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ABSTRACT

Purpose: Rapid drug desensitization is known to be a good strategy in patients with drug 
hypersensitivity to chemotherapy. However, changes in maximal drug concentration and 
exposure time in blood through desensitization may alter other adverse reactions and efficacy 
of the drug. We investigated rapid desensitization for carboplatin in terms of severe adverse 
drug reactions (ADRs) and efficacy compared with the standard infusion.
Methods: A retrospective cohort study was conducted on patients with recurrent ovarian 
cancer who received carboplatin chemotherapy from 2017 to 2019. We compared serious 
adverse events (SAEs), ADRs according to organ classes, time to progression (TTP), and 
overall survival (OS).
Results: Of 108 desensitization procedures performed in 21 patients, 104 were successfully 
accomplished (96.3%). There were compared with 271 procedures in 41 patients who received 
the standard infusion method. There were 8 (7.7%) SAEs in the rapid desensitization group and 
34 (12.5%) in the control group. One drug-related death occurred in the rapid desensitization 
group. In the rapid desensitized group, except for neutropenia, there was no statistically 
significant increase in SAEs and over grade 3 of ADRs according to organ classes compared with 
the control group. In the efficacy analysis, TTP and OS were similar in the 2 groups.
Conclusions: Rapid desensitization of carboplatin can lower the risk of immediate 
hypersensitivity reactions without changing the inherent effect and severe ADRs.

Keywords: Desensitization; hypersensitivity; antineoplastic agents; carboplatin; drug-related 
side effects and adverse reactions; drug effects; survival; ovarian neoplasm

INTRODUCTION

Immediate drug hypersensitivity reactions (HSRs), which are manifested as hives, 
angioedema, rhinitis, bronchospasm, and anaphylactic shock, can occur within 1-6 hours 
after taking a causative drug.1,2 These reactions are difficult to predict, progress rapidly, and 
can lead to life-threatening reactions like anaphylaxis.3 Avoidance is the best way to prevent 
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HSR. Despite, in some cases, knowing that a chemotherapeutic agent may cause immediate 
drug HSR, re-administration may be considered due to the significant benefit of the drug.

Rapid drug desensitization (RDD) is a safe approach to prevent HSRs to chemotherapeutic 
agents.4 The concept of RDD is to induce temporary non-reactivity by administering the 
causative drug at a concentration of 1/100 to 1/10,000 of the normal dose depending on the 
degree of risk, and gradually increasing the infusion rate every 15 to 20 minutes until the 
target dose is achieved.5-7 After introduction of RDD, 90% or more patients experienced no 
breakthrough reaction (BTR) or only mild BTR. Overall health costs between an RDD group 
and a standard infusion group were not different.8,9 So, RDD is a safe and efficient method in 
patients who have experienced immediate HSR to chemotherapeutic agents.

However, when the drug is administered by RDD, the administration rate and duration of 
exposure is changed. Carboplatin is recommended to be administered for 30 minutes to 1 
hour, but by RDD, carboplatin will be administered for more than 4 hours, and the final rate 
will also be different from the standard method.10-12 Adjusting the rate of drug administration 
changes the blood concentration and exposure time of the drug, so it can change adverse 
drug reactions (ADRs) and efficacy. Twenty-four-hour continuous infusion of amphotericin 
B reduces renal toxicity and infusion reaction without increasing mortality compared 
with a 4-hour infusion.13 Doxorubicin administered as a 48-hour or 96-hour continuous 
intravenous infusion reduced cardiac toxicity.14 Thus, continuous infusion is known as a 
method of lowering some toxicity by reducing the peak blood drug concentration. However, 
the ADRs of other chemotherapeutic drugs have been reported to increase due to continuous 
administration. There has been a meta-analysis of paclitaxel 3-hour and 24-hour infusions. 
In the 24-hour infusion group, there were more frequent side effects and severe toxicity, 
especially febrile neutropenia, diarrhea, and sore mouth. In contrast, 24-hour infusions 
caused less nerve toxicity.15,16 Mucositis and stomatitis when treated with 5-fluorouracil are 
also known as ADRs that require more attention in continuous infusion.17 RDD is a drug 
administration method that changes the infusion rate of a drug and involves a change in the 
blood drug concentration. Therefore, it is necessary to accumulate knowledge about the 
effects of these methods of administration on ADRs and efficacy of drugs. But, studies of 
ADRs and efficacy of RDD for chemotherapeutic agents are scarce.

In this study, we compared severe ADRs and efficacy between RDD and standard 
administration in patients with relapsed ovarian cancer who received carboplatin as a 
palliative chemotherapy.

MATERIALS AND METHODS

Informed consent statement
This study was approved by the Institutional Review Board (IRB) of Kyungpook National 
University Chilgok Hospital (IRB number: 2020-02-013).

Study protocol and study population
A retrospective cohort study was performed on patients with the following inclusion 
criteria: 1) carboplatin based chemotherapy from 2017 to 2019 at Kyungpook National 
University Chilgok Hospital; 2) age ≥ 20 years; 3) tubo-ovarian cancer or primary peritoneal 
carcinomatosis; 4) platinum sensitive relapsed cancer; and 5) chemotherapy regimen: 
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carboplatin + gemcitabine or carboplatin + paclitaxel (± bevacizumab). Patients who did not 
the complete chemotherapy schedule of the cycle for any reason were excluded.

Each patient received a standard 6 to 9 cycles of carboplatin area under the curve 6 and 
paclitaxel 175 mg/m2 every 3 weeks as a frontline chemotherapy previously. All the patients 
underwent radical debulking tumor surgery. Subsequently, a second-line or later-line 
chemotherapy regimen was administered due to recurring ovarian cancer between 2017 
and 2019. The group to which carboplatin was administered through RDD was labelled as 
the RDD group, and the group to which carboplatin was administered as a 1-hour infusion, 
which is a standard method, was labelled as the control group. We retrospectively reviewed 
the patients' electronic medical records and obtained the patients' baseline characteristics 
(such as age, sex and underling diseases), previous chemotherapy history, chemotherapy 
regimen, chemotherapy cycle number, carboplatin dose, whether desensitization performed, 
and desensitization result. The severity of the initial HSR and BTR was scored according to 
Brown's anaphylaxis classification as in previous studies.8,18 A grade 1 reaction (mild) was 
defined as involving only skin and subcutaneous tissue. Systemic involvement of respiratory, 
cardiovascular and gastrointestinal (GI) organs was regarded as a grade 2 reaction 
(moderate). Concurrent systemic organ involvement and vital sign changes (such as hypoxia, 
hypotension, and neurological changes) were classified as a grade 3 reaction (severe).

Rapid desensitization protocol
The 1-bag, 12-step desensitization protocol was previously reported by Lee et al.10 and Chung 
et al.19 and we performed desensitization with a modified protocol (Fig. 1). The 1-bag protocol 
started at 1/1,500 of the final infusion rate without dilution. Each step, except the last one, 
consuming 15 minutes, and the dose at each step was increased to 1.6 to 2.1 times the 
previous step until reaching a rate of 300 mL/hr as the final step. Since the 1-bag protocol 
use an undiluted drug, only a very small amount of the drug enters the initial step, and 5% 
dextrose water was administered as a side stream at a rate of 40 mL/hr throughout the entire 
desensitization process. H1 blockers (fexofenadine 180 mg and chlorpheniramine 4 mg) and 
montelukast (10 mg) were given 1 hour before chemotherapy as premedication. Systemic 
steroid (dexamethasone 5 mg) was administered as an antiemetic, regardless of the RDD.

Outcome measures
ADRs
The primary outcome was the incidence of serious adverse events (SAEs) as compared 
with the RDD group and the control group. SAEs were defined as follows: 1) death; 2) 
life-threatening; 3) admission to hospital, prolongation of hospitalization or emergency 
room visit; 4) disability or permanent damage; and 5) congenital anomaly/birth defect. The 
secondary outcome was the incidence of over grade 3 of ADRs according to organ classes. 
Organ classes were classified based on Common Terminology Criteria for Adverse Events 
(CTCAE) version 5.0 (NCI CTCAE v5.0). The grades are classified according to the following 
symptoms and signs: grade 1 reactions where the patient has mild symptoms and additional 
interventions are not required; grade 2 reactions where the patient has moderate symptoms 
and requires oral medication; grade 3 reactions where the patient shows severe symptoms 
and requires hospitalization or intravenous medication; grade 4 reactions where the patient 
exhibits life-threatening; grade 5 reactions where a drug reaction was related to patient 
death. Laboratory tests were performed on days 8 and 22 after carboplatin administration, 
and the ADR grade was according to CTCAE 5.0.value.
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Efficacy
The primary outcome was time to progression (TTP) as compared with the RDD group and 
the control group. TTP was defined as the period from the start of the chemotherapy regimen 
to the determination of cancer progression. The secondary outcome was 12-month survival, 
24-month survival and overall survival (OS). OS was defined as the time of death for any 
reason from the onset of the second-line chemotherapy due to cancer recurrences.

Statistical analysis
When we performed univariate analysis of ADRs, we analyzed the same chemotherapy cycles 
separately. Categorical variables are presented as number and percentages, and they were 
analyzed using Pearson's χ2 test and Fisher's exact test. Continuous variables are presented 
as mean ± standard deviation ranges and were analyzed using Student's t test or the Mann-
Whitney U test with a 95% confidence interval. A multivariable logistic regression test for 
ADRs was performed between the RDD group and the control group. Age, carboplatin 
dose, chemotherapy regimen, and previous chemotherapy history were corrected by logistic 
regression. TTP and survival analysis were compared between groups using Kaplan-Meier 
survival curves and a log-rank test. We assessed the multivariate effects of covariates with 
Cox regression analysis to estimate the efficacy adjusted by the following variables: age; time 
to relapse; previous chemotherapy history; Eastern Cooperative Oncology Group (ECOG) 
performance status (PS), concurrent chemotherapeutic drug. All results with a P value of < 0.05 
were considered statistically significant. Statistical analyzes were performed with IBM SPSS 
Statistics (version 24.0; SPSS Inc., Chicago, IL, USA).

RESULTS

Patient selection flow and baseline characteristics
From 2017 to 2019, 21 patients received a total of 108 desensitization procedures. Four 
procedures were excluded from the ADR analysis because the administration of carboplatin 
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Rate
(mL/h)

0.2
0.4
0.8
1.5
3.0
6.0

12.5
25.0
50.0

100.0
180.0
300.0

Fold increase
per step (mg/min)

NA
× 2
× 2
× 1.88
× 2
× 2
× 2.08
× 2
× 2
× 2
× 1.8
× 1.67

Cumulative dose
infused (mg)

0.037
0.111
0.259
0.537
1.093
2.204
4.519
9.122

18.381
36.900
70.233

400.000

Step

1
2
3
4
5
6
7
8
9
10
11
12
Total

Time
(min)

15
15
15
15
15
15
15
15
15
15
15

89
254

Administered
volume (mL)

0.050
0.100
0.200
0.375
0.750
1.500
3.125
6.250

12.500
25.000
45.000

445.150
540.000

Administered
dose (mg)

0.037
0.074
0.148
0.278
0.556
1.111
2.315
4.630
9.259

18.519
33.333

329.741
400.000

Total dose: 400 mg               Solution concentration                 Drug 
Mixing solution: 500 mL                         0.741 mg/mL                   Carboplatin

Fig. 1. The 1-bag 12-step carboplatin desensitization protocol. For example: 400 mg carboplatin, mixed with 500 
mL of 5% dextrose, and 0.741 mg/mL of carboplatin is administered. Start at 1/1,500 final speed, increase speed 
at 15-minute intervals. The 5% dextrose water was administered as a side stream at a rate of 40 mL/hr. 
NA, not available.



was not completed due to BTR symptoms. One patient was excluded from the analysis 
because excluded RDD procedure was the only carboplatin containing chemotherapy 
(Supplementary Fig. S1). Accordingly, there were 104 cycles in 20 patients included in the 
ADR analysis as the RDD group. The control group comprised 271 cycles in a total of 41 
patients (Table 1). The mean ages of patients in the RDD group and the control group were 
61.10 ± 9.79 years and 62.51 ± 9.95 years, respectively. There were no significant differences 
between clinical and demographic characteristics of the RDD and the control groups. 
All patients were diagnosed as female relapsed ovarian cancer who received palliative 
chemotherapy, including carboplatin. The RDD group had the mean cycle of 7.20 ± 5.54 in 
the same-line chemotherapy regimen, of which 5.35 ± 4.64 were administered through RDD. 
The control group had the mean cycle of 6.29 ± 3.79 in the same-line chemotherapy regimen. 
The time to the first relapse, number of previous total chemotherapy cycles and number 
of total carboplatin cycles tended to be higher in the RDD group, but this was statistically 
insignificant. ECOG PS 2, hypertension, diabetes, and cardiovascular disease were more 
prevalent in the control group, but there was no significant difference between the 2 groups. 
In the efficacy analysis, 4 patients in the RDD group who had to change regimen due to BTR 
were excluded and 17 RDD and 41 control patients were analyzed (Supplementary Fig. S1).

Outcomes of RDD
The results of 108 desensitization cycles among 21 patients were analyzed. In the initial 
HSR evaluation, 9 (42.9%) patients of grade 1, 9 (42.9%) patients of grade 2 and 3 (14.3%) 
patients of grade 3 were observed. Out of 108 RDDs, 104 cycles were completed with a 
success rate of 96.3% (Supplementary Table S1). Among 108 RDDs cycles, no BTRs occurred 
in 74 cycles (68.5%) while grade 1 BTRs occurred in 26 cycles (24.1%). Six patients suffered 
from moderate to severe BTRs out of 8 RDDs, 1 of which was a severe reaction (Fig. 2A). Four 
patients had to change chemotherapy regimen to one that did not contain carboplatin due to 
BTR. In grade 2 or grade 3 BTRs, 6/8 were first or second cycles of RDD (Fig. 2B).
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Table 1. Clinical characteristics of the study subjects
Characteristics RDD group (n = 20) Control group (n = 41) P value
Age (yr) 61.10 ± 9.79 62.51 ± 9.95 0.603
Sex:female 20 (100) 41 (100) 1.000
Total cycle 104 271
Average cycle per patient

Cycle in the same-line chemotherapy regimen 7.20 ± 5.54 6.29 ± 3.79 0.456
Rapid desensitization 5.35 ± 4.64 -

Time to first relapse after initial diagnosis (mon) 30.35 ± 17.75 24.46 ± 15.46 0.189
Treatment course before current chemotherapy regimen

Previous total chemotherapy cycle 15.40 ± 9.09 13.54 ± 7.77 0.437
Previous total carboplatin cycle 12.15 ± 6.11 9.34 ± 5.18 0.066

Initial ECOG PS (0/1/2) 1/17/2 3/31/7 0.699
Underlying disease

Diabetes 3 (15.0) 9 (22.0) 0.521
Hypertension 3 (15.0) 15 (36.6) 0.083
Dyslipidemia 3 (15.0) 5 (12.2) 0.761
Cardiovascular disease 0 (0) 3 (7.3) 0.215
Chronic liver disease 0 (0) 1 (2.4) 0.481
Respiratory disease 0 (0) 1 (2.4) 0.481
Other cancer 2 (10.0) 4 (9.8) 0.976

Values are presented as mean ± standard deviation or number (%).
RDD, rapid drug desensitization; ECOG PS, Eastern Cooperative Oncology Group performance status.



ADRs
Primary outcome
There were 8 SAEs (7.7%) in 104 RDD procedures and 34 SAEs (12.5%) in 272 standard 
procedures. The most frequent SAE was infection or infestations that were observed in 6 
(5.8%) in the RDD group and 11 (4.1%) in the control group. Nausea and nutritional disorder 
were the second most common SAE, with 2 (1.9%) in the RDD group and 8 (3.0%) in the 
control group. Other kinds of SAE, such as GI and general disorders, occurred only in the 
control group. One drug-related death (pneumonia with neutropenic fever) was observed 
in the RDD group (Table 2). The SAEs were analyzed comparing the same chemotherapy 
cycle of the 2 groups. There was no significant increase in SAEs in the RDD group from the 
first to the ninth chemotherapy cycles (Fig. 3A and Supplementary Table S2). No significant 
increase in SAEs in the RDD group was observed even after correction for age, carboplatin 
dose, comorbid chemotherapy, and previous total chemotherapy cycle number by logistic 
regression analysis (Table 3).
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RDD cycle

No reaction
n = 74 (68.5%)

Grade 1
n = 26 (24.1%)

Grade 2
n = 7 (6.5%)

Grade 3
n = 1 (0.9%)

N
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B

No reaction
Grade 1
Grade 2
Grade 3

Fig. 2. Number and severity of BTRs during RDD. (A) Total RDD. (B) According to cycles of RDD. 
BTR, breakthrough reaction; RDD, rapid drug desensitization.

Table 2. Severe adverse events according to rapid drug desensitization
Severe adverse events RDD group (n = 104) Control group (n = 271)
Death 1 (1.0) 0 (0.0)
Cardiac disorders 0 (0.0) 1 (0.4)
Gastrointestinal disorders (except nausea) 0 (0.0) 8 (3.0)
Infection and infestations 6 (5.8) 11 (4.1)
Injury, poisoning and procedural complications 0 (0.0) 1 (0.4)
Nausea and nutrition disorders 2 (1.9) 8 (3.0)
General disorders 0 (0.0) 3 (1.1)
Respiratory, thoracic and mediastinal disorders 0 (0.0) 1 (0.4)
Skin and subcutaneous tissue disorders 0 (0.0) 1 (0.4)
Total 8 (7.7) 34 (12.5)
RDD, rapid drug desensitization.

Table 3. Risk assessment of comparison of severe adverse events in the RDD group by multivariate analysis
Chemotherapy cycles Severe adverse events

Odds ratio 95% CI P value
1st 0.714 0.062–8.218 0.787
2nd 0.632 0.030–13.278 0.768
3rd 0.507 0.032–8.124 0.507
4th 0.587 0.027–12.691 0.734
5th 1.573 0.070–35.485 0.776
6th 1.777 0.097–32.589 0.699
RDD, rapid drug desensitization; CI, confidence interval.



Secondary outcome
Over grade 3 of any ADRs were observed in 70 (67.3%) of the RDD group and in 160 (59.0%) of 
the control group. Over grade 3 of any ADRs were analyzed comparing the same chemotherapy 
cycle of the 2 groups. There was no statistically significant difference between the 2 groups 
from the first cycle to the ninth cycle (Fig 3B and Supplementary Table S2). When analyzed 
through multiple logistic regression analysis, the risk of over grade 3 of ADRs was significantly 
lower in RDD group in the 3rd cycle, and there was no statistical difference in the other 
cycles (Supplementary Table S3). Over grade 3 of neutropenia was significantly higher in 
the RDD group on the 6th cycle (84.6% vs. 30.8%, P = 0.002) (Supplementary Fig. S2D 
and Supplementary Table S2). This continued even after adjustment by logistic regression 
(odds ratio, 10.249; 95% confidence interval [CI], 1.669–62.922; P = 0.012; Supplementary 
Table S3). Other cytopenia indicators (like anemia and thrombocytopenia) did not show a 
statistically significant difference in the RDD group. Over grade 3 of the ADRs by other organ 
system were not increased by the RDD group (Table 4 and Supplementary Fig. S2).

Efficacy
Primary outcome
We compared the efficacy of 17 carboplatin-desensitized patients and 41 control patients. The 
median TTP for the total regimen was 17.14 months (95% CI, 12.28–22.00) in the RDD group and 
14.27 months (95% CI, 10.95–17.59) in the control group. When limited to the 2nd line regimen, 
the median TTP was 19.94 months in the RDD group, and 17.23 months in the control group. 
There was no significant difference in TTP between the 2 groups (Fig. 4). TTP for total regimen 
after correction for age, time to relapse, previous chemotherapy history and ECOG PS, hazard 
ratio of desensitization was 0.733 (95% CI, 0.320–1.680; P = 0.463). When comparing only 2nd 
line regimen, hazard ratio of desensitization was 1.945 (95% CI, 0.476–7.951; P = 0.355) (Table 5).

Secondary outcome
The 12-month survival rate was not significantly different between the RDD and control 
groups (14/15, 93.3% vs. 27/31, 87.1%). The 24-month survival rate was also 66.7% (8/12) 
for RDD group and 68.2% (15/22) for the control group, there was no significant difference 
between the 2 groups. The estimated median survival time was 47.84 months (95% CI, 33.23–
63.45) for the RDD group and 41.22 months (95% CI, 33.86–48.59) for the control group. 
There was no significant difference in OS between the 2 groups (Log-rank P = 0.944) (Fig. 5). 
OS after correction for age, time to relapse, previous chemotherapy history and ECOG PS, 
hazard ratio of desensitization was 1.310 (95% CI, 0.432–3.974; P = 0.634) (Table 5).
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Fig. 3. Severe adverse drug reactions according to the cycle of palliative chemotherapy containing carboplatin. (A) Severe adverse events. (B) Over grade 3 of 
any adverse drug reactions. 
RDD, rapid drug desensitization.



DISCUSSION

Our study demonstrated that RDD does not increase the frequency of severe ADRs compared 
with the standard administration method and has similar efficacy. Our study is meaningful in 
that it compared a relatively similar group of patients for the first time. Based on our findings, 
we suggest that RDD is not only an effective way to reduce the risk of HSRs, but also a way to 
administer drugs without affecting efficacy and other severe ADRs.

Common SAEs of chemotherapy include infection, cytopenia, nausea, GI motility symptoms, 
malnutrition and constitutional/dehydration symptoms.20 Platinum compounds are also 
known to have neurotoxicity, nephrotoxicity, and ototoxicity, but carboplatin is rarer than 
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Table 4. Adverse drug reactions according to organ class
Characteristics RDD group (n = 104) Control group (n = 271)
Any ≥ Grade 3 70 (67.3) 160 (59.0)
Gastrointestinal disorder (except nausea)

≥ Grade 2 61 (58.7) 160 (59.0)
≥ Grade 3 0 (0.0) 8 (3.0)

Infection and infestation
≥ Grade 2 15 (13.9) 26 (9.6)
≥ Grade 3 6 (5.6) 11 (4.1)

Nausea and nutrition disorders
≥ Grade 2 46 (44.2) 136 (50.2)
≥ Grade 3 2 (1.9) 8 (3.0)

Nervous system disorder
≥ Grade 2 33 (30.6) 98 (36.2)
≥ Grade 3 0 (0.0) 0 (0.0)

Hepatotoxicity
≥ Grade 2 5 (4.6) 8 (3.0)
≥ Grade 3 1 (1.0) 2 (0.7)

Nephrotoxicity
≥ Grade 2 1 (1.0) 5 (1.8)
≥ Grade 3 1 (1.0) 0 (0.0)

Neutropenia
≥ Grade 2 84 (77.8) 184 (67.9)
≥ Grade 3 62 (57.4) 107 (39.5)

Anemia
≥ Grade 2 82 (75.9) 202 (74.5)
≥ Grade 3 25 (23.1) 73 (26.9)

Thrombocytopenia
≥ Grade 2 45 (41.7) 89 (32.8)
≥ Grade 3 22 (20.4) 66 (24.4)

RDD, rapid drug desensitization.

Table 5. Multivariate cox regression analysis of TTP and OS
Characteristics TTP OS

Total 2nd line regimen
HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value

Rapid desensitization of carboplatin 0.733 (0.320–1.680) 0.463 1.945 (0.476–7.951) 0.355 1.310 (0.432–3.974) 0.634
Age (yr) 1.010 (0.960–1.063) 0.700 1.042 (0.970–1.121) 0.262 0.942 (0.871–1.019) 0.138
Time to relapse (mon) 0.970 (0.943–0.999) 0.042 0.885 (0.809–0.967) 0.007 0.952 (0.909–0.998) 0.040
Previous chemotherapy cycle (number) 1.086 (1.024–1.151) 0.006 0.983 (0.882–1.096) 0.759 0.988 (0.913–1.069) 0.767
ECOG PS

1 1.302 (0.399–4.250) 0.661 2.832 (0.385–20.841) 0.669 1.776 (0.208–15.163) 0.600
2 1.840 (0.437–7.744) 0.405 8.674 (0.843–89.314) 0.101 3.734 (0.307–45.415) 0.301

Concurrent chemotherapeutic drug (gemcitabine) 2.018 (0.696–5.849) 0.196 3.356 (0.783–14.391) 0.103 0.652 (0.194–2.191) 0.489
TTP, time to progression; OS, overall survival; HR, hazard ratio; CI, confidence interval; ECOG PS, Eastern Cooperative Oncology Group performance status.



cisplatin.21-23 In our study, infection or infestations was the most common SAE. Malnutrition 
by nausea and anorexia, and GI symptoms including diarrhea and abdominal distension 
were also observed in some patients. As for neurotoxicity, more than 30% procedures were 
associated with neurotoxicity below grade 2 and grade 3 neurotoxicity was not observed. Only 
6 procedures were accompanied by an increase in creatinine above grade 2, and there was 
no increase above grade 3 except in the fatal cases who progress multi-organ failure due to 
infection, so nephrotoxicity was tolerable.

GI disorder, nausea, anorexia, malnutrition and general disorder tended to be lower in the 
RDD group, especially as regards grade 3 reactions requiring hospitalization or emergency 
room visits. ADRs particularly common in platinum compounds, such as neurotoxicity and 
nephrotoxicity, also tended to be lower. However, the infection and infestations tended 
to be higher in the RDD group. Among all patients, there was one death related to ADR 
of chemotherapy, and this was the death caused by infection with neutropenia in the RDD 
group. In addition, neutropenia above grade 3 tended to increase in the RDD group as the 
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order of chemotherapy cycle increased, especially after the sixth cycle, showing statistically 
significant differences. Cochrane review for paclitaxel presents the lower prevalence of 
neutropenia in short duration infusions than long duration infusions of paclitaxel.15 Our 
study showed similar results to the above study that the incidence of neutropenia was higher 
in the desensitized group, which required more than 4 hours of administration time than the 
control group that received carboplatin for 1 hour, which is the conventional administration 
time. Since, in our study, the number of patients with anemia and thrombocytopenia did 
not significantly change, further research is required to determine whether RDD causes 
bone marrow suppression but more careful observation of bone marrow suppression may be 
required in rapid desensitization.

Previous studies showed the relationship between RDD and OS. In relapsed ovarian 
cancer, there was no difference in OS between patients with RDD and the control patients.8 
In a recent study, oxaliplatin administration in colon cancer showed that there was no 
difference in OS between RDD and control groups.24 Another study showed that patients 
who were desensitized to carboplatin hypersensitivity had longer OS than patients without 
hypersensitivity to carboplatin not undergoing desensitization.25 TTP was analyzed for the 
first time in this study. Although there was no statistical difference, the RDD group showed 
a longer TTP, despite the time to relapse and the number of previous chemotherapy cycles 
being higher. Through this, administration of carboplatin through RDD is not expected to 
decrease efficacy, and it is thought that it can be applied to other chemotherapeutic agents. In 
addition, 12-month survival, 24-month survival and OS were not statistically different, so it 
can be confirmed again that RDD does not affect OS.

Carboplatin is one of the most important chemotherapeutic agents in ovarian cancer, and is 
mostly used as 1st line chemotherapy.26 Despite progress in the first-line treatment of ovarian 
cancer, the majority of patients relapse, so it is important to re-administer carboplatin for 
carboplatin sensitive ovarian cancers.27,28 However, one of the major problems with re-
administration of carboplatin is the frequent occurrence of immediate HSR. Carboplatin 
immediate HSRs are known to increase as the cycle is repeated (6.5% for 6 cycles and 27% 
for 7 cycles, and 44% for 3rd line re-administration).29-31 When a carboplatin immediate 
HSR occurs in patients with carboplatin sensitive ovarian cancer, it has been well known 
from previous studies that administration of drugs through RDD significantly benefits OS 
compared with avoiding carboplatin. Therefore, a safe method for administering carboplatin 
was needed in these patients, and successful administration through RDD was reported.8,32 
In our study, RDD had to be performed for a known HSR in approximately 1/3 of patients who 
used carboplatin for recurrent ovarian cancer patients who used carboplatin as the 1st line.

The success rate and number of BTR in the RDD group were similar to those results in 
previous carboplatin desensitization studies. Platinum compounds, such as carboplatin, 
were reported to have a higher BTR incidence than those of paclitaxel or monoclonal 
antibodies.8,33,34 Carboplatin infusion through RDD was reported to cause grade 2 or higher 
BTR in 5% to 10%.7,35-37 According to Sloane et al.,8 the BTR results of 1,069 desensitization 
therapies of carboplatin showed a similar rate to the BTR results of our study. It was also 
demonstrated in this study that the risk of BTR decreases as the number of desensitization 
therapies is repeated.10,38

In this study, we adopted a 1-bag desensitization protocol. RDD using 1-bag protocol has 
proven to be good in previous studies. In a previous study, 1-bag 12-step chemotherapy was 
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successfully performed with platinum compounds,19 In another retrospective cohort study, 
success rate and BTR frequency were not statistically different between 3-bag system and 
1-bag system for paclitaxel administration.10 In addition, when using the 1-bag system, it was 
possible to reduce the infusion time compared with the multi-bag protocol, thereby reducing 
the effort of medical staff.10 In this study, carboplatin 400 mg was administered for 254 
minutes, showing a similar infusion time to previous 1-bag studies.

There are some limitations to this study. First, our study was conducted retrospectively in a 
single hospital with a resultant small sample size and reduced statistical power. ADRs may 
be sensitive to the patient's underlying condition. Prospective double-blind randomized 
trials would be ideal for ADR evaluation. Despite these limitations, however, our research 
was conducted consistently, so the desensitization protocol, treatment to ADRs, and 
cancer treatment protocol were able to follow up the patient under the most unified 
conditions, allowing a valid comparison between the 2 groups. In addition, due to the 
nature of RDD, it is not possible to conduct a randomized clinical trial. In order to further 
generalize as a conclusion of our research, there should be larger multicenter research in 
the future. Secondly, in our study, in patients with carboplatin immediate HSR, there was 
no comparison between the group that gave up carboplatin and the carboplatin RDD group. 
We attempted to re-administer all patients who developed carboplatin hypersensitivity 
during the study period, and only patients with moderate or higher BTR despite RDD tried 
other treatments than carboplatin. There were 4 patients who changed carboplatin, and the 
number of patients was too small to analyze separately. Thirdly, this study did not evaluate 
the mechanism of carboplatin hypersensitivity prior to desensitization. However, this study 
was aimed at analyzing the drug efficacy and toxicity according to infusion methods, so 
drug hypersensitivity mechanisms would not have had a significant influence. In addition, 
carboplatin is generally known to induce immunoglobulin E-mediated hypersensitivity 
as the carboplatin cycle repeats. The RDD group in our study showed almost one-third of 
patients who used carboplatin for recurrent ovarian cancer and had administered more than 
10 times before RDD. This is reasonable considering the previous evidence of carboplatin 
hypersensitivity in more than 25% of patients after 6 cycles.39

In conclusion, RDD did not increase severe ADRs compared to the standard drug 
administration method, and it was confirmed that there was no difference in efficacy of drug. 
Based on the results of this study, it is suggested that rapid desensitization of carboplatin is 
similar to the standard infusion method in terms of efficacy and severe ADRs.
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