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Summary. Starting in July 1985, the Gynecologic  On- 
cology Group conducted a series of  phase II trials with 
ifosfamide/mesna in advanced or recurrent gynecologic  
malignancies. Previously untreated patients received 
1.5 g/m2 i. v. ifosfamide daily for 5 days. Mesna was given 
i.v. q 4 h  x 3 fol lowing ifosfamide; each dose was 20% of  
the daily ifosfamide dose. All patients with ovarian and 
87% of  those with cervical cancer had previously under- 
gone plat inum-based therapy. Because of  the toxicity en- 
countered in previously treated patients with ovarian carci- 
noma, the dose o f  ifosfamide was reduced to 1.2 g/m2 daily 
in all patients who had received prior chemo- or radiother- 
apy. In epithelial ovarian carcinoma, responses were ob- 
served in 8 (20.0%) of  41 evaluable patients, with 3 (7.0%) 
complete responses. Response duration was 2 . 1 - 2 0 . 3 +  
months, with a median of  6.9+ months. In squamous-cell  
carcinoma of  the cervix, 3 (11.1%) of  27 evaluable patients 
showed partial responses of  1.8, 2.2, and 3.1 months '  dura- 
tion. Of  26 untreated patients with mixed mesodermal 
tumors of  the uterus, 5 (19.2%) achieved complete and 3 
(11.5%) showed partial responses, for an overall response 
rate o f  30.7%. Response duration was 1 .4+-8 .6  months,  
with a median of  3.8 months. Toxicity included two deaths 
due to renal insufficiency and a third related to neurologic 
impairment. Hematologic  toxicity was manageable.  Ifos- 
famide/mesna has activity in a wide range of  gynecologic  
malignancies. 

Introduction 

Founded in 1970, the Gynecologic  Oncology  Group 
(GOG) is a multicenter cooperative organization spon- 
sored by the National Cancer Institute and dedicated to 
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clinical trial of  surgery, radiotherapy, and chemotherapy in 
the treatment of  gynecologic  cancer. Phase II trials of  
chemotherapeutic agents in malignancies that are non- 
amenable to surgical or radiotherapeutic control have been 
a G O G  priority since its inception. The activity of  ifos- 
famide in the treatment of  malignant lymphomas [5], pan- 
creatic [12] and testicular [17] carcinomas, and soft-tissue 
sarcomas [3] led the GOG to initiate a series of  phase II 
trials of  this drug in advanced or recurrent gynecologic  
malignancies in July 1985. 

Patients and methods 

Three separate GOG studies accrued patients from July 1985 to March 
1988. Protocol 26U involved previously treated malignancies of a variety 
of primary sites. The epithelial ovarian carcinoma and squamous-cell 
cervical carcinoma arms have since been closed to accrual and are 
summarized in this report. Chemotherapy-naive patients with squamous- 
cell carcinoma of the cervix were treated on protocol 76I, and protocol 
87B included subjects with advanced or recurrent uterine sarcomas who 
had not received prior chemotherapy. All patients with refractory epithe- 
lial ovarian carcinoma had previously undergone treatment with cisplatin 
and cyclophosphamide with or without doxorubicin. In all, 87% of 
patients with resistant sguamous-cell carcinoma of the cervix had re- 
ceived prior therapy with cisplatin, carboplatin, or iproplatin as well as 
radiotherapy. Patients with mixed mesodermal tumors and leiomyosar- 
comas of the uterus had not received prior chemotherapy. 

Biopsy or hysterectomy specimens from all patients were reviewed 
by the GOG Pathology Committee. Additional eligibility criteria in- 
cluded disease measurable by physical examination or medical imaging 
techniques; ascites and pleural effusions were not considered to be mea- 
surable disease. Also required were a GOG performance status of 2 or 
less; an interval of at least 3 weeks since any prior tumor-directed 
therapy; the absence of significant infection; recovery from recent 
surgery, radiotherapy, or chemotherapy; and adequate hematologic 
(WBC count of _> 3,000/mm3; platelet count of _> 100,000/ram3), hepat- 
ic (serum bilirubin, SGOT, and alkaline phosphatase values of _< 2 • 
normal levels), and renal (serum creatinine value of _< 2.0 mg% or 
creatinine clearance of _> 50 ml/min) function tests. Informed consent 
was obtained from all patients and none was treated until the study had 
been approved by the Human Investigations Committee of the participat- 
ing msmunon. 

Exclusion criteria were the absence of measurable disease, prior 
chemotherapy in patients with mixed mesodermat tumors and leiomyo- 
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Table 1. Hematologic toxicity according to GOG criteria 

Site Toxicity grade: 

0 1 2 3 4 

Total 

Leukocytopenia: 
Ovary 12 4 7 12 6 41 
Sarcoma 17 1 16 13 9 56 
Cervix 13 1 4 4 5 29 
Total (%) 42 (33.3) 6 (4.8) 27 (21.4) 29 (23.0) 20 (15.9) 126 (100) 

Granulocytopenia: 
Ovary 26 2 5 3 5 41 
Sarcoma 44 1 2 3 6 56 
Cervix 21 0 1 4 3 29 
Total (%) 91 (72.2) 3 (2.4) 8 (6.3) 10 (7.9) 14 (11.1) 126 (100) 

Thrombocytopenia: 
Ovary 24 7 6 2 2 41 
Sarcoma 49 5 0 1 1 56 
Cervix 28 0 1 0 0 29 
Total (%) 101 (80.2) t2 (9.5) 7 (5.6) 3 (2.4) 3 (2.4) 126 (100) 

sarcomas only, more than one prior chemotherapeutic regimen in those 
with ovarian and cervical tumors only, a GOG performance status of 
17 3, the presence of a second malignancy excluding squamous or basal 
skin lesions, and the presence of microhematuria in excess of the lowest 
normal institutional range. Ifosfamide was given i.v. daily x 5 every 
4 weeks at a dose of 1.5 g/m2; this dose was reduced to 1.2 g/m 2 in 
patients who had received prior radiotherapy or chemotherapy. Mesna 
was given i. v. at 300 mg/m 2 q 4 h for three doses following ifosfamide. 

History and physical examination, with assessment of evaluable 
lesions and GOG performance status, chemical analyses, measurement 
of blood urea nitrogen (BUN) and creatinine values, and microscopic 
urinalysis were carried out before each cycle of therapy, and WBC, 
differential, and platelet counts were obtained weekly. Abdominopelvic 
computerized tomographic (CT) scans were used in all patients, unless 
tumor parameters were measurable by examination or chest radiograph. 

Drug administration was delayed after hematologic toxicity until the 
WBC count was s 3,000/mm 3, the platelet count, s 100,000/mm 3 and 
the granulocyte count, f 1,500/ram 3. Patients were considered to be 
evaluable for toxicity if only one course of therapy was given and 
evaluable for response after a single course of therapy if there was 
clear-cut progression. In other cases, patients remained on study until 
either disease progression was noted or adverse effects prevented further 
therapy. Response duration was calculated from the date of response 
until documentation of disease progression. Standard GOG response 
criteria [2] were applied. 

Results 

Of 46 patients with epithelial ovarian cancer who were 
entered in the study, 4 were determined to be ineligible due 
to either a wrong primary or more than one prior chemo- 
therapy regimen. Another  patient was ineligible because of  
an inadequate trial of  therapy, In addition to cisplatin com- 
bination therapy, 7 patients had received radiotherapy and 
11 had previously undergone hormonal  therapy. A total of  
41 patients were evaluable for response and toxicity; their 
mean age was 54.4 years. Three patients (7.0%) achieved 
complete and five (13.0%) showed partial responses to 
therapy, for a response rate of  20.0%. Response duration 
was 2 . 1 - 2 0 . 3 +  months,  and six patients were progression- 
free at 5, 6, 7.8, 9.6, 12.3, and 20.3 months. Five of  eight 

responses were observed in patients with pelvic disease, 
and three were seen in patients with extrapelvic metastases. 

A total of  30 patients with advanced squamous-cell  
carcinoma of  the cervix were entered in the study. In all, 13 
subjects had previously received cisplatin; 10, carboplatin; 
and 3, iproplatin. All but two patients had received ra- 
diotherapy to the pelvis as primary treatment. Surgery had 
been carried out with curative intent in 12 patients whose 
median age was 47 years. Three patients (11.1%) re- 
sponded to ifosfamide therapy and responses were ob- 
served in both pelvic and extrapelvic disease. Response 
duration was 1.8, 2.2, and 3.1 months. Previous chemo- 
therapy in responding patients included cisplatin in two 
and carboplatin in one. 

Of  64 patients who received ifosfamide therapy for 
advanced or metastatic sarcomas of  the uterus, 56 were 
evaluable for toxicity. One patient each was ineligible be- 
cause of  wrong primary or was inevaluable because treat- 
ment was never started. For  six patients it is too early for 
analysis, and two are inevaluable for response. A total of  
41 patients had undergone prior hysterectomy, 2 under- 
went laparotomy only, and 11 had no previous surgery; 20 
subjects had received prior radiotherapy. Of  the mixed 
mtillerian tumors, 14 were homologous  and 15 contained 
heterologous elements. A m o n g  the patients with leiomyo- 
sarcomas, 29 were evaluable for toxicity and 28 for re- 
sponse; 4 (14.3%) of  the latter experienced partial re- 
sponses to therapy. Of  the patients with mixed miillerian 
tumors, five (19.2%) achieved complete responses to ifos- 
famide therapy and three (11.5%) showed partial re- 
sponses, for a response rate of  30.7%. Response duration 
was 1 .4+-8 .6  months,  with a median of  3.8 months. 

Toxicity 

Initially, 1.5 g/m 2 ifosfamide was given daily to previously 
treated patients with ovarian carcinoma, Because of  death 
due to renal toxicity in one patient with no known underly- 
ing renal disease as well as several cases of  grade 4 hema- 
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Table 2. Other toxicity according to GOG criteria 

Grade: 

Site 0 1 2 3 4 Total 

GI 62 13 47 2 2 I26 
Renal 93 23 7 1 2 126 
Neurologic 104 7 5 7 3 126 
Anemia 102 5 9 10 0 126 

tologic toxicity, the initial dose of ifosfamide was reduced 
to 1.2 g/m 2 per day in patients who had previously under- 
gone chemotherapy or radiotherapy. A second patient with 
ovarian carcinoma died of renal failure while receiving the 
reduced dose and was found to have chronic pyelonephritis 
and pyonephrosis at autopsy. One patient with squamous- 
cell carcinoma of the cervix developed grade 3 renal toxic- 
ity that was reversed by supportive measures None. Three 
patients with ovarian cancer developed microscopic hema- 
turia. No other significant renal or urothelial toxicity was 
encountered. Initially, microscopic examination of the 
urine was required on a daily basis; the lack of urothelial 
toxicity enabled urinalysis to be done prior to each course 
of therapy. 

An additional death occurred. After 3 days of ifos- 
famide therapy, one patient with a mixed mesodermal 
tumor of the uterus developed cerebellar dysfunction, 
left hemiparesis, and progressive coma and succumbed. 
A brain CT scan was done and showed no organic lesion. 
Lumbar puncture was not carried out, nor was a postmor- 
tem examination. This patient had normal renal and hepatic 
function by laboratory evaluation. Neurologic toxicity was 
also observed in 14 patients (t4%) who experienced som- 
nolence or a decreased level of responsiveness, which re- 
versed with discontinuation of ifosfamide therapy. 

Hematologic toxicity was acceptable. Of the patients 
evaluable for toxicity, GOG grade 3 and 4 leukopenia was 
observed in 23.0% and 15.9%, respectively. Only 19% of 
patients developed GOG grade 3 or 4 granulocytopenia, 
and none developed granulocytopenic fever or evidence of 
sepsis. Only 19.9% of patients had thrombocytopenia; 
2.4% each had grade 3 or grade 4 thrombocytopenia, with 
no thrombocytopenic hemorrhage being reported in any 
patient. Although more patients with ovarian cancer expe- 
rienced leukocytopenia than did those with mixed me- 
sodermal tumors or cervical cancers, no other difference in 
hematologic toxicity was observed relative to the site of 
disease. WBC counts of <3,000/mm3 (grade 2 or more) 
were more often reported (P = 0.04) among patients over 
65 years of age (78%) than among those who were younger 
(54%). The results of hematologic toxicity are outlined in 
Table 1. In all, 18 patients (18%) required transfusion 
during therapy with ifosfamide. GOG grade 3 or 4 gastro- 
intestinal (GI) toxicity was observed in only 4% of the 
patients treated (Table 2). 

Discussion 

Phase lI trials carried out by the GOG have extensively 
tested various drugs in epithelial ovarian carcinoma, 

squamous-cell carcinoma of the cervix, and mixed me- 
sodermal tumors of the uterus. Ifosfamide is among the 
most active agents tested in these disease sites. 

In ovarian epithelial carcinoma, cisplatin was the sec- 
ond in a series of salvage agents tested by the GOG. A re- 
sponse rate of 24% was observed in 37 patients, who 
relapsed after alkylating-agent or anthracycline therapy 
[15]. Since the incorporation of cisplatin into first-line 
therapeutic regimens in ovarian cancer, reports of active 
salvage agents have been few. Tamoxifen and dianhydro- 
galactitol have produced response rates of 17.0% and 
15.4%, respectively [1, 14]. No drug tested by the GOG 
has resulted in a response rate exceeding 20%. The activity 
of ifosfamide in ovarian cancer, suggested by Bruehl et al. 
[4] and Yazigi et al. [18] was confirmed by the present 
study. The activity of this drug in patients who had pre- 
viously received cyclophosphamide also suggests the lack 
of cross-resistance between these two agents. It is apparent 
that an ifosfamide dose of 1.5 g/m2 per day in patients 
who have previously received intensive combination che- 
motherapy may produce unacceptable toxicity. 

Other authors [6] have suggested that ifosfamide is 
active against previously treated squamous-cell carcinoma 
of the cervix. The three partial responses observed in the 
present study confirm this impression, although the re- 
sponse rate was low (11.1%). Other agents studied by the 
GOG that have shown activity exceeding 10% in patients 
who had failed cisplatin therapy include dianhydrogalacti- 
tol [14] and rozoxane [10]. The lack of significant toxicity 
observed in the present study among patients with cervical 
cancer suggests that a trial of ifosfamide in untreated 
patients could be conducted at a higher dose level and that 
the agent may be given at 3-week intervals. 

Agents used by the GOG in the treatment of mixed 
mesodermal tumors of the uterus include doxorubicin with 
or without DTIC [13], piperazinedione [11], cisplatin [16], 
and etoposide [19]. Of these drugs, doxorubicin plus DTIC 
produced a 22.6% response rate and cisplatin yielded a 
17.9% response rate; neither result approaches the 32.2% 
rate observed in the present study. The GOG is studying 
ifosfamide with or without cisplatin in a phase III study in 
untreated patients with advanced or recurrent mixed me- 
sodermal tumors of the uterus. 

The dominant hematologic toxicity observed in this 
study was leukocytopenia with relative platelet sparing. 
Nadir counts were modestly low, and neither granulocyto- 
penic fever nor thrombocytopenic hemorrhage was ob- 
served. Deaths due to renal failure occurred in two patients. 
Renal failure attributable to ifosfamide therapy is felt to be 
less common and less predictable than urothelial toxicity 
[19], although the use of mesna has markedly reduced the 
latter. Goren et al. [9] have suggested that nephrotoxicity 
may be more common in patients who have previously 
received cisplatin therapy, and other investigators [17] 
have suggested an increased risk of toxicity in patients 
whose renal function is impaired by other factors. The 
death due to renal failure observed in the present study at 
the lower starting dose of ifosfamide was probably related 
to renal insufficiency resulting from chronic infection. 

The incidence of neurotoxicity (14%) in the present 
study is similar to that observed by others [7]; however, it 
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is possible that neurotoxici ty was underreported in the 
early portion of our study. Mild neurotoxicity consist ing of 
somnolence alone was difficult to detect in the presence of 
lorazepam, used frequently as an antiemetic in the present 
study. The neurotoxici ty of ifosfamide is not well under- 
stood but may be related to accumulat ion of the metaboli te 
chloracetaldehyde [8], which is related to the known  cen- 
tral-acting depressants acetaldehyde and trichloroacetalde- 
hyde (chloral hydrate). Neurologic impairment  by ifos- 
famide is usually global in nature, and it is uncertain 
whether the death in the present study was directly related 
to ifosfamide or to an undetected vascular event. The en- 
cephalopathic death of one patient who was ineligible for 
this study because of severely compromised hepatic func- 
t ion underscores the need for adequate renal and hepatic 
reserves in patients receiving ifosfamide therapy. 
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