
Abstract. Background/Aim: Hypersensitivity reactions
(HSRs) to carboplatin, a key drug for ovarian cancer
patients, are problematic. The aim of this study was to
evaluate the efficacy and safety of readministration of
platinum agents (PTs) in recurrent ovarian cancer patients
who developed HSRs to carboplatin. Patients and Methods:
Thirty-one patients with recurrent ovarian cancer who
developed HSRs to carboplatin were divided into those who
continued to receive PTs in the following cycle (continuation
group, n=24) and those in whom either the drug was
switched to non-platinum agents (non-PTs) or chemotherapy
was ended (discontinuation group, n=7). Outcomes were
evaluated based on patients’ medical records. Results: The
median survival time following HSRs was 28.1 and 15.4
months in the continuation and discontinuation groups,
respectively (p=0.018). In the continuation group, a total of
155 cycles of PTs were re-administrated, and 50 cycles
(32%) led to recurrent HSRs. There were no recurrent HSRs
with a severity of grade 3 or greater. Conclusion:
Continuation of PTs in ovarian cancer patients may
contribute to improvement in their overall survival without
severe recurrent HSRs. 

An estimated 295,000 patients developed ovarian cancer in
2018, with the disease ranking 8th among female cancers
and accounting for about 3.4% of all cancers world-wide.

The number of deaths from ovarian cancer is estimated to be
185,000, which makes the disease the 8th leading cause of
cancer-related death and indicates a generally poor prognosis
(1). Platinum-based drugs are the most effective agents for
patients with ovarian cancer when the primary lesion is
located in the ovarian epithelium, fallopian tube, or
peritoneum. Over the past two decades, cyto-reductive
surgery followed by combination chemotherapy with
platinum agents (PTs) and taxanes has become the gold
standard of treatment for ovarian cancer (2, 3).

About 70% of patients with advanced ovarian cancer
respond to chemotherapy with a PT, but recurrence is seen
in most patients. Following recurrence, chemotherapy
regimens, including PTs, are mainly used with the aim of
prolonging life, provided that the patient is sensitive to these
agents (4). Carboplatin is most widely used agent because of
its low toxicity and ease of administration. However, the
development of hypersensitivity reactions (HSRs), which
include symptoms such as rushes, itching and sometimes
breathing difficulties, are problematic (5, 6). Moreover, it is
said that the incidence of these reactions increases from a
small amount to more than 15% when more than 6 cycles are
administered (7). Since the median number of cycles at the
initial HSR (iHSR) ranges from 6-8, HSRs mainly develop
after second-line treatment following recurrence in many
cases. Once an HSR to carboplatin develops, it recurs in
many cases despite the use of preventive measures, such as
premedication (6, 8, 9). Thus, treatment with PTs is
abandoned in many cases, despite the fact that these agents
are key therapeutic drugs. This phenomenon could
potentially have a severe negative impact for recurrent
ovarian cancer patients with poor prognosis.

Readministration of carboplatin following the
development of an HSR requires increased dose of anti-
inflammatory medication or desensitization using multistep
dilution or extended infusion (10-12). A switch to PTs, such
as cisplatin and nedaplatin has also been examined (7, 13).
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In this setting, however, it is unclear whether continuation of
PTs post iHSR has a greater effect on prognosis compared
to withdrawal of these agents. Therefore, the goal of this
study was to investigate the efficacy and safety of
readministration of PTs in patients with ovarian cancer
following the development of an iHSR to carboplatin, using
a retrospective review of medical records.

Patients and Methods

Subjects. Of 530 patients who were histo-pathologically diagnosed
with ovarian cancer with the primary lesion in the ovarian
epithelium, fallopian tube, or peritoneum at our four related facilities
between 2008-2012, recurrent ovarian cancer patients who developed
iHSRs to carboplatin during second-line or more chemotherapy were
retrospectively evaluated based on their medical records. Eligible
patients were regarded as platinum-sensitive and were scheduled to
continue to receive platinum-based chemotherapy at the time of
iHSRs. Patients with platinum-sensitive recurrence who received
platinum agents with second-line regimens or additional
chemotherapies following first-line treatment with a carboplatin and
paclitaxel were included. Patients who developed iHSR to
carboplatin during the first-line chemotherapy as an initial treatment
were excluded. Patients who had reason to discontinue platinum-
based chemotherapy at the occurrence of iHSRs, such as disease
progression, were also excluded. Eligible patients were divided into
two groups based on the treatment course after development of
iHSR: i) those who received regimens with PTs in the following
cycle (continuation group), and ii) those for whom the treatment was
switched to regimens with non-platinum agents (non-PTs) in the
following cycle or chemotherapy was ended (discontinuation group).
PTs included: i) carboplatin, ii) cisplatin, and iii) nedaplatin. Non-
PTs included all chemotherapeutic agents except PTs. Regardless of
the regimen contents, each cycle administration, including PTs, was
counted for the numbers of cycles of PTs and each cycle
administration without PTs was counted for the numbers of cycles
of non-PTs (Figure 1). Patients’ background, timing and severity of
iHSRs, chemotherapies after iHSRs, and overall survival (OS) were
investigated. The course of the continuation group was analyzed
based on preventive measures and outcomes in readministration of
PTs following the development of iHSRs. 

Criteria for HSRs to carboplatin. HSRs were defined as allergic
reactions that included rash, itching, facial flush, chest tightness,
breath difficulty, emesis, abdominal pain, diarrhea, hypotension,
hypertension, tachycardia and bradycardia. HSRs caused during or
at the end of the carboplatin infusion were included. HSRs caused
during infusion of other agents or after a few hours from carboplatin
infusion were excluded because they were possibly irrelevant to
carboplatin.

Severity of HSRs. The reaction severity was evaluated using the
allergic reaction category of the Common Terminology Criteria for
Adverse Events (CTCAE ) ver. 4.0 (13): i) grade 1 (G1): transient
flushing or rash, drug fever <38˚C (<100.4˚F), intervention not
indicated; ii) grade 2 (G2): intervention or infusion interruption
indicated, responds promptly to symptomatic treatment,
prophylactic medication indicated for ≤24 hours; iii) grade 3 (G3):
prolonged, recurrence of symptoms following initial improvement,

hospitalization indicated for clinical sequelae; iv) grade 4 (G4): life-
threatening consequences, urgent intervention indicated; and v)
grade 5 (G5): death.

Statistical analyses. OS was defined as the time from iHSR until
death as a result of any cause, and patients alive at the time of the
analysis were censored at the date of last contact. To identify
independent prognostic factors, known prognostic factors and
factors affecting the administration of PTs after iHSR were
analyzed.

Continuous variables were analyzed using the unpaired Student’s
t-test or Mann-Whitney U-test. Categorical variables were analyzed
using the Fisher’s exact test. OS was evaluated using the
Kaplan–Meier method and compared by log-rank test. Prognostic
factors were analyzed using the Cox proportional hazard regression
model (multivariate analysis). Values of p<0.05 (two-sided) were
regarded as significant in all analyses. All calculations were
performed using the statistics software R, version 3.5.1.

Results

Thirty-one patients who developed HSRs to carboplatin were
included. The continuation and discontinuation groups
included 24 and 7 patients, respectively. The treatment
course following the development of iHSRs in the
discontinuation group was switching to non-PT-based
chemotherapy. One patient never restarted any PTs, and
discontinuation of all chemotherapy occurred in one other
patient only. The other 5 patients in the discontinuation
group restarted PTs after several cycles with non-PTs
because they developed disease progression during the use
of non-PTs. The median follow-up was 24.1 months
(range=1.7-71.6) for patients with censored data. At that
time, 27 patients were dead and 4 patients were alive with
disease. All 4 patients who were alive during the final
follow-up were from the continuation group. 

Patient characteristics. The patients’ characteristics in the
continuation and discontinuation groups are shown in Table
I. The median number of carboplatin cycles at iHSR that was
summed from the first cycle of first-line chemotherapy to the
cycle of iHSR were 10 (range=7-17) in the continuation
group and 12 (range=9-16) in the discontinuation group. The
severity of the allergic reaction was G1 in 8 (33%) and 0
(0%), and G2 in 16 (67%) and 7 (100%) cases, respectively.
No reaction of G3 or greater occurred in either group. The
patients’ backgrounds and demographic characteristics were
not significantly different between two groups.

Treatment administration after iHSR. Chemotherapy regimens
following iHSRs are shown in Table II. The median number
of cycles of PTs after iHSRs were 6.5 (range=1-19) and 3.0
(range=0-7) in the continuation group and the discontinuation
group, respectively. As expected, the median number of
cycles of PTs was significantly higher in the continuation
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group (p=0.048). The median number of cycles of non-PTs
and total cycles of chemotherapy agents following iHSRs,
which were calculated by the addition of PTs and the non-

PTs, were not significantly different between the two groups.
The median number of regimens with PTs following iHSRs
were 2 (range=1-4) and 1 (range=0-2) in the continuation
group and the discontinuation group, respectively, with a
significantly higher number of regimens in the continuation
group (p=0.009). The median number of regimens with non-
PTs and total regimens were not significantly different
between two groups. 

Overall survival in two groups. OS was significantly longer
in the continuation group compared to the discontinuation
group. Median OS was 28.1 months [95% confidence
interval (CI)=20.2-43.6] in the continuation group and 15.4
months (95%CI=1.7-27.5) in the discontinuation group
(p=0.018) (Figure 2). Multivariate analysis was performed
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Table I. Patient characteristics. 

                                              Continuation     Discontinuation    p-Value
                                                     group                    group
                                                   (n=24)                   (n=7)                  

Age (y) , mean±SD                     58±10                    55±9               0.45
FIGO Stage (%)                                                                            0.33
   I                                                   1(4)                      0 (0)                   
   II                                                 1 (4)                     0 (0)                   
   III                                             19 (79)                  4 (57)                  
   IV                                              3 (13)                   3 (43)                  
Histologic type (%)                                                                       0.27
   Serous                                      15 (63)                  3 (43)                  
   Endometrioid                            3 (13)                   1 (14)                  
   Clear cell                                   3 (13)                    0 (0)                   
   Mucinous                                   1 (4)                     0 (0)                   
   Others                                         2 (8)                    3 (43)                  
Carboplatin cycles at 
iHSR, median (range)             10 (7-17)              12 (9-16)            0.28

Time to iHSR (months), 
median (range)                   26.8 (14.5-63.9)   25.5 (18.9-44.9)      0.83

Chemotherapy at the 
time of iHSR (%)                                                                           1

   Second line                              21 (88)                  6 (86)                  
   Third line                                  3 (13)                   1 (14)                  
Severity of iHSR (%)                                                                    0.15
   G1                                             8 (33)                    0 (0)                   
   G2                                            16 (67)                 7 (100)                 
   G3-G5                                        0 (0)                     0 (0)                   

SD: Standard deviation; FIGO: International Federation of Gynecology
and Obstetrics; iHSR: initial hypersensitivity reaction; G1-G5: grade
scale of the allergic reaction category of the Common Terminology
Criteria for Adverse Events (CTCAE ver4.0).

Figure 1. Models in the continuation and the discontinuation groups. PTs: Platinum agents that consist of carboplatin, cisplatin and nedaplatin;
non-PTs: all chemotherapeutic agents except PTs; C: one cycle of carboplatin administration; P: one cycle of a PT administration; N: one cycle of
a non-PT administration; Dots: progression free interval; HSR: hypersensitivity reaction; iHSR: initial hypersensitivity reaction.

Table II. Treatment administration following iHSR.

                                               Continuation     Discontinuation    p-Value
                                                     group                    group
                                                   (n=24)                   (n=7)                  

No. of cycles, 
median (range)                                                                             

   PTs                                         6.5 (1-19)              3.0 (0-7)           0.048
   Non-PTs                                 5.5 (0-23)             6.0 (0-11)          0.6
   Total                                       10 (2-32)               9 (0-18)           0.55
No. of regimens,
median (range)                                                                                  

   PTs                                            2 (1-4)                  1 (0-2)            0.009
   Non-PTs                                   1 (0-4)                  1 (0-3)            0.64
   Total                                         3 (1-4)                  2 (0-4)            0.13

iHSRs: Initial hypersensitivity reactions; PTs: platinum agents that
consist of carboplatin, cisplatin and nedaplatin; non-PTs: all
chemotherapeutic agents except PTs.



using age (≤50 versus >50), histologic type (serous versus
others), and continued administration of PTs after iHSR as
prognostic variables. Stage was excluded from prognostic
variables as nearly all patients (29 of 31) included in the
study represented FIGO stage III/IV (Table I). In the
multivariate analysis, after adjusting for the prognostic
variables, continuous administration of PTs following iHSR
was associated with a significantly better OS (Hazard
Ratio=0.33, 95%CI=0.13-0.84, p=0.02) (Table III).

Readministration of platinum agents in the continuation
group. The method of readministration of platinum agents in
the continuation group following the development of iHSR
to carboplatin is shown in Table IV. In the continuation
group, of the total number of 155 cycles of PTs re-
administered, 50 cycles (32%) led to recurrent HSRs. The
severity of the allergic reaction was G1 in 23, and G2 in 27
cycles. No reaction of G3 or greater occurred in any
recurrent HSR case. The median number of recurrent HSRs
following iHSRs was 1 (range=0-7) per patient.
Readministration was performed after hospitalization in 89%
of these cycles. One hundred nineteen cycles were re-
administered with extra preventive measures, including
doubling of the administration time in 7 cycles, increased
dose of anti-inflammatory medication in 53 cycles, or both
being performed in 59 cycles. Despite the extra preventive
measures, 43 cycles (36%) led to recurrent HSR.
Carboplatin, cisplatin and nedaplatin were readministered in
124, 13 and 18 cycles, respectively. All recurrent reactions
were in response to carboplatin, while there were no
reactions to cisplatin or nedaplatin.

Discussion
The results of this study suggest that continuous administration
of PTs may improve OS compared to discontinuation of PTs in
patients with recurrent ovarian cancer who develop HSRs to
carboplatin. We attribute the extension of OS in the continuation
group to the greater number of cycles of PTs administered
following iHSRs compared to the discontinuation group. Until
now, only strategies investigating the methods for
readministration of PTs have been reported. The findings of this
study are the first to support the assumption that continuation
of PTs could beneficially impact OS, despite the recurrence of
an HSR, provided that the patient maintains sensitivity to these
agents. This study was limited by the small cohort, however,
these results could be helpful to consider the continuation of
PTs when HSRs occur in recurrent ovarian cancer. 

Our data demonstrate that, although HSRs recur at a high rate
in patients receiving PT readministration, subsequent HSRs are
unlikely to aggravate to a serious state. Recurrence of HSR in
our case was observed regardless of preventive measures, but
the reactions were all of G2 severity or lower and were remitted
by symptomatic treatment, such as withdrawal of the drug and
steroid administration. These findings support the validity of
attempted readministration of PTs in patients who develop
HSRs to carboplatin. Recently some studies reported that a skin
test or germline BRCA1/2 mutation status seemed to be able to
predict the development of HSRs to carboplatin (15, 16).
Premedication and desensitization therapies, such as multistep
dilution infusion, and extended infusion may also prevent
recurrent HSRs and have been used successfully in many
studies (10-12). Therefore, readministration of PTs can be made
safe with appropriate surveillance during hospitalization in
patients with a low predicted risk of recurrent HSRs and using
appropriate preventive measures.

There are two limitations of the present study. First, the
retrospective design necessarily lacks randomization. It is
possible that the decision to continue or discontinue PTs was
made for a reason that is not clear in the medical records.
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Figure 2. Kaplan–Meier curves of overall survival in the two groups.
The solid line represents the continuation group and dashed line
represents the discontinuation group. Vertical lines represent censoring.

Table III. Prognostic value by multivariate analysis for overall survival.
HR: Hazard ratio; 95%CI: 95% confidence interval; PTs: platinum
agents that consist of carboplatin, cisplatin and nedaplatin.

                                                        HR (95%CI)                     p-Value

Age                                                1.32 (0.59-2.93)                    0.49
  ≤50 vs. >50                                                                                 
Histologic type                             0.43 (0.20-0.95)                    0.037
  Serous vs. others                                                                        
Administration of PTs                  0.33 (0.13-0.84)                    0.02
  Continuation vs.
  discontinuation                                        



Some cases might have been considered for continued PTs by
the attending physicians because the HSR reactions were very
light, or PTs were deemed highly effective. Additionally,
some patients might have urged for or rejected continuing the
platinum therapy for unknown reasons. However, there was
no difference in the patients’ backgrounds between the two
groups and it is unlikely that bias was directly associated with
the difference in outcomes.

The second limitation is that a G3 or more severe allergic
reaction following repeated HSRs may not have appeared due
to the small patient population. This may be a low frequency
reaction. In fact, fatal cases of life-threatening HSRs have been
described, regardless of initial or recurrent development. Death
due to cisplatin readministration following HSR to carboplatin
has also been reported (6, 17-19). These possibilities cannot be
neglected. However, patients who developed HSRs three times
or more were included in our study, and symptoms did not
aggravate to a serious state, even after repeated recurrence.
Ultimately, while severe HSRs may develop, they may occur at
any time during the treatment. Thus, the best approach is to take
appropriate countermeasures, as described above, from the start
of treatment in patients with high risk of developing HSRs, such
as those with platinum-sensitive recurrent ovarian cancer. When
HSRs occur, the benefit of continuing PTs should be carefully
considered, and readministration should be considered after
taking preventive measures against a recurrence, using a
surveillance system and preparing a symptomatic treatment for
recurrence. Readministration of PTs should, however, clearly be
discontinued when severe HSRs develop.

The results of this retrospective study show that
continuation of PTs in patients with recurrent ovarian cancer
who develop HSRs to carboplatin may contribute to
improvement in their survival. Since HSRs are likely to
recur, but unlikely to aggravate to a serious state,
continuation of PTs may be safe with thorough preparation.
Because the number of cases in this study is limited,
establishment of an effective and safe treatment regimen for
patients with ovarian cancer who develop HSRs will require
accumulation of more data in larger studies.
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