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Abstract

Objective—Hypersensitivity with repeated exposure to platinum agents is common and can
preclude continued treatment, even in patients with disease that remains platinum sensitive. We
sought to compare the effects of prophylactic, extended carboplatin infusion versus standard
infusion on the rate of carboplatin hypersensitivity reactions (HSRs) in women with recurrent
ovarian cancer.

Methods—This was a single-institution, randomized, non-blinded trial comparing a graded, 3-
hour extended infusion of carboplatin with a standard 30-minute infusion in patients with recurrent
ovarian cancer who were enrolled from 1/2011-4/2015. The study was designed to detect a
decrease in the HSR rate from 20% (standard infusion) to 5% (extended infusion) assuming a type
1 error of 10% and power of 80% using a one-sided test.

Results—Of 146 enrolled patients, 114 were evaluable. Fifteen (13%) had an HSR—11% (6/56)
in the extended-infusion and 16% (9/58) in the standard-infusion groups (P=0-582). Planned
treatment completion was achieved in 50 (89%) of 56 patients and 49 (84%) of 58 patients,
respectively. Of 25 patients who received single-agent carboplatin, 8 (32%) had an HSR (53% of
all patients who had an HSR [8/15]). Of 23 patients who received carboplatin with gemcitabine, 4
(17%) had an HSR (27% of all patients who had an HSR [4/15]). Of 8 patients who received
carboplatin with paclitaxel, 3 (38%) had an HSR (20% of all patients who had an HSR [3/15]).

Corresponding author: Roisin O’Cearbhaill, MD, Department of Medicine, Memorial Sloan Kettering Cancer Center, 1275 York
Avenue, New York, NY 10065, Tel. 1-646-888-4227, gynbreast@mskcc.org.

Disclosures

The authors have declared no conflicts of interest.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

LaVigne et al. Page 2
There were no HSRs with pegylated liposomal doxorubicin, the most commonly given concurrent
chemotherapy (46% of all patients).

Conclusion—A prophylactic, extended carboplatin infusion was not associated with a decreased

HSR rate. The overall low HSR rate suggests that premedication may help reduce HSRs.
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Introduction

Recurrent ovarian cancer is distinct from most solid tumors in that it often retains sensitivity
to platinum chemotherapeutic agents over multiple relapses [1]. An important prognostic
factor in recurrent ovarian cancer is platinum sensitivity, which is defined as relapse 6 or
more months from the date of last platinum treatment [2]. Patients with recurrent platinum-
sensitive ovarian cancer are usually retreated with carboplatin in combination with a taxane,
gemcitabine or liposomal doxorubicin, or as a single agent [3-5]. The risk of carboplatin
hypersensitivity reaction (HSR) increases with repeated exposure to carboplatin [6, 7]. The
reported rates of carboplatin HSR range from 12% to 44% [6, 8-12]. Clinical manifestations
are variable and usually require treatment with antihistamines, corticosteroids, and in severe
cases, epinephrine [13, 14]. There have been reported deaths associated with carboplatin
HSRs, despite aggressive resuscitative efforts [15]. The sudden development of a carboplatin
HSR is particularly distressing for patients whose cancer remains platinum sensitive. Select
patients who experience carboplatin HSRs may undergo retreatment with carboplatin using
desensitization schedules, but these are complex and burdensome regimens, and
breakthrough HSRs are common [16—20]. Moreover, these prolonged desensitization
schedules must be maintained with each dose and are often not available outside larger
treatment centers, precluding platinum retreatment for many patients.

We hypothesized that an abbreviated desensitization schedule, administered preventatively in
the form of a graded-challenge, 3-hour infusion of carboplatin might reduce the incidence of
initial HSRs, facilitating the successful administration of this critical ovarian cancer
chemotherapy. Findings from a large retrospective review of 707 patients with ovarian
cancer who had undergone platinum retreatment showed that the use of an extended
carboplatin infusion, compared with standard infusion, was associated with a statistically
significant reduction in the rate of HSRs (3% vs. 21%, respectively [21]. Similar results
were seen in another retrospective study of 326 patients, with an HSR rate of 40% in the
standard-infusion arm and 24% in the 3-hour extended-infusion arm [9]. On regression
analysis, receiving a triple premedication regimen of a corticosteroid, an antihistamine, and
an H2 antagonist prior to carboplatin treatment was the only variable significantly associated
with fewer HSRs.

To determine the role of a prophylactic, extended infusion of carboplatin to reduce the
incidence of HSRs, we conducted a prospective randomized clinical trial that compared an
extended infusion with a standard infusion of carboplatin. The primary objective of this
study was to determine whether the prophylactic use of an extended infusion was associated
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with a clinically meaningful lower rate of HSRs compared with the standard 30-minute

schedule.

Study Design and Participants

Procedures

Eligible patients included women with histologically confirmed ovarian, fallopian tube, or
primary peritoneal carcinoma who had received at least one prior platinum-containing
regimen. Participants were required to have a Karnofsky Performance Status of = 70% and
adequate hematologic, hepatic, and renal function. Exclusion criteria included a history of
platinum HSR, uncontrolled concurrent illness, a life expectancy of less than 12 weeks,
pregnancy or lactation, or receipt of another investigational agent. All study patients had
previously received at least 6 cycles of a platinum-containing regimen. The full list of
inclusion and exclusion criteria are provided in the appendix. Demographic information is
shown in Table 1.

The trial was conducted in accordance with the provisions of the Declaration of Helsinki and
Good Clinical Practice guidelines. The protocol was approved by our institutional review
board, and the trial was registered with ClinicalTrials.gov (NCT01248962). The study was
closed and the database locked on October 20, 2017. This was a single-institution,
randomized, non-blinded trial comparing a graded, extended (3-hour) infusion of carboplatin
(extended arm) with a standard (30-minute) infusion (standard arm) in women with recurrent
ovarian, fallopian tube, or primary peritoneal cancer slated for treatment with a carboplatin-
containing chemotherapy regimen.

All patients in both arms received identical chemotherapy premedications: montelukast 10
mg once daily for 3 days prior, dexamethasone 20 mg the night before and day of the
carboplatin infusion, and either ranitidine 50 mg 1V or famotidine 20 mg IV before the
carboplatin infusion (Table 2). Patients also received diphenhydramine 50 mg IV prior to the
infusion. If a patient was unable to tolerate diphenhydramine 50 mg IV, she was given a
reduced dose of 25 mg IV or hydroxyzine 25 mg orally. Previously published data have
shown that the incidence of HSRs can be reduced with the administration of premedication
[22, 23], and therefore all patients on the study received premedication as per our standard.
At the treating physician’s discretion, patients received carboplatin alone or in combination
with pegylated liposomal doxorubicin, paclitaxel, gemcitabine +/- bevacizumab, or
bevacizumab. The dosing of these agents was based on institutional guidelines, with a plan
for 5 to 8 cycles.

Patients on the extended arm were treated per a graded protocol (Table 2). The initial
infusion contained 10% of the total carboplatin dose in 100 mL of D5W. Ten mL (1% of the
total dose) was infused during the first hour. If there was no evidence of an HSR, the
remaining 90 mL (9% of the total dose) was infused over the second hour. If tolerated, the
second infusion containing 90% of the total dose in 250 mL of D5W was infused over the
third hour (Table 2). Patients on the standard arm were treated per institutional guidelines:
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100% of the carboplatin dose was administered in 250 mL of D5W over 30 minutes. Per
protocol, patients who experienced an HSR of grade 1 or 2 on the standard arm were
permitted to crossover to the extended arm at the discretion of the treating physician.

An HSR was defined as any allergic or anaphylactic reaction, regardless of grade, deemed
unlikely, possibly, potentially, or definitely attributed to the carboplatin. HSRs were graded
using the National Cancer Institute’s Common Terminology Criteria for Adverse Events
(NCI-CTCAE; version 4.0). All patients with an HSR were evaluated by a treating physician
and managed according to standard institutional practice. Patients underwent standard
clinical, laboratory, and toxicity evaluations prior to day 1 of every cycle. Criteria for
removal from the study included substantial non-compliance with the requirements of the
study, treatment delay of more than 30 days, the development of an intercurrent illness or
situation that would affect assessments of clinical status and study endpoints to a significant
degree, progression of disease, or the development of a grade 3 or 4 HSR. Patients were
instructed on the premedication regimen at study entry and throughout the study.
Premedication compliance was evaluated through patient diaries, which were reviewed at the
start of each cycle.

The primary objective of the study was to determine the rate of HSRs in each group. The
secondary endpoint was to determine the rate of planned treatment completion of
carboplatin in each group. Exploratory endpoints were to determine the correlation, if any,
between HSR and patient history of atopy, food allergies, drug allergies, number of prior
platinum regimens, and the duration of time since the last platinum and concomitant
chemotherapy agent. Patients were considered evaluable for the study endpoint if they had
an HSR during any cycle or if they completed at least 5 cycles of carboplatin-based
chemotherapy.

Randomization and Masking

Patients were randomized to receive an extended or standard infusion of carboplatin ina 1:1
manner. Randomization was accomplished by the method of random permuted block.
Patients were stratified based on concurrent taxane treatment, as prior data had shown an
increased rate of carboplatin HSR with taxane-containing doublets [8]. We anticipated
approximately 5-10% of patients would receive a concomitant taxane. The second
stratification factor was based on previous carboplatin exposure.

Statistical Analysis

We anticipated that 80% of the patients enrolled on this study would receive their second
platinum-based regimen and 20% their third or greater platinum line of treatment. We
determined that 114 patients would be required in order to show a decrease in the HSR rate
from 20% to 5%, assuming a type 1 error of 10% and a power of 80% using a one-sided test.
We employed continuous significant testing with a significance level of 12% to monitor the
HSR rate within each arm separately, and we defined stopping boundaries for an
unacceptable rate of HSR. The stopping boundary was set at > 23%. Fischer’s exact test was
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used to analyze categorical values. Univariate logistic regression was performed in the
exploratory analysis of the relationship of baseline variables to the HSR rate.

Of the 146 patients who were enrolled on the study between 1/2011 and 4/2015, 114 (78%)
were evaluable for the primary study endpoint. Of the patients who were not evaluable, 25
had progression of disease prior to receiving 5 cycles of carboplatin-based treatment, 2
withdrew consent, 2 had a complete response prior to 5 cycles, leading to cessation of
treatment, and 3 were taken off of the study at their treating physician’s discretion (Figure
1). The median age of the participants was 60 years (range, 35-79), and the majority were
white (88%) and had a diagnosis of a high-grade serous malignancy (97%). Demographic
data are summarized in Table 1. The majority of patients (71%) had been treated with one
prior platinum-based regimen. Among the remaining patients, 25% had 2, 2% had 3, and 3%
had 4 prior lines of platinum-based treatment. These percentages were similar between the
two arms.

The carboplatin doublets used were liposomal doxorubicin (46%, m/=52), gemcitabine (20%,
nm=23), gemcitabine plus bevacizumab (4%, /7=4), paclitaxel (7%, 7=8), and bevacizumab
(2%, n=2). Twenty-five patients (22%) received single-agent carboplatin.

Among the 114 evaluable patients, 15 (13%) experienced an HSR—6 (11%) of 56 patients
in the extended-infusion group and 9 (16%) of 58 in the standard-infusion group (P=0.582).
HSR onset most frequently occurred during cycle 2 (7=5, 33%) but was observed as late as
cycle 6 (Table 3). The completion of planned carboplatin-based treatment was achieved in
89% (50/56) of the patients in the extended-infusion arm and 84% (49/58) in the standard-
infusion arm. Two of the 9 patients in the standard arm who experienced an HSR crossed
over to the extended-infusion arm and completed therapy without an HSR recurrence.

The overall premedication compliance rate was 72%. The premedication compliance rate
was 77% (43/56) in the extended-infusion arm and 67% (39/58) in the standard-infusion
arm. The rate was 80% (12/15) in the HSR group and 71% (70/99) in the remaining patients.

HSR events most frequently occurred in patients treated with single-agent carboplatin.
Twenty-five patients received single-agent carboplatin, of whom 8 experienced an HSR
(32%), representing 53% of all of the patients who experienced an HSR (8/15). Twenty-
three patients received carboplatin with gemcitabine, of whom 4 experienced an HSR (15%),
representing 27% of all of the patients who experienced an HSR (4/15). Eight patients
received carboplatin with paclitaxel, of whom 3 experienced an HSR (38%), representing
20% of all of the patients who experienced an HSR (3/15). There were no HSRs among
patients treated with pegylated liposomal doxorubicin, despite this being the most
commonly given concurrent chemotherapy (46% of all patients). There were no HSRs
among patients treated with bevacizumab either when given with carboplatin alone or in
triplet therapy with gemcitabine (Table 4). Univariate logistic regression was performed as
part of the exploratory analyses looking at the association of baseline variables with HSR.
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There was no association with number of prior platinum regimens, platinum-free interval,
history of drug allergies, history of food allergies, or history of atopy (Table 5).

Discussion

In this randomized controlled trial, a prophylactic, extended infusion of carboplatin was not
associated with a decreased HSR rate in patients undergoing treatment for recurrent ovarian
cancer. This is the first randomized, prospective trial evaluating the prophylactic use of an
extended-infusion carboplatin regimen to reduce the incidence of HSRs. An important
finding of this study is the overall low HSR rate (13%), which is lower than many reported
rates in the literature [6, 8, 9]. One possible reason for this low rate could be the high use of
liposomal doxorubicin and carboplatin, which is associated with a lower rate of HSR.
Another possible reason may be that all of the patients in our study received a standard
premedication regimen that included a leukotriene antagonist. Previously published data
have shown that the incidence of HSRs can be reduced with the administration of
premedication [22, 23], and therefore all patients on the study received premedication as per
our standard. While the extended carboplatin infusion was not associated with a lower HSR
rate, it is possible that the observed low HSR rate was due to the standardized premedication
regimen and the relatively good patient compliance with at-home premedications before
chemotherapy administration. Since all patients received premedications, the contribution of
the premedication cannot be fully assessed in this study. While the extended carboplatin
infusion was not associated with a lower HSR rate, it is possible that the observed low HSR
rate was due to the standardized premedication regimen and the relatively good patient
compliance with at-home premedications before chemotherapy administration. In a study by
Lax et al. [8], in which a 40% HSR rate was observed among 15 patients treated on an
extended-infusion protocol, patients received similar premedications immediately prior to
chemotherapy, but they did not receive any home premedications. In a study by Pasternak et
al. [9], the use of premedications, which were similar to those used in our study (triple
therapy with H2 antagonist, corticosteroid, and antihistamine), was associated with a lower
rate of HSRs, with an odds ratio of 0.59 (95% CI, 0.36-0.97). As all of our patients received
premedication, this limits our ability to ascertain the contribution of home premedications on
the low HSR rate observed. However, the findings reported by Pasternak et al., along with
the results of our study, suggest that the use of a home premedication regimen could help
reduce the rate of carboplatin HSRs. Ensuring compliance with home medications was a
challenge in our study; however, the use and careful review of a patient pill diary helped
with adherence.

The rate of carboplatin HSRs in our standard arm was lower than anticipated. Based on our
retrospective study, we had powered our prospective trial for a 20% HSR rate in the standard
arm, but the actual rate was 15% [21]. Therefore, it is possible that our study was
underpowered to show a difference between the arms.

Prior studies have shown an association between baseline variables such as number of prior
platinum regimens, platinum-free interval, history of drug or food allergies, and history of
atopy [7, 24-27] with an increased risk of HSR. Our exploratory analysis did not show a
correlation between HSR rate and these baseline variables. The analysis may have been
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limited by the overall very low number of HSRs observed, with only 15 patients for HSR
analysis. Previous data have shown higher rates of HSR with taxanes compared to liposomal
doxorubicin-containing carboplatin doublets, as was seen in our study [11, 28, 29]. We saw a
trend towards a higher rate of HSRs with single-agent carboplatin, gemcitabine, and
paclitaxel. There were no carboplatin HSRs with pegylated liposomal doxorubicin or in
bevacizumab-containing regimens. The mechanism of carboplatin hypersensitivity is not
fully understood, but it appears to be a type 1 immunoglobulin E-mediated reaction.
Previous data have suggested that the pegylation may lower the immunologic response by
the masking of antigenic sites, and the encapsulated doxorubicin may selectively damage T-
cells responsible for the accelerated blood clearance phenomenon that is seen in the
immediate immune response [11]. The mechanism for decreased HSR with bevacizumab is
not known. Approximately half of the patients evaluated received pegylated doxorubicin,
and given its protective effect, this may limit the applicability of the results to other
regimens and may also contribute to the overall low HSR rate seen.

Data from our study show that a prophylactic, graded, extended infusion of carboplatin,
compared with a shorter, standard infusion, is not associated with a reduced rate of HSRs
among patients with no history of carboplatin allergy. The study was not designed to address
the potential utility of graded, extended carboplatin for patients with a history of prior
carboplatin HSRs. For patients with confirmed prior carboplatin HSRs, many institutions
have introduced a 12-step chemotherapy desensitization protocol for use in appropriately
selected patients [19].

The overall low rate of carboplatin HSRs observed in this study is encouraging and suggests
that a robust premedication regimen that incorporates at-home leukotriene plus
dexamethasone followed by immediate premedication with H1 and H2 blockers may help to
reduce the rates of this potentially life-threatening and treatment-limiting side effect of
carboplatin therapy.
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Enrolled= 146

Randomized=146

Allocated to standard infusion arm (n=74)
Received allocated intervention (n=72)
Did not receive allocated intervention (n=2)
1 withdrew consent prior to first treatment
1 had premed reaction prior to first treatment

Allocated to extended infusion arm (n=72)
Received allocated intervention (n=70)
Did not receive allocated intervention (n=2)
1 withdrew consent prior to first treatment

1 had premed reaction prior to first treatment

Analyzed for endpoint (n=58)
Excluded from analysis (n=14)
1 did not receive 5 cycles due to cytopenia
1 had complete response after 4 cycles
12 had POD prior to 5 cycles

Analyzed for endpoint (n=56)
Excluded from analysis (n=16)
1 had complete response after 3 cycles
13 had POD prior to 5 cycles

Figurel.
Consort Diagram

POD, progression of disease
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Table 1

Patient demographics by carboplatin infusion type

Patient Demographics

Extended I nfusion (n=56)

Standard Infusion (n=58)

Median age, years (range)

61 (35-79)

61 years (41-78)

FIGO stage at diagnosis, n (%)

lorll 3 (5%) 5 (9%)

1" 42 (75%) 32 (55%)

v 11 (19%) 21 (36%)
Karnofsky Performance Score, median (range) | 90 (70-100) 90 (70-100)
Race, n (%)

White 49 (88%) 52 (90%)

Asian 3 (5%) 1 (1.5%)

Black/African American 4 (7%) 1(1.5%)

Other 0 (0%) 4 (7%)
Histologic subtype, n (%)

High-grade serous 54 (96%) 53 (91%)

Carcinosarcoma 0 (0%) 1 (2%)

Endometrioid 0 (0% 2 (3%)

Clear cell 2 (4%) 0 (0%)

L ow-grade serous 0 (0%) 2 (4%)
Concomitant regimen

Single-agent carboplatin 13 (23%) 12 (20%)

Gemcitabine 12 (21%) 11 (19%)

Gemcitabine plus bevacizumab 2 (4%) 2 (3%)

Pegylated liposomal doxorubicin 25 (45%) 27 (47%)

Paclitaxel 3 (5%) 5 (9%)

Bevacizumab 1 (2%) 1 (2%)
Number of prior platinum regimens

1 39 (70%) 42 (72%)

2 16 (29%) 12 (22%)

3 0 (0%) 2 (3%)

4 1 (1%) 2 (3%)

FIGO, International Federation of Gynecology and Obstetrics
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Table 2

Carboplatin premedication and extended-infusion schedules

Carboplatin Premedication Schedule

Day

Premedication drug

Three days prior to carboplatin

Montelukast 10 mg orally

Night before and day of carboplatin

Dexamethasone 20 mg orally

Day of carboplatin, prior to infusion

Diphenhydramine 50 mg 1V

Ranitidine 50 mg IV or Famotidine 20 mg IV

Extended-Infusion Carboplatin Schedule

Infusion time Per centage of carboplatin infused
1%t hour 1%

2 hour 9%

3" hour 90%

Total: 3-hour infusion 100%
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Characteristics associated with carboplatin hypersensitivity reactions by infusion type

Table 3

Extended Infusion (n=6)

Standard Infusion (n=9)

HSR Grade n (%) n (%)
1 2(33) 2(22)
2 3 (50) 7(78)
3 1(17) 0(0)
4 0 (0) 0(0)
Symptoms/Signs

Flushing/rash 6 (100) 9 (100)
Chest tightness 0 (0) 2(22)
Pruritus 2(33) 5 (56)
Orofacial edema 0(0) 1(11)
Burning sensation | 1 (17) 1(11)
Nausea 3(50) 0(0)
Abdominal pain 1(17) 0 (0)
Back pain 1(17) 0(0)
Hospitalized 0 (0) 0 (0)
HSR by Cycle

1 1(17) 0(0)
2 3 (50) 2(22)
3 1(17) 2(22)
4 0(0) 3(33)
5 0(0) 1(11)
6 1(17) 1(11)

HSR, hypersensitivity reaction
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Table 4

Page 14

Concurrent chemotherapy by carboplatin infusion type and occurrence of a hypersensitivity reaction

Concurrent Chemotherapy/Biologic Agent | Extended Infusion (n=56) | Standard Infusion (n=58) | Overall (n=114) | HSR (n=15)
with Carboplatin

Carboplatin single agent 13 (23%) 12 (21) 25 (22%) 8 (53%)
Bevacizumab 1 (2%) 1 (2%) 2 (2%) 0 (0%)
Gemcitabine 12 (21%) 11 (19%) 23 (20%) 4(27%)
Gemcitabine/bevacizumab 2 (4%) 2 (3%) 4 (4%) 0 (0%)
Liposomal doxorubicin 25 (45%) 27 (47%) 52 (46%) 0 (0%)
Paclitaxel 3 (5%) 5 (9%) 8 (7%) 3 (20%)

HSR, hypersensitivity reaction
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Relationship of baseline variables to the rate of carboplatin hypersensitivity reactions

Table 5

Variable

OR | %B%Cl | P

Number of prior platinum-based regimens (>2vs1) | 25 | 0.8-75 | 0.1

Prior cisplatin regimen

15 | 0544 | 05

Platinum-free interval

1 0.96-1 0.6

History of drug allergies

08 | 0.3-24 | 0.7

History of food allergies

22 | 05-9.2 0.3

History of atopy

2 0.6-58 | 0.2
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