and chemotherapeutic management of pancreatic malig-
nancy. Adv Pharmacol Chemother 14: 107142

Moertel CG (1982) Exocrine pancreas. In: Holland JF, Frei E
11T (eds) Cancer medicine, 2nd edn Lea and Febiger, Philad-
elphia, pp 1792-1808

Moertel CG, Douglass HO, Hanley J, Carbone PP (1977)
Treatment of advanced adenocarcinoma of the pancreas with
combinations of streptozotocin plus 5-fluorouracil and strep-
tozotocin plus cyclophosphamide. Cancer 40: 605-608
Moore GE, Bross ID, Ausman R, et al (1968) Effects of chlor-
ambucil (NSC-3088) in 374 patients with advanced cancer.
Cancer Chemother Rep 52: 661-666

Morgan LR, Holdiness MR, Gillen LE (1983) N-Acetylcys-
teine: its bioavailability and interaction with ifosfamide me-
tabolites. Semin Oncol 10 (1): 56-61

Oster MW, Theologides A, Cooper MR, et al (1983) Fluorou-
racil + adriamcyin + mitomycin versus fluorouracil + strep-
tozotocin + mitomycin in advanced pancreatic cancer. (Ab-
stract) Proc Am Assoc Clin Oncol, 90

. Rodriguez V, Bodey GP, Freirich JJ, et al (1976) Reduction of

ifosfamide toxicity using dose fractionation. Cancer Res 36:
2945-2948

Slavik M, Saiers JH (1983) Phase I clinical study of acetylcys-
teine’s preventing ifosfamide-induced hematuria. Semin On-
col 10 (1): 62-65

Smith FP, Hoth DF, Levin B, et al (1980) 5-Fluorouracil, adri-
amycin and mitomycin C (FAM) chemotherapy in the treat-
ment of advanced pancreatic carcinoma. Cancer 46:
2014-2018

Smith FP, Rustgi VK, Schertz G, Woolley PV, Schein PS
(1982) Phase 11 study of 5-FU, doxorubicin, and mitomycin C
and chlorozotocin in advanced measurable pancreatic cancer.
Cancer Treat Rep 66: 2095-2096

Smith FP, Priego V, Lokey L, et al (1983) Phase II evaluation
of hexamethylmelamine + FAM in advanced measurable
pancreatic cancer. Proc Am Soc Clin Oncol 2: 126

Solom J, Alexander MJ, Steinfeld JL (1963) Cyclophospha-
mide: a clinical study. J Am Med Assoc 183: 165-170

Van Dyk JJ, Falkson HC, Vender Verive AM, et al (1972) Un-
expected toxicity in patients with ifosfamide. Cancer Res 32:
921-924

Zimmermann SE, Smith FP, Schein PS (1981) Chemotherapy
of pancreatic carcinoma. Cancer 47: 1724-1728



