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Summary. Carboplatin (CBDCA) is a second-generation
cisplatin analog that has shown activity in early clinical
trials. Its spectrum of toxicity is quantitatively and qualita-
tively different from that of the parent compound. Be-
tween November 1984 and September 1986 we conducted
a phase II trial of CBDCA in 46 women wih epithelial
ovarian cancer. All patients had undergone at least one
prior chemotherapy regimen; 41 (89%) had previously re-
ceived cisplatin (mean cumulative dose, 540 mg/m?). The
CBDCA dose was based on renal function and was inject-
ed i.v. once every 4 weeks. Patients were stratified on
the basis of baseline creatinine clearance: those with a
baseline creatinine clearance of >60 ml/min received
400 mg/ m? CBDCA ; those with a creatinine clearance be-
tween 30 and 60 ml/min received an initial dose calculated
according to a previously published formula |2, 3] that cor-
rected for renal insufficiency and projected nadir platelet
counts of 75,000/mm?>. Of 41 evaluable patients, 6 (15%)
had an objective response [2 complete responses (CRs); 4
partial responses (PRs)]; 5 of the 6 responders had previ-
ously responded to cisplatin treatment. No responses were
observed in 12 patients who had not responded to prior
cisplatin therapy. Significant hematologic toxicity was
seen. Of 18 patients with a creatinine clearance of
>60 ml/min (dose, 400 mg/m?), 6 had nadir platelet
counts of <25,000/mm?, 4 with symptomatic bleeding, Of
the 21 evaluable patients for whom the dose-modification
formula was applied, 10 had nadir platelet counts of
<75,000/mm?; 5 had counts of <50,000/mm?3. CBDCA
has activity even in patients who have previously under-
gone extensive cisplatin therapy; however, its toxicity is
variable and thrombocytopenia is dose-limiting. We did
not confirm the ability of the above-mentioned formula to
calculate the CBDCA dose and accurately predict the na-
dir platelet count for all patients. Other factors, such as
prior radiotherapy, may also be important in the dosing of
CBDCA in pretreated patients.
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Introduction

Major obstacles in the treatment of ovarian cancer include
dose-limiting acute and cumulative toxicities from cis-
platin-containing regimens and the lack of effective sec-
ond-line therapies. Carboplatin (CBDCA) is an active sec-
ond-generation cisplatin analog with quantitative and
qualitative differences between its spectrum of toxicity and
that of the parent compound. Its activity against epithelial
ovarian cancer has been documented in phase I [1] and 11
[4, 5] studies. In its recent randomized comparison with
cisplatin as the primary chemotherapy for ovarian cancer,
equal activity was observed [10]. Furthermore, CBDCA
may not be cross-resistant with cisplatin in ovarian cancer
[4, 5], making it an attractive drug for second-line chemo-
therapy in patients previously treated with cisplatin. The
dose-limiting toxicity for CBDCA is myelosuppression,
particularly thrombocytopenia, whereas neurotoxicity,
nephrotoxicity, and ototoxicity are commonly absent 1, 4,
5, 10]. This difference in the patterns of toxicity may per-
mit CBDCA to be used in patients who have otherwise
reached dose-limiting cisplatin toxicity.

CBDCA is eliminated primarily through the kidneys
and its excretion can be related to the glomerular filtration
rate. Patients with impaired renal function demonstrate
slower clearance of CBDCA [8, 9] and increased myelo-
suppression [1], which is of particular importance in pa-
tients with cisplatin-induced renal insufficiency. A creati-
nine clearance of <60 m!/min is a common finding after
aggressive platinum-containing therapy. In an attempt to
maximize the therapeutic value of CBDCA without unac-
ceptable toxicity, Egorin et al. [2, 3] have proposed and
validated a formula for calculating CBDCA doses. This
formula takes into consideration the slower clearance of
drug by patients with renal impairment, hematopoietic sta-
tus quantified by pretreatment platelet count, and desired
platelet nadir [2, 3].

We conducted a phase II trial in patients with ovarian
cancer; patients who had relapsed after prior cisplatin
therapy and those who progressed while on cisplatin were
eligible. Our objectives were to evaluate further the effica-
cy of CBDCA in this patient population. In addition, we
prospectively evaluated the predictive dosing formula in
patients with renal insufficiency.

Patients and methods

Between November 1984 and September 1986, 46 women
with epithelial ovarian cancer recurrent or persistent after
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conventional chemotherapy were entered in the study.
Other eligibility criteria included: histologically proven
epithelial ovarian cancer with measurable or evaluable dis-
ease, a WHO performance status of <3, adequate bone
marrow function — defined by a baseline white blood
count (WBC) of > 3,500 cells/mm? and a platelet count of
>100,000/mm® — and a 24-h creatinine clearance of
> 30 ml/min. Participation in the study was not restricted
by the number of prior chemotherapy regimens or by prior
radiotherapy. Written informed consent was obtained
from all patients prior to study entry.

CBDCA was supplied in 150-mg vials by Bristol Myers
Company, Pharmaceutical Research and Development Di-
vision. Each dose was injected i.v. in 500 ml 5% dextrose
in water over 30 min with no added pre- or posthydration.
The initial dose for patients with a creatinine clearance
of >60ml/min was 400 mg/m> Patients with a crea-
tinine clearance of >30ml/min and <60 ml/min re-
ceived a starting dose calculated according to the follow-
ing formula:

Dose (mg/m?2) = (0.091) x
pretreatment platelet count —

creatinine clearance  platelet nadir desired 100 17| +86

body surface area  pretreatment platelet count )

This formula includes a correction factor (—17) for previ-
ous extensive myelosuppressive therapy [2].

The target nadir platelet count was 75,000/mm>. Sub-
sequent CBDCA doses were adjusted to individual marrow
tolerance as measured by peripheral blood counts. The
CBDCA dose was escalated by 25% if the nadir platelet
count was >100,000/mm?® or the nadir WBC was
>2,500/mm’. It was reduced by 25% if the nadir platelet
count was 50,000-75,000/mm’ or the nadir WBC was
1,000—1,500/mm?; the dose reduction was 50% for nadir
platelet counts of <50,000/mm*® and nadir WBCs of
< 1,000/mm?. Treatment was repeated every 4 weeks, pro-
vided that peripheral blood counts were adequate on the
treatment date (i.e., WBC of >3,500/mm’ and platelet
count of >100,000/mm?). Otherwise, treatment was delay-
ed until the recovery of counts to the above values.

A medical history and physical examination were car-
ried out before each cycle of chemotherapy. Complete
blood counts were obtained weekly, and creatinine clear-
ance and serum chemistries were assessed at monthly in-
tervals. To assess tumor response, appropriate radiologic
studies and CA 125 tumor marker assays were carried out
every 2-3 months.

Measurable disease was defined as a mass with clearly
demarcated dimensions on physical examination, compu-
terized axial tomography (CAT) scan, or ultrasonography.
An evaluable tumor was defined as nonmeasurable disease
that could be assessed for tumor response, i.e., pleural ef-
fusions, ascites, and pelvic or abdominal masses with ill-
defined borders. A complete response (CR) was defined as
the absence of any detectable disease for a minimum of
4 weeks, and a partial response (PR), as a reduction of
>50% in the sum of the products of the largest diameter
and its perpendicular in all indicator lesions. A PR in pa-
tients with evaluable disease was defined as a 50% decrease
in the square of the only measurable diameter or as an 80%
decrease in the estimated volume of the pleural effusion or

ascites. Progressive disease was defined as the appearance
of new metastases, ascites, or pleural effusion or a 25% in-
crease in the size of measurable lesions. The duration of
response was measured from the data of the first CBDCA
treatment until the time of progression.

Results

The characteristics of the 46 women who received CBDCA
are shown in Table 1. In all, 25 patients had received 1 pri-
or chemotherapy regimen, whereas 12 had received 2 prior
regimens and 9 had undergone at least 3 (range, 3-5). Of
the 46 treated patients, 41 (89%) had been previously treat-
ed with cisplatin. The mean total dose of prior cisplatin/
patient was 540 mg/m? and the mean cisplatin dose/
course was 90 mg/m% The previous chemotherapy in pa-
tients not treated with cisplatin-containing regimens in-
cluded HEXA-CAF plus CMF, HEXA-CAF, melphalan,
and melphalan and cyclophosphamide. Nine patients had
also received prior abdominal radiotherapy with a mean
total dose of 3800 rads.

The response to prior cisplatin therapy is shown in
Table 1. Of the 17 patients who relapsed following CRs to
cisplatin, 3 were unsuccessfully treated with other chemo-
therapy regimens before receiving CBDCA. Of the 11 pa-
tients who obtained PRs to cisplatin, 2 subsequently
progressed while still on cisplatin therapy. The median

Table 1. Patient characteristics

Characteristic Patients
(n)
Entered in study 46
Median age in years (range) 60 (38-85)
Performance status (WHO)
0-1 32
2-3 14
Prior radiotherapy 9
Prior chemotherapy
Cisplatin 41
Median mg/m? (range) 540 (150-1000)
Median number of months 6 (2-12)
Mean dose/course (mg/m?) 90
Number of prior regimens
1 25
2 12
=3 9
Interval between last chemotherapy
and CBDCA
<2 months 20
>2 months 26
Response to prior cisplatin
Complete response (pathologic) 13
Complete response (clinical) 4
Partial response 11
No response 12
Not available 1
Creatinine clearance
<60 ml/min 28
> 60 ml/min 18
Baseline platelet count (mm?)
100,000- 150,000 8
> 150,000 38




interval between the first dose of CBDCA and the last
chemotherapy was 4.5 months. A total of 204 courses of
CBDCA were given, with a median of 4 cycles/patient
(range, 1-17).

Toxicity

All 46 treated patients were evaluable for toxicity. The
analysis of thrombocytopenia and leukopenia refers only
to the first cycle of treatment, since subsequent courses re-
flect dose adjustments based on nadir blood counts. In ad-
dition, cumulative hematologic toxicity may occur.

In all, 18 patients had a creatinine clearance of
=60 ml/min; 16 of these received an initial dose of
400 mg/m?% Two patients received a dose of 325 and
360 mg/m? by error. Another patient was treated with
400 mg/m? despite a creatinine clearance of 56 ml/min. In
all, 17 patients were treated at 400 mg/m> There were
27 patients with a creatinine clearance of 30-60 ml/min
(median, 42; range, 32-57); their doses were calculated
according to the predictive formula and ranged from
116 to 300 mg/m? As a result of this dose calculation, four
different levels were identified for myelotoxicity analysis
(Table 2): 200, 201-299, 300399, and 400 mg/m?

We confirmed that thrombocytopenia is the dose-limit-
ing toxicity of CBDCA, with nadir platelet counts occur-
ring at a median of 21 days (range, 7—-31) and recovery, at
a median of 28 days (range, 19-48). However, we found
that CBDCA-induced thrombocytopenia was variable and
unpredictable. Of the 46 treated patients, 14 (30%) had na-
dir platelet counts of <50,000/mm?; 6 (13%) had counts
between 25,000 and 50,000/mm?, and 8 (17%) had counts of
<25,000/mm? (Fig. 1). Severe thrombocytopenia was ob-
served at all dose levels and was related to neither dose
nor baseline creatinine clearance. Of the 17 patients re-
ceiving 400 mg/m?, 6 had nadir platelet counts of
<25,000/mm?’; the creatinine clearances of these patients
were 65, 70, 70, 75, 77, and 101 ml/min (all patients had a
pretreatment platelet count of >200,000/mm?). In four of
these six patients, thrombocytopenia resulted in symptom-
atic bleeding including internal hematoma, hematemesis
and rectal bleeding, hematemesis alone, ecchymosis, and
vaginal bleeding.

Of the 27 patients for whom the predictive formula for
dose calculation was applied, 21 were analyzed; 6 were
nonevaluable due to errors in dose calculation. We com-
pared the target nadir platelet count of 75,000/mm?® with
the observed values; using this desired platelet nadir, we
considered counts of 50,000—100,000/mm’ to be within
the predicted range. Of the 21 patients, 15 (17%) had nadir

Table 2. Hematologic toxicity after the first cycle of CBDA
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Fig. 1. The actual nadir platelet count observed for each patient
according to the CBDCA dose received. The target platelet nadir
of 75,000 is represented by the horizontal line

platelet counts out of the predicted range: 10 had nadir
platelet counts of >100,000/mm*® and 5 had counts of
<50,000. Six patients had counts between 50,000 and
100,000/mm?; of these, only one had a nadir platelet count
of >75000/mm>® In the six censored patients, doses
ranged from 141 to 229 mg/m?: four received <70% of the
calculated dose (platelet nadir: 150,000, 200,000, 270,000,
and 346,000/mm?), and two had > 120% of the calculated
dose (platelet nadir: 6,000 and 60,000/mm?>).

Figure | represents the difference in percentage be-
tween the observed and expected nadir platelet counts
compared with the baseline for all patients. The reduction
in platelets was 15% greater than expected in 6 of the 21
patients for whom the formula was applied, whereas it was
15% lower than predicted in 8. For the 17 patients who re-
ceived a dose of 400 mg/m? (that is, for whom the formula
was not used), the reduction in nadir platelet counts was
15% greater than expected in 7 and 15% lower in 5.

Treatment after the first cycle produced severe throm-
bocytopenia in only 5 of 46 (11%) patients. In 2 of these 5,
further toxicity occurred in the second cycle despite ap-
propiate dose reduction; in addition 3 of 46 (7%) experi-
enced grade 3—4 thrombocytopenia after the third cycle —
in 2 of these, doses had been escalated to >400 mg/m?.

Second to thrombocytopenia, anemia was the most fre-
quently observed toxicity. A total of 23 patients (50%) re-
quired transfusions. The median decrease in hemoglobin
from the baseline was 2.1 g/100 ml. Leukopenia was also
seen and required 24 of the 204 treatment cycles to be

Dose Evaluable Median nadir Median nadir Number of patients with platelet count of’:
(mg/m?2) patients platelet count? WBC count?
(n) (range) (range) 502 252
200 12 132 (15-346) 42 (1.5-6.4) 2 (17%) 1 (8%)
=200-300 14 62 (6-271) 4.3 (2.0~7.3) 4 (28%) 1 (%)
=300-400 3 98 (35-110) 3.9 (1.6-6.1) 1 (33%) 0
400 17 63 (8-438) 3.2 (0.8-5.9) 7 (41%) 6 (35%)

a x 103/mm?3
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delayed. Five patients had nadir WBC counts of
<2,000/mm? (three at a CBDCA dose of 400 mg/m? and
one each at doses of 300—400 and 200 mg/m?).

In all, 17 patients had preexisting peripheral neuropa-
thy of median grade 2: 2 complained of increased neuro-
logical symptoms, 1 after the first cycle of CBDCA and 1
after the fifth. Nausea and vomiting was moderate in most
cases, with only seven patients experiencing intractable
vomiting. The antiemetics commonly used include loraze-
pam, diphenhydramine hydrochloride, dexamethasone,
and prochlorperazine.

Response

In all, 41 patients were evaluable for response (Table 3);
6 (15%) achieved an objective response to CBDCA: 2 (5%)
CRs and 4 (10%) PRs. One patient showed the complete
disappearance of cytologically positive ascites after the
first cycle of CBDCA; she received a total of nine cycles
and remained disease-free for another 9 months without
further treatment. Her disease recurred off therapy 17
months after the first CBDCA dose and is again respond-
ing to the drug. A second patient achieved a CR of an ab-
dominal mass measuring 5% 7 cm that was no longer de-
tectable after the third course of CBDCA; her disease re-
curred 11 months after the start of therapy while she was
still on treatment. The four PRs were observed in two pa-
tients with measurable disease in the inguinal lymph nodes
and in two with pelvic and abdominal masses. The mean
dose/cycle in responding patients was 343, 245, 185, 212,
400, and 130 mg/m? respectively, and the mean number
of cycles/patient was 10.

Five patients were nonevaluable for response due to
the absence of measurable or evaluable disease (two pa-
tients), the location of the only tumor in a previously irra-
diated area (one patient), and the presence of concomitant
stage I endometrial cancer (two patients). Of the two pa-
tients without measurable disease, one showed a decrease
in serum tumor marker CA 125 from 379 to 46 IU/ml and
is still alive 6 months after the start of treatment. The other
showed the complete disappearance of previously increas-
ing irregularities on the surface of the residual uterus as
documented by CAT scan; she is still alive 9 months after
the beginning of treatment. The disease in the patient with
the previously irradiated tumor remained stable through-
out three cycles of CBDCA, and two patients with con-
comitant endometrial cancer failed to respond. Of the
35 treatment failures, 9 patients had only ! course of
CBDCA. Four of these showed rapidly progressive dis-
ease, two were removed from study due to persistent
thrombocytopenia, one was removed due to worsening pe-
ripheral neuropathy, and two patients refused further
treatment.

Table 3. Response to CBDCA in 41 evaluable patients

Response (duration in months) Patients (n) %
Total responses 6 15
CR (11, 17) 2 5
PR(5,12+,17,18+) 4 10
No response 35 85

CR, complete response; PR, partial response

Response was also analyzed in relation to prior cis-
platin treatment: five of six (80%) patients responding to
CBDCA had previously received cisplatin, and all of them
underwent either a CR or PR. None of the 12 patients who
progressed while on prior cisplatin therapy responded to
CBDCA.

Discussion

The activity of CBDCA in refractory ovarian cancer has
previously been documented [4, 5]. However, this phase II
study contributes additional observations: (1) the efficacy
of CBDCA in patients who had been previously treated
with greater dose intensities of cisplatin (mean, 540 mg/m?
over 6 months) than in previous studies, and (2) the pro-
spective evaluation of a pharmacologically derived dosing
formula in this specific clinical setting.

Evans et al. [S] have observed 7 responses in 28 pretreat-
ed patients, 4 of whom were resistant to cisplatin. Eisen-
hauer et al. [4] have recently reported a 28% response rate
for CBDCA as a second-line therapy in ovarian cancer; of
the 12 responses, 2 were observed in patients with pro-
gressive disease while on cisplatin. We observed 6 objec-
tive responses in 41 evaluable patients (15%). This lack of
activity in cisplatin-refractory patients may be responsible
for our slightly lower response rate compared with those of
other phase II trials [4, 5]. Furthermore, no patient truly re-
sistant to cisplatin showed a response to CBDCA in our
study. This finding may be due to the fact that the majority
of our patients had been treated in accordance with our
current policy of using a medium-high dose intensity of
cisplatin (100 mg/m? per cycle for 6 months) as a first-line
treatment in ovarian cancer, which may, in turn, have se-
lected a group of patients in whom the potential of re-
sponding to platinum analogs had been tested to a major
extent. Moreover, in comparison to other trials, only 25 of
46 (54%) patients received CBDCA as therapy for first re-
currence or progressive disease. If we considered only pa-
tients receiving the drug as a second-line treatment, our re-
sponse rate would be 5 or 25, or 20%. Finally, it should be
noted that 5 of the 41 patients included in the analysis of
response could by some criteria have been considered to
be nonevaluable (treatment stopped early due to toxicity
or refusal); we consider the inability to give the drug to be
a treatment failure.

In spite of these adverse factors, CBDCA showed ac-
tivity in six of our patients, five of whom experienced dis-
ease recurrence after prior response to cisplatin. Although
we cannot exclude that a similar response could have been
achieved with the readministration of cisplatin, CBDCA’s
different spectrum of toxicity and, in particular, lack of
nephrotoxicity may make it a more suitable drug for the
treatment and long-term control of such recurrences. A
CBDCA dose of 400 mg/m? produced a nadir platelet
count of <25,000/mm?’ in 6 of 17 patients, indicating that
this regimen may not be suitable in similarly pretreated pa-
tients. Furthermore, the occurrence of severe thrombocyto-
penia at each dose level, even at very low doses, suggests
that CBDCA toxicity is highly variable in this group of pa-
tients. For better prediction of CBDCA-induced thrombo-
cytopenia and leukopenia and further assessment of con-
ditions for dose reduction, the identification of factors
such as prior radiation therapy and prior response to cis-
platin might be profitable.



Pharmacokinetic data indicate that differences in renal
drug elimination by glomerular filtration play a major role
in determining the high variability of CBDCA toxicity [2].
To determine a safe but effective dose for our patients with
impaired renal function, we used the pharmacologically
derived dosing scheme proposed by Egorin et al. [2, 3],
corrected for previously treated patients. This formula-
based dose is designed to insure the same area under the
concentration-time curve (AUC) in all patients, despite
differences in renal function, thereby predicting similar
degrees of toxicity. We observed considerable variability
in the severity of thrombocytopenia experienced by pa-
tients for whom the formula was applied. Only 6 of 21
(28%) patients had a nadir platelet count in the expected
range (between 50,000 and 100,000/mm?), whereas 5 of 21
(24%) had lower and 10 of 21 (48%), higher than predicted
nadir platelet counts.

The accuracy with which we achieved a desired nadir
platelet count is important since very low nadirs can lead
to dangerous toxicity. We calculated the percentage of
change from pretreatment platelet counts for both the ex-
pected and observed values. The difference in the percent-
age of decrease in platelet count between the expected and
observed values is presented in Fig. 2 for all patients ac-
cording to the CBDCA dose received. Although pharma-
cologic studies previously carried out in 11 of our patients
[6] confirmed glomerular filtration as the main elimination
route for CBDCA and demonstrated an inversely linear
relationship between the mean residence time and creati-
nine clearance, renal function did not seem to be the only
determinant of toxicity. These results do not exclude the
value of the predictive formula in previously nontreated
patients but document its limitation in heavily pretreated
patients with a variety of other risk factors.

Previous phase I studies have suggested other possible
co-determinants of toxicity, such as age, myelosuppression
with previous therapy, performance status, existence of a
third space, and bone metastases [1, 7]. We examined the
pretreatment characteristics of all patients to evaluate the
possible influence of these risk factors on hematologic tox-
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Fig. 2. The difference in percentage between the observed and ex-
pected decrease in platelet count for each patient. Patients receiv-
ing a dose of 400 mg/m? are also included in this analysis. The
reduction in platelets was 15% greater than expected in 6 of 21 pa-
tients for whom the formula was applied, whereas it was 15% low-
er than predicted in 8 of these patients. For the 17 patients who
received a dose of 400 mg/m?, ‘the reduction in nadir platelet
counts was 15% greater than expected in 7 patients and 15% lower
than expected in 5
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Table 4. Relative risk factors for severe CBDCA-induced throm-
bocytopenia?

Dose (mg/m?) Total (%)
<400 400
Number of patients with 7/29 7/17 14/46 (30)
severe thrombocytopenia
Number of regimens
1 4/16 3/9 7/25 (28)
>1 3/13 4/8 7/21 (33)
Prior radiotherapy
yes 4/5 4/4 8/9 (89)
no 3/24 3/13 6/37 (16)
Performance status (WHO)
0-1 2/19 6/13 8/32(25)
2-3 5/10 1/4 6/14 (43)
Age (years)
<65 4/13 6/12 10/25 (40)
=65 3/16 1/5 4/21(19)
Ascites
present 4/12 2/6 6/18 (13)
absent 3/17 5/11 8/28 (28)

a Nadir platelet count, 50 x 103/mm?

icity; these are correlated with severe CBDCA-induced
thrombocytopenia in Table 4. Although patient numbers
are not adequate for statistical analysis, we observed a
trend suggesting that prior radiation therapy enhanced
drug-related thrombocytopenia. Severe thrombocytopenia
occurred in eight of nine patients who had received prior
radiotherapy. Until a better definition of important risk
factors for CBDCA-induced myelosuppression is clari-
fied by a cumulative analysis of the large number of cases
now available, we recommend the use of a conservative
starting dose (250-300 mg/m?) in heavily pretreated pa-
tients with ovarian cancer.

We conclude that the dose of CBDCA must be modi-
fied in heavily pretreated patients with impaired renal
function. However, the toxicity can be quite variable, even
after dose adjustment for creatinine clearance. Other fac-
tors, including prior radiation therapy, should also be con-
sidered. Current predictive formulas for CBDCA dosing
do not in all cases yield accurate nadir platelet counts and
should be applied with caution. Furthermore, CBDCA is
effective in patients whose disease has progressed after a
prior response to cisplatin treatment, although no response
was observed in patients whose disease progressed during
cisplatin therapy. Adequate regimens for patients resistant
to adequate doses of cisplatin need to be developed.
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