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Abstract

Objective—The aim of this study was to determine the tolerability and efficacy of oxaliplatin in
patientswith recurrent gynecologic malignancies after carboplatin hypersensitivity reactions in
comparison with conventionally used cisplatin.

Methods—TForty-six patients were treated with platinum-based chemotherapy from 2006 to 2011
and developed hypersensitivity reactions to carboplatin. Oxaliplatin was administered to 27
patients; 19 patients received cisplatin. Clinicopathologic variables, toxicity, and time-to-failure
were analyzed retrospectively using descriptive statistics, Fisher exact, and independent sample
permutation ¢tests.

Results—The median number of carboplatin cycles and cumulative dose before reaction were
similar in the oxaliplatin and cisplatin groups, respectively (6 vs 7.5 cycles, A= 0.93; 980 [662]
mg vs 686 [579.6] mg, A= 0.49). Non-life-threatening hypersensitivity reaction to oxaliplatin
developed in 2 of 27 patients. No reactions to cisplatin occurred. The median number of
oxaliplatin/cisplatin cycles was 6 in both groups. Complete response to therapy was 34.6%
(oxaliplatin) and 31.6% (cisplatin); stable disease was seen in 50.0% and 36.8% of oxaliplatin-
and cisplatin-treated patients, respectively (P= 0.46). Exposure to oxaliplatin resulted in less
neurotoxicity than cisplatin (25.9% vs 68.4%, £=0.01). The median number of prior
chemotherapy lines in both groups was 2. The median time-to-failure was 10.8 months in
oxaliplatin group and 9.8 months in cisplatin group (P = 0.86).

Conclusions—Salvage therapy with oxaliplatin after hypersensitivity reaction to carboplatin is
associated with excellent tolerability and time-to-failure comparable to cisplatin. When further
administration of carboplatin is precluded, oxaliplatin represents a safe and effective treatment
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strategy in the platinum-sensitive relapse setting. The significantly lower neurotoxicity profile
makes it an attractive alternative to cisplatin.
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Platinum-based cytotoxic agents remain the cornerstone treatment for gynecologic cancers.
Historically, combination regimens involving cisplatin were utilized as first-line therapy for
ovarian cancer until superseded by carboplatin more than a decade ago. A more favorable
toxicity profile, including less nephrotoxicity, neurotoxicity, and emetogenic potential, along
with comparable therapeutic efficacy and convenience of outpatient administration, resulted
in its wide acceptance by oncologic community. Carboplatin/taxane combinations have
become the standard regimens in the adjuvant and neoadjuvant settings for patients with
ovarian cancer. More recent phase 3 trials have demonstrated the utility of carboplatin-based
combination regimens in endometrial and cervical cancer as well.1-2 Although their use is
associated with favorable clinical outcomes, continuation of treatment is frequently
hampered by development of late hypersensitivity reactions to carboplatin in patients with
repeated drug exposure.3->

The incidence of hypersensitivity to carboplatin typically peaks from 6 to 21 cycles;
symptoms frequently range from mild pruritus and erythroderma to anaphylaxis.3- Severe
reactions have been observed after a cumulative dose of 8000 mg.6 Markman et al3->
reported 27% of patients developing allergic reactions after the seventh cycle. Such high
rates of hypersensitivity limit further administration of carboplatin to patients with platinum-
sensitive disease.

Unlike paclitaxel reactions that are attributed to the Cremophor EL base (polyoxyethylated
castor oil), the exact mechanism of carboplatin hypersensitivity is not fully understood.”
Reactions to paclitaxel typically occur after the first or second administration.” Usually,
these can be prevented by desensitization with steroids.>7-10 Alternatively, type 1
hypersensitivity mediated by immunoglobulin E (IgE), as well as degranulation of mast
cells, is thought to be involved in carboplatin allergy.11-13 To date, desensitization with
steroids and substitution with cisplatin were described in the literature with mixed
success.1415 Although many patients may not develop hypersensitivity reaction upon
exposure to cisplatin, its cytotoxicity frequently precludes further use in heavily pretreated
patients.

The concept of oxaliplatin substitution is based on the documented activity and tolerability
of this platinum agent in advanced ovarian cancer.16:17 When used as a single agent at 100 to
130 mg/m? every 3 weeks, the objective response rates range from 16% to 26% in heavily
pretreated patients.1819 Data from a small randomized trial demonstrate that patients treated
with a combination of cyclophosphamide and oxaliplatin versus cisplatin as first-line therapy
had comparable clinical outcomes—progression-free survival (13 vs 13.3 months) and
overall survival (36 vs 25.1 months, not statistically significant).16:20 The main advantage of
oxaliplatin-based therapy was statistically significant decrease in grade 3/4
myelosuppression, nausea/vomiting, and neurotoxicity.16:20 In addition, phase 2 study of
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oxaliplatin and taxotere administered as a second-line regimen to patients with platinum-
sensitive disease also demonstrated favorable rates of neurotoxicity.16:17 Recent phase 2 trial
evaluated combination of the triple regimen involving oxaliplatin, docetaxel, and
bevacizumab showed low incidence of peripheral neuropathy and progression-free survival
(16.3 months) that is similar to the results of GOG 218 and ICON 7 trials utilizing
carboplatin.16:21.22 Granted its activity in recurrent platinum-sensitive disease and platinum-
resistant recurrence, we wanted to evaluate whether administration of oxaliplatin after
documented carboplatin hypersensitivity reaction is associated with favorable clinical
outcomes that are not inferior to its predecessors—cisplatin and carboplatin. This would
provide a viable therapeutic alternative to patients with platinum-sensitive disease who were
unable to continue further treatment due to life-threatening allergic reactions.

PATIENTS AND METHODS

After obtaining institutional review board approval at the Roswell Park Cancer Institute, we
conducted a single-institution retrospective cohort study including a total of 46 patients with
previous hypersensitivity reaction to carboplatin. Medical records of all patients from June
2006 to June 2011 were reviewed. The review focused on the documentation of systemic
manifestations of hypersensitivity reactions to carboplatin necessitating discontinuation of
this drug and switching to an alternative platinum agent (cisplatin or oxaliplatin).

During this period, we identified 46 patients who were rechallenged with either cisplatin or
oxaliplatin regimens based on insurance approval. That eliminated personal bias in selecting
1 treatment regimen over the other. Oxaliplatin was dosed at 70 mg/m? in combination
regimens and 100 mg/m? as a single agent. Cisplatin was given at 50 mg/m? in combination
regimens. All patients were treated in the outpatient setting and received appropriate
premedication with antiemetics, corticosteroids, and H1/H2 (histamine)-blockers, as per
protocol. The treatment was continued until disease progression, unacceptable toxicity, or
patient refusal. Clinical evaluation included physical examination, chemistry panel, and
complete blood count with differential before each cycle. Toxicity was assessed according to
the Eastern Cooperative Oncology Group Common Toxicity Criteria and patient self-
reporting. The initial cisplatin and oxaliplatin doses could be reduced in subsequent cycles,
or the cycles could be delayed by 1 week depending on the toxicity and attending physician
judgment. Desensitization protocols using steroids and escalating drug concentrations (serial
dilutions) were not utilized.

Radiographic imaging was used to characterize response to therapy according to the
Response Evaluation Criteria in Solid Tumors criteria. In addition, the measurement of
serum CA-125, where appropriate, was used to judge response to therapy. Time-to-treatment
failure was defined as the time from initiation of treatment to documented disease
progression, death, change of treatment due to adverse event, toxicity, or any other reason.

Patients were classified into 2 treatment groups (oxaliplatin vs cisplatin). Treatment group
associations with clinicopathologic variables, toxicity, and time-to-treatment failure were

analyzed retrospectively using the Fisher exact and the independent sample permutation ¢
tests. Categorical variables were summarized using contingency tables. Continuous data
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were summarized by means, median, range, and SD. Adjusted odds ratios (ORs) and 95%
confidence intervals were used to describe the effect of treatment (cisplatin vs oxaliplatin
[reference]) on myeloid toxicity (yes vs no [reference]), neurotoxicity (yes vs no
[reference]), and response (CR vs PD or persistent [reference]) outcomes. These estimates
were adjusted for the results of cytoreductive surgery (suboptimal vs optimal [reference]).
The 8 patients missing cytoreduction information were retained in the models using multiple
imputation methods (reference, Little RJIA, Rubin DB. Statistical Analysis With Missing
Data. 2" ed. Hoboken, NJ: John Wiley & Sons, Inc; 2002). The complete case estimates
were comparable and so were not reported. For the other toxicity outcomes, the limiting
sample size was too small to support multivariable analyses. P values less than 0.05 were
considered statistically significant with no adjustment for multiplicity. Time-to-treatment
failure was described using Kaplan-Meier methods. All analyses were obtained using SAS/
STAT software, version 9.4, copyright 2012 SAS Inc (Cary, NC).

We identified 46 patients who experienced hypersensitivity reaction to carboplatin and were
subsequently retreated with either cisplatin or oxaliplatin based on attending physician
preference and insurance approval; both groups did not differ in terms of their
clinicopathologic characteristics (Table 1).

Most patients had ovarian, fallopian, or primary peritoneal cancers (n = 39), 5 patients had
uterine cancer, and 2 patients had cervical cancer. Most patients were white (n = 44). The
mean body mass index was similar in both groups: 29.8 (oxaliplatin group) versus 27.5
(cisplatin group). Optimal debulking was achieved in 81.5% of patients who received
oxaliplatin and 58.8% of patients treated with cisplatin, respectively. As expected, serous
histology was the most prevalent type of tumor among the ovarian cancer patients: 87%
patients (oxaliplatin group) versus 93.8% patients (cisplatin group).

Before switching chemotherapy regimens, 13 of 46 patients were rechallenged with
carboplatin after desensitization with steroids but still manifested recurrent allergic reaction.
Ultimately, carboplatin was substituted with cisplatin in 19 patients (median age, 61 years;
range, 52-71 years) and 27 patients (median age, 62 years; range, 25-82 years) received
oxaliplatin.

Cisplatin was substituted for carboplatin as part of combination regimens including
cisplatin/paclitaxel, cisplatin/gemcitabine, and cisplatin/topotecan. Oxaliplatin was given as
a single agent to 3 patients; the others were treated with one of the following combinations:
oxaliplatin/gemcitabine, oxaliplatin/paclitaxel, oxaliplatin/liposomal doxorubicin, or
oxaliplatin/docetaxel.

The total cumulative doses of carboplatin administered before switching platinum agents in
both groups were similar: 980 (662) mg (oxaliplatin-treated patients) versus 686 (579.6) mg
(cisplatin-treated patients) (P = 0.49; Table 2). This corresponds to the similar median
number of carboplatin cycles: 6 (mean, 7.2) in the oxaliplatin and 7.5 (mean, 9.5) in the
cisplatin cohort, respectively (P = 0.93). Non-life-threatening hypersensitivity reactions
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including hives, flushing, transient bronchospasm, and hypotension were observed in 2
patients treated with oxaliplatin; there were no allergic reactions in those exposed to
cisplatin. Both groups received a similar number of cisplatin/oxaliplatin infusions (median,
6).

Response to therapy was assessed based on radiographic imaging and tumor marker
measurements (where indicated). Continued complete response to treatment was observed in
34.6% of oxaliplatin-treated patients and 31.6% of cisplatin-treated patients, whereas stable
disease on imaging was reported in 50.0% and 36.8% of oxaliplatin- and cisplatin-treated
patients, respectively (P = 0.46).

With regard to tolerability and toxicity of either platinum agent, we report that exposure to
oxaliplatin resulted in less neurotoxicity than cisplatin (25.9% vs 68.4%; OR, 8.51 (1.96—
36.90); P< 0.01; Table 3). Overall, both regimens were well tolerated by patients. Except for
2 cases of hypersensitivity to oxaliplatin, the most common reason for treatment
discontinuation was disease progression or remission. There were no significant differences
in myeloid toxicity in oxaliplatin group compared with cisplatin (22.2% vs 36.8%; OR, 2.16
(0.57-8.19); P=0.26). Similar trends are seen in cases of dermatologic toxicity (1 patient in
oxaliplatin group), gastrointestinal toxicity (7.4% vs 5.3%), nephrotoxicity (2 patients in
cisplatin group), or emetogenic potential between oxaliplatin and cisplatin groups,
respectively. The median number of chemotherapy regimens preceding oxaliplatin- and
cisplatin-treated groups was 2. The median time-to-treatment failure was 10.8 months in
oxaliplatin group and 9.8 months in cisplatin group (= 0.86; Fig. 1).

DISCUSSION

Platinum-based chemotherapy remains the preferred therapeutic strategy for ovarian cancer
patients with platinum-sensitive relapse. Repeated exposure to carboplatin frequently results
in life-threatening hypersensitivity reactions that can manifest minutes to days after drug
infusion and preclude its further use in salvage therapy.23 Although this is a rare occurrence
during primary therapy (about 1% of cases), nearly 8% to 44% of patients will experience an
allergic reaction during their second- or third-line treatment.*2425 Recent evidence
demonstrates lower rates of carboplatin hypersensitivity with H1 and H2 blocker
premedication—2.6% (all cancer patients) and 7.9% (ovarian cancer patients); however, the
presence of other drug allergies was found to be one of the predisposing factors for allergic
reaction to carboplatin.28 Rechallenge with carboplatin has been attempted with mixed
success; however, it is generally not recommended, as 50% of patients will go on to develop
anaphylaxis.3#14 Deaths from anaphylaxis upon reintroduction of carboplatin have been
reported by Markman even after extensive desensitization with corticosteroids.2’

Switching to an alternative platinum drug relies upon variations in antigenicity between
these different agents. Nonetheless, the possibility of cross-reactivity still remains, and cases
of subsequent cisplatin hypersensitivity have been described.1# Caiado et al?8 propose
utilization of skin testing for platin-specific IgE that recognizes different epitopes on
carboplatin and oxaliplatin or cisplatin to select patients who are likely to tolerate
retreatment with oxaliplatin after prior carboplatin sensitization. The authors suggest that
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carboplatin is less immunogenic than oxaliplatin, thus explaining why some patients tolerate
oxaliplatin without recurrent hypersensitivity reaction.28 Authors propose oxaliplatin-
specific IgE specificity and sensitivity of 75%; these results merit further evaluation in a
larger sample size, as the current analysis was based on assessment of 22 patients.28 Prior
studies demonstrated that administration of cisplatin without desensitization after
carboplatin allergy was tolerable and allowed continuation of treatment.13 Historically,
cisplatin proved to be equally efficacious to carboplatin as the first-line treatment for
patients with advanced ovarian cancer; however, its toxicity profile caused it to fall out of
favor, making carboplatin the ultimate drug of choice.29:30

Our goal was to investigate whether replacement of carboplatin with oxaliplatin or cisplatin
would lead to continued or further objective responses and tolerability that are not inferior to
carboplatin. Hypersensitivity reactions to cisplatin are not unusual in this setting either;
therefore, an alternative therapeutic regimen would be invaluable, especially for those who
reacted to both carboplatin and cisplatin.

The results of this study confirm that substitution of oxaliplatin or cisplatin for carboplatin is
a feasible solution to treating patients with carboplatin allergy and platinum-sensitive
relapse. To our knowledge, this is the first study reported in the literature comparing clinical
outcomes of patients treated with oxaliplatin and cisplatin after carboplatin hypersensitivity.

Our data demonstrate that hypersensitivity reactions typically occurred after the sixth to
ninth cycles of carboplatin. This is consistent with previous studies reporting that almost
50% of patients developed allergic reactions after the seventh to eighth cycle of
carboplatin.4.7.14

A phase 2 trial of single-agent oxaliplatin versus paclitaxel in platinum-pretreated advanced
ovarian cancer demonstrated median duration of response of 31 weeks, 16% overall
response rate, and the median time-to-treatment failure of 12 weeks in the oxaliplatin arm.18
It is noteworthy that our data reveal higher response rates (34.6%) and time-to-treatment
failure (10.8 months). One possible explanation of this phenomenon is administration of
combination chemotherapy regimens using other agents with known activity in gynecologic
cancers (eg, paclitaxel, docetaxel, gemcitabine, liposomal doxorubicin).

Our experience highlights alternative platinum rechallenge with oxaliplatin or cisplatin in
patients presensitized to carboplatin therapy. Although, clinically not inferior to carboplatin,
their objective clinical response rates still do not supersede those of carboplatin. Thus, future
research efforts need to focus on more effective treatment strategies associated with higher
secondary response rates and durable remission intervals. It is possible that a larger sample
size would demonstrate statistically significant differences in clinical responses that would
favor 1 platinum drug over the other.

We report 2 (7.4%) non-life-threatening reactions to oxaliplatin that confirm some degree of
cross-reactivity between oxaliplatin and carboplatin. None of the 19 patients treated with
cisplatin manifested recurrent hypersensitivity reaction, although cisplatin allergy has been
described. Callahan et al3 reported 15% rate of cisplatin hypersensitivity in patients who
have not received prior desensitization with steroids. When treatment options are limited to
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substituting 1 platinum analog for another versus retreating with the same drug after formal
desensitization, one has to weigh the risks of cross-reactivity among platinum agents and
poor glycemic control from repeated desensitization with high-dose corticosteroids. Prior
attempts at simplifying Markman's desensitization protocol to shorten its administration did
not decrease the rates of repeat allergic reactions.1!

The retrospective nature of this review and the small sample size are the limitations of this
study. Both groups treated with cisplatin and oxaliplatin have similar demographic and
clinicopathologic characteristics. Differences in cytoreduction status, as well as lack of
patients with cervical cancer in the oxaliplatin arm, did not significantly affect representative
groups making them comparable. Our statistical analysis accounts for these differences
among 2 cohorts.

Thus the observed response rates and time-to-treatment failure seen in oxaliplatin arm were
not exaggerated secondary to the higher number of patients with optimal debulking and lack
of patients with cervical cancer. We believe that these results are generally reflective of the
trends reported in the literature and should be applicable to general patient population with
platinum-sensitive relapse. In the future, it would be helpful to investigate whether therapy
with cisplatin or oxaliplatin results in statistically significant differences in survival and
toxicity in patients with recurrent cervical cancer.

Based on our findings, we presume that the efficacy of oxaliplatin is not inferior to cisplatin
or carboplatin. This is in accordance with historical data pointing to activity of both agents
in platinum-pretreated disease.18:30-32 |n addition, decreased incidence of peripheral sensory
neuropathy in patients exposed to oxaliplatin goes along with previously published
literature.16:20 Further characterization of the cellular and molecular mechanisms of
platinum hypersensitivity and subsequent validation in a prospective study are needed to
optimize future treatment strategies.

In summary, our experience with salvage therapy in patients with recurrent gynecologic
malignancies leads us to conclude that oxaliplatin provides clinical response rates and time-
to-treatment failure that were comparable to cisplatin traditionally used in these scenarios.
We confirmed that oxaliplatin-based combination regimens, as well as single-agent therapy,
were associated with comparable tolerability and efficacy. Although standard desensitization
protocols can still be used for patients after initial hypersensitivity reaction, we believe that
the availability of other platinum agents would broaden the arsenal of therapeutic options.
One of the main advantages of oxaliplatin over cisplatin is a significantly lower
neurotoxicity profile without compromising objective response to therapy. Neurotoxicity
may be further attenuated by dose reduction of a platinum agent, although such approach
would be less desirable as it could impact clinical outcome. Thus its administration is
favored in cases where continuation of platinum therapy is otherwise precluded by life-
threatening allergic reactions and worsening quality of life secondary to progressive
neuropathy.
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FIGURE 1.
Kaplan-Meier survival curves of time-to-treatment failure.
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Patient characteristics

TABLE 1

Oxaliplatin(n=27) Cisplatin(n=19) P
Age, y Mean 62 (12.1) 61.2 (6.4) 1.0
Median 64 (25-82) 61 (52-71)
Race White 26 18 0.42
Hispanic 0 1
Unknown 1 0
Body mass index Mean 29.8 (6.2) 27.5 (6) 0.83
Median 30.8 (19.3-41.3) 26.5 (19.3-38)
Cancer type Ovary fallopian tube, primary peritoneal 23 16 0.23
Endometrium 4 1
Cervix 0 2
Histology type Carcinosarcoma 1 0 0.52
Nonserous 4 1
Serous 20 15
Squamous cell 0 1
Unknown 2 2
Cytoreduction Optimal 22 10 0.17
Suboptimal 2 4
Unknown 3 5
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Treatment characteristics

TABLE 2

Oxaliplatin (n = 27)

Cisp latin (n = 19)

No. Patients, n (%) No. Patients, n (%) P
Retreated with carboplatin No 18 (66.7) 15 (79.0) 0.51
Yes 9(33.3) 4(21.1)
Response to therapy Complete response 9 (34.6) 6 (31.6) 0.46
Progressive disease 4 (15.4) 6 (31.4)
Persistent disease 13 (50.0) 7(36.8)
Unknown 1 0
Hypersensitivity reaction Yes 2(7.4) 0 (0) 0.5
No 25 (92.6) 19 (100)
No. carboplatin cycles before HSR Mean 7.2 9.1 0.93
Median 6 7.5
Range 1-21 1-27
SD 4.3 8
Carboplatin cumulative dose, mg Mean 1037.6 707.8 0.49
Median 980 686
Range 158-2940 73-2152
SD 662 579.6
No. platinum cycles Mean 7.6 7.3 1
Median 6 6
Range 1-21 1-22
SD 4.1 5.8
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Toxicity data

TABLE 3

Oxaliplatin Group Cisplatin Group OR for Toxicity in Cisplatin (Reference: Oxaliplatin)
No. Patients, n (%) No. Patients, n (%) P Estimate (95% Confidence Interval); P

Myeloid

Yes 6 (22.2) 7(36.8) 0.33 2.16 (0.57-8.19); 0.26

No 21 (77.8) 12 (63.2) Reference
Nephrotoxicity

Yes 0(0) 2(10.5) 0.22 N/A

No 27 (100) 17 (89.5)
Neurotoxicity

Yes 7 (25.9) 13 (68.4) 0.01 8.51 (1.96-36.90); <0.01

No 20 (74.1) 6 (31.6) Reference
Gl (oral thrush)

Yes 2(7.4) 1(5.3) 1 N/A

No 25 (92.6) 18 (94.8)
Gl (emesis)

Yes 0 0 N/A

No 27 (100) 19 (100)
Dermatologic

Yes 1(3.7) 0(0) 1 N/A

No 26 (96.3) 19 (100)

N/A, not available.
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