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Abstract 49 

BACKGROUND: 50 

Rapid drug desensitization (RDD) becomes a crucial procedure to allow treatment 51 

continuation in patients who suffer drug hypersensitivity reactions (DHRs) to 52 

chemotherapeutic (CMT) and biological agents (BA). 53 

OBJECTIVE: The aim of the study was to compare the efficacy and safety of a one-54 

bag-dilution-protocol (1DP) with a conventional three-bag-dilution-protocol (3DP) for 55 

desensitization of patients with CMT or BA hypersensitivity. 56 

METHODS: 57 

Retrospective analysis of patients with immediate DHRs to CMT or BA who underwent 58 

at least one RDD procedure in our department between2014-2019. Demographical data, 59 

clinical history, skin tests, tryptase levels and risk assessment were registered. The 60 

safety, tolerability, occurrence and severity of breakthrough reactions (BTR) with 3DP 61 

and 1DP were compared. 62 

RESULTS: 63 

After the allergy workup, 157 patients fulfilled criteria to undergo RDD (137 females, 64 

mean age 60.44±12.6 years). 639 RDDs (543 CMT and 96 BA) were performed using 65 

3DP in 205 (48 patients) and 1DP in 434 (109 patients). Almost all procedures (636) 66 

were completed successfully.  67 

No BTR occurred in the first RDD in 52% and 51% of the 3DP and 1DP respectively. 68 

Most BTR were mild. Moderate-severe BTR occurred in 17% with 3DP and 9% with 69 

1DP. There were no statistical differences between protocols regarding the rate and 70 

severity of BTR. 71 

CONCLUSIONS: 72 

Rapid drug desensitization with 1DP to CMT and BA has equivalent outcomes in terms 73 

of efficacy, tolerability and safety when compared with a 3DP desensitization in a 74 

selected population of patients. Moreover, 1DP reduces the time required for RDD and 75 

simplifies the logistics.  76 
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 79 

Highlights box: 80 

What is already known about this topic? 81 

Rapid desensitization applying multi-bag protocols with serial dilutions are widely used 82 

in patients with hypersensitivity reactions to biologics and chemotherapeutic agents. 83 

Such procedures are time consuming, impacting patients and healthcare resources.  84 

What does this article add to our knowledge? 85 

This article shows that the one-bag desensitization protocol (non-diluted), with 86 

chemotherapeutic and biological agents, is non-inferior regarding efficacy and safety 87 

compared to the conventional three-dilution protocol.  88 

How does this study impact current management guidelines? 89 

Implementing one-bag desensitization protocols may allow simplifying preparation in 90 

the pharmacy, reducing the workload for nurses (no bag change, fewer steps), 91 

decreasing the risk of errors and shortening the duration of the procedure, without 92 

hampering efficacy or safety.  93 

 94 

Abbreviations: 95 

 Rapid Drug Desensitization (RDD) 96 

 Drug Hypersensitivity Reaction (DHR) 97 

 Chemotherapeutic (CMT) 98 

 Biological agent (BA) 99 

 One-bag dilution protocol (1DP) 100 

 Three-bag dilution protocol (3DP) 101 
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 Breakthrough reactions (BTR) 102 

 National Cancer Institute Common Terminology Criteria for Adverse Events 103 

(NCI-CTCAE) 104 

 Skin prick test (SPT) 105 

 Intradermal test (IDT) 106 

 Serum tryptase (sT) 107 

 Drug provocation test (DPT) 108 

 Intensive care unit (ICU) 109 

  110 
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Text: 111 

INTRODUCTION 112 

The diagnosis of neoplastic malignancies and inflammatory diseases has been 113 

increasing in the last years. This results in a larger number of patients being exposed to 114 

antineoplastic and biological agents for long periods of time and frequently in repeated 115 

courses, leading to a parallel increase in the incidence of drug hypersensitivity reactions 116 

(DHRs)
1–4

. DHRs may compromise the use of first-line treatments for severe diseases 117 

leading to the use of alternative drugs that may be more toxic or less effective, 118 

influencing the survival prognosis. Thus, appropriate long-term management of DHRs 119 

is essential
5–18

. 120 

To overcome this problem, rapid drug desensitization (RDD) has become a suitable 121 

option for these patients to receive the drug of choice. It has been used for numerous 122 

drugs, including chemotherapeutic (CMT) and biologic agents (BA) inducing a transient 123 

state of tolerance to the drug that triggered the previous DHR
5–18

. When performed by 124 

expert physicians it is a cost-effective procedure that preserves the original survival 125 

prognosis of the patient and has proven to be safe and effective in the management of 126 

DHRs 
5–10,12–19

. 127 

Although different rapid drug desensitization (RDD) protocols have been described, a 128 

12-step protocol using three bag with sequential dilutions of the drug 
8,9,13,20,21

 129 

developed by Castells et al. 
9
 is nowadays the most widely used. However, faster 130 

protocols with one or two dilutions have been described 
14,22–26

. Currently, high-131 

precision pumps allow precise infusion rate of very low doses enabling the initiation of 132 

RDD with the standard drug concentration without dilution, as it has been demonstrated 133 

in other contexts apart from RDDs in terms of safety, control of low doses, the infusion 134 

rate and a less need of drug manipulation 
27–29

.  135 
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The aim of this study was to compare the efficacy and safety of a one-bag dilution 136 

protocol (1DP) using a high-precision pump used at our institution between 2017-2019, 137 

compared to the three-bag dilution protocol (3DP) used between 2014-2016 for RDD 138 

procedures with chemotherapeutic (CMT) and biologic agents (BA) through a 139 

retrospective observational study. 140 

 141 

METHODS: 142 

Study population and design 143 

A retrospective, observational, cross-sectional study was performed including all 144 

patients from 2014 to 2019 who had been referred to our Allergy Section after a drug 145 

hypersensitivity reaction (DHR) to chemotherapeutic or biological agents (CMT or 146 

BA). Demographic characteristics and clinical data of patients were registered. 147 

 148 

Risk assessment 149 

Only immediate reactions occurring during the infusion or within one hour after 150 

completion were considered for rapid drug desensitization (RDD). 
30

 The severity of 151 

reactions was classified using the National Cancer Institute Common Terminology 152 

Criteria for Adverse Events (NCI-CTCAE) v5.0 
31

 as well as Brown’s anaphylaxis 153 

severity grading (Table I) 
32

. 154 

Patients' baseline risk was classified as high or moderate/low risk depending on the 155 

severity of the initial reaction, baseline state of the patients in relation to their disease 156 

(mainly neoplastic), number of associated comorbidities (severe ischemic 157 

cardiomyopathy, uncontrolled hypertension, neurologic stroke, chronic obstructive 158 

pulmonary disease or COPD, and diabetes), medications taken by the patient such as 159 

beta-blockers or angiotensin-converting enzyme inhibitors (ACE inhibitors) where 160 
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exposure or breakthrough reactions might provoke situations beyond medical control, 161 

and the discretion of the treating clinician 
33

. 162 

In our study patients with DHR with a grade of severity I (Brown’s or NCI-CTCAE 163 

v5.0), with no severe comorbidities (for instance, cardiovascular or neurological strokes 164 

or other diseases not stabilized) and a good performance status were classified as basal 165 

low risk. With the increase of severity of DHR, comorbidities or a worsening of 166 

performance status, the basal risk increased to medium/severe (when the grade of 167 

severity was III with any severe comorbidity).  168 

The risk stratification and the assessment of the BTR was always performed by the 169 

same three allergists, trained for these specific procedures, in order to avoid variability 170 

in the classification criteria of the patients. 171 

After assessing the risk, a coordinated decision between the patient, the oncologist and 172 

the allergist was required to decide upon the indication of a drug provocation test (DPT) 173 

or a rapid drug desensitization (RDD). 174 

Diagnostic approach to assess candidate patients for rapid drug desensitization 175 

(RDD) 176 

Skin testing with the culprit drug was performed at least 2-4 weeks after the drug 177 

hypersensitivity reaction (DHR), at the same day of RDD or drug provocation test 178 

(DPT) if considered. Skin tests (skin prick test and/or intradermal test) were performed 179 

using non-irritating published concentrations
11,34,35

 following the method described by 180 

European Academy of Allergy and Clinical Immunology and the European Network for 181 

Drug Allergy 
36

, or in their absence, with 1:100-1:10 dilutions of the commercial 182 

presentation of each drug. To test whether these drug concentrations were irritating, 183 

they were tested in 5 control patients receiving and tolerating the same drug if they 184 

accepted and signed an informed consent. Skin test concentrations used in this study are 185 
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summarized in Table II. Results were read following standardized interpretation 
36

. 186 

Serum tryptase levels (sT) were determined during the reaction (initial determination 187 

during the first hour of the reaction, second at 2-6 hours) and at baseline (at least, 48 188 

hours after the reaction), in order to detect a possible underlying mast cell activation 189 

syndrome. An increase in serum tryptase over the cut-off value (11.4 µg/L) 190 

(ImmunoCAP
TM

, Thermo-Fisher Scientific, Sweden) as well as a rise of a 20% + 2 µg/L 191 

of the basal serum tryptase was considered suggestive of mast cell activation 
37,38

 and 192 

those patients were considered candidates for RDD (Figure 1). The blood for serum 193 

tryptase determinations were obtained at oncology day unit following the emergency 194 

protocol in case of suspicion of drug hypersensitivity reaction (DHR) by trained nurses. 195 

Drug provocation tests (DPT) are considered the gold standard to confirm or exclude 196 

the diagnosis of DHRs, being an important tool to confirm or exclude allergic reactions 197 

to CMT and BA 
21,39–41

. In this study, patients with normal basal serum tryptase levels 198 

(sT), absence of rise in sT during DHR and a basal medium/low risk (defined by the 199 

comorbidities, performance status and initial hypersensitivity reaction of the patient) 200 

underwent a DPT, and when positive, they were considered candidates for RDD 201 

(Figure 1). Drug provocation test to chemotherapeutic and biological agents were 202 

performed following procedures already published 
42

. 203 

Specific anti-alpha-gal-IgE (ImmunoCAP
TM

, Thermo-Fisher Scientific, Sweden) was 204 

also assessed in patients reporting an immediate DHR with cetuximab. 205 

 206 

Desensitization protocols 207 

A coordinated decision between the patient, the oncologist and the allergist was were 208 

required to decide upon the indication of a drug provocation test (DPT) or a rapid drug 209 

desensitization (RDD), taking into account the clinical reaction, skin test results, 210 
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mobilization of serum tryptase during the reaction and the basal risk of the patient 211 

23,32,37,38,43–47
. 212 

RDD was conducted in patients who presented an immediate DHR and, positivity in 213 

skin test (ST) with the culprit drug and/or rise in serum tryptase levels independently of 214 

their basal risk, after the patient signed an informed consent, if indicated. RDD was also 215 

performed in case of patient basal-high risk and negative or not performed skin test 216 

and/or serum tryptase determination. Desensitization was not performed if the reaction 217 

was suspected by a delayed immune-mediated reaction, in patients with negative drug 218 

provocation test (DPT) or those who did not need additional administration of the drug. 219 

We offered a desensitization protocol to the 8 patients with a positive challenge test, and 220 

6 of them underwent to a RDD with no incidences and for the other two patients the 221 

oncologist decided to change to an alternative drug since the expected response was 222 

deemed as limited, as it is summarized in Figure 1. 223 

The RDD protocol was performed at an allergy-procedure-dedicated-place inside the 224 

oncology day unit, except for those patients with extremely severe DHRs or very high 225 

basal risk, which were treated in the Intensive Care Unit (ICU). An allergist supervised 226 

all procedures until at least two RDD were uneventful, in which case they were 227 

subsequently supervised by allergy trained oncology day unit nurses, with the allergist 228 

on call. The allergist on call reviews the patients on RDD that are scheduled daily. 229 

Between 2014 and 2016, a three-bag-dilution-protocol (3DP) (1:100, 1:10, 1:1) of the 230 

culprit drug was used. The mean number of steps was 10, according to previously 231 

published protocols based on in vitro and in vivo experience 
8,21

. There were minor 232 

modifications in the protocol in selected cases, adding steps or increasing time from 15 233 

to 20 minutes per step, depending on the drug, breakthrough reactions during RDD and 234 

risk stratification. 235 
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Between 2017 and 2019 our desensitization protocols were changed taking advantage of 236 

the options of automatic high precision pumps (Infusomat
TM

 Space, Braun, Germany) 237 

that allow the use of drug dilution administration rates from 0.1 mL/h to reduce 238 

procedure time, to minimize errors and to simplify preparation by the pharmacists. 239 

Thus, one-bag-dilution-protocol (1DP) was used at usual concentration indicated by 240 

manufacturers 
24

. The number of steps and speed administration drug in 1DP was the 241 

same as used in 3DP, but the high precision pump allowed us to remove the necessity of 242 

changing bags. As in 3DP, the number of steps for the RDD was individualized 243 

depending on the drug, and the risk assessment with a mean of 10 steps with 15 minutes 244 

in the first nine steps. The infusion system was primed with the drug to keep an accurate 245 

control of the administered dose from the beginning. Dextrose 5% in water or saline 246 

serum (according to the manufacturer instructions) was infused via a three-way 247 

stopcock in a rate of 200 mL/h to lower the concentration of the undiluted solution as 248 

well as to ensure the infusion of the drug specially in the first steps. The infusion rate 249 

was duplicated every 15 minutes until the rate recommended by the manufacturer was 250 

achieved. In Table III, the two different protocols (3DP vs 1DP) for carboplatin 251 

desensitization, with target dose for 771 and 473mg, are shown as an example. 252 

Premedication with dexamethasone, ondansetron, ranitidine or other drugs were 253 

administered before RDD following the manufacturer’s instructions for each drug 
48

. 254 

Further premedication prescribed by the allergist were dexclorpheniramine or additional 255 

corticosteroids, which were administered in some patients according to clinical 256 

symptoms, severity of the reaction or drug breakthrough reactions (BTR) in previous 257 

desensitizations. In our experience steroids are a useful immediate premedication 258 

especially in non IgE mediated reactions, when a cytokine release syndrome reaction 259 

with biological or chemotherapeutic drugs is suspected (elevated IL-6 levels and normal 260 
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tryptase during the reaction). Other premedication drugs, such as montelukast or aspirin 261 

were used at initial procedures but were progressively abandoned due to the lack of 262 

efficacy observed in our patients 
49

. 263 

 264 

Outcomes 265 

The primary outcome was the rate of patients completing drug administration with any 266 

of the two protocols. Secondary outcomes were the number and the severity of 267 

breakthrough reactions (BTR) as well as the duration of the RDD according to both 268 

protocols. 269 

 270 

Ethical statement 271 

The study has been approved by Vall d’Hebron University Hospital Ethics Committee 272 

(IRB number: PR(AG)352-2019). All patients were informed and signed an informed 273 

consent. 274 

 275 

Statistical analysis All continuous variables are expressed as mean  standard 276 

deviation (SD), and exact 95% confidence interval (CI) is indicated. A 2 and Fisher’s 277 

exact test was used to compare the incidence and severity of BTR, and the completion 278 

rate of two different protocols. Data was collected and analyzed with SPSS version 25.0 279 

(SPSS Inc., Chicago, Ill., USA). A p value 0.05 was considered statistically 280 

significant.  281 

 282 

RESULTS: 283 
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Patient characteristics: 284 

Between 2014 and 2019, 180 patients with DHRs to chemotherapeutic or biological 285 

agents were referred to our department. The diagnostic/therapeutic flowchart is shown 286 

in Figure 1. 287 

After the allergy workup, 157 patients accomplished criteria to undergo at least 1 RDD 288 

(137 women/20 men, mean age of 60.44  12.6 years, range 19-82 years); 148 patients 289 

were treated for malignancies, 8 for inflammatory diseases and 1 for a lysosomic 290 

disease. The severity of the initial reaction was moderate to severe in 64.32% (Brown’s 291 

grade II-III) and 70% (NCI-CTCAE v5.0 II-IV) of the subjects while 35.68% (Brown’s 292 

grade I) and 30% (NCI-CTCAE v5.0 I) of patients presented a mild reaction as is shown 293 

in Table I.  294 

Skin tests and drug provocation tests (DPT): 295 

Skin test and DPT results are displayed in Table IV. A total of 151 patients underwent 296 

skin testing with a rate of positivity of 46.4%. Platinum salt agents had the highest rate 297 

of positive skin test (70-100%) while monoclonal antibodies yielded positive results 298 

only in 15% of patients. There was one positive intradermal test (IDT) to cetuximab in a 299 

patient with a positive specific IgE for alpha-gal. 300 

Rapid drug desensitization (RDD) outcomes: 301 

We offered a desensitization protocol to all patients who meet criteria but in 8 cases 302 

either the patients, or the responsible oncologist rejected the RDD. In total, 639 303 

desensitization procedures were performed in 157 patients. Of these, 48 patients 304 

underwent 205 RDD with 3DP and 109 patients underwent 434 RDD with 1DP (Table 305 

V). Gynecological malignancies were the most frequent condition and platinum salts 306 

were the most frequent culprit drugs followed by taxanes. 307 
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Of 639 RDD undertaken, 636 were successfully accomplished, giving a success rate of 308 

99.5%. Regarding the other three, the procedure was discontinued due to the severity of 309 

breakthrough reactions (BTR) and the revocation of the consent by the patient in the 310 

second session of desensitization after extensive explanations about risk-benefit with 311 

their oncologist. There were two patients following 1DP and one 3DP. The distribution 312 

comparing the severity of BTR during desensitization with the two protocols is shown 313 

in Figure 2, with no significant differences (p=.80). No BTR occurred in the first RDD 314 

procedure in a 52% (3DP) and 51 % (1DP) of the RDDs. Most BTR were mild, 315 

showing no statistical differences between protocols. BTR were less severe compared to 316 

the initial reaction as shown in Figure 3. Breakthrough reactions (BTR) occurred 317 

mainly during the final steps of the procedure. Considering the pharmacological group, 318 

platinum salts showed the highest rate of BTR (57%) in contrast with taxanes that 319 

showed the lowest (18%). 320 

Both RDD protocols showed a decrease of BTR after repeated cycles. Breakthrough 321 

reactions (BTR) persisted after the first RDD in 45 patients (33 platinum salts, 5 322 

rituximab, 3 taxanes, 1 cetuximab, 1 doxorubicin, 1 irinotecan and 1 trastuzumab). The 323 

severity of reactions in most cases was mild (77.7%) and controlled effectively with 324 

antihistamines and corticosteroids. Grade II-III reactions (Brown’s classification) 325 

occurred in 10 of 45 of patients (22.2%) being 7 of them due to platinum salts, 1 to 326 

doxorubicin, 1 to docetaxel and 1 to rituximab and requiring the use of adrenaline. No 327 

admissions to ICU or hospitalization were required and no deaths were recorded. 328 

Rapid drug desensitization (RDD) duration: 329 

The desensitization duration with 1DP was shorter than 3DP in all pharmacological 330 

groups (195-290 min vs 255-349 min respectively). For example, in the case of 331 

carboplatin it was 154 minutes shorter than that with the 3DP (P < .05) as shown in 332 
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Table III. Oxaliplatin with 1DP showed a reduction of 35 minutes with respect to 3DP 333 

(220 min vs 255 min), paclitaxel about 48 minutes (290 min vs 338 min) and rituximab 334 

of 45 minutes (254 min vs 300 min).  335 

 336 

DISCUSSION: 337 

This is the largest study from a single center comparing RDD protocols with three-bag 338 

dilutions (3DP) (n=48 patients) and one-bag dilution (1DP) (n=109 patients), collecting 339 

data from 6 years (2014-2019) of 639 RDD to CMT and BA, with an overall success 340 

rate of 99.5%. 341 

Vidal et al. 
22

 published 58 procedures in 12 patients who were desensitized with a 1DP, 342 

showing a safety and success rate similar to 3DP. Moreover, in 2020, Lee et al. 
25

 also 343 

showed that 1DP was a non-inferior option compared to multi-bag RDD in 49 patients 344 

with paclitaxel DHRs in terms of efficacy and safety. 345 

Other studies have also assessed the use of 1DP in RDD 
50

. One of the largest series was 346 

published by Pérez-Rodríguez et al. 
10

, on 490 RDD in 90 patients using a 1DP, with 347 

optimal outcomes.  Moreover, Chung SJ et al.
26

, reported in 2018 the use of 1DP 348 

applied to 36 patients with DHRs due to platinum salts. Of 175 desensitization 349 

procedures, all cases were successfully completed. Moreover, there are some case 350 

reports of successful RDD to different drugs using 1DP protocol 
24,45

. 351 

Although this is not the first study that compares multiple-bag against one-bag dilution, 352 

our study reinforces the results of previously published articles comparing both 353 

protocols. In addition, our group has described for the first time the good efficacy and 354 

tolerability of a 1DP in RDD for etoposide and obinituzumab. 355 

The two main advantages of 1DP are time-reduction of the procedure and optimization 356 

of risk-management. RDD duration is clearly shortened as shown in the current study, 357 
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which entails an improvement for the patient and for the health-care resources. This 358 

approach simplifies logistic management, reducing the risk of possible errors without 359 

compromising the safety, efficacy, and tolerability of the process. 360 

We want to point out that currently, characteristics of high-precision pumps allow us 361 

precise infusion rate of very low doses. The number of steps and speed administration 362 

drug in our 1DP was the same that the used in 3DP. We only prime the infusion system 363 

with the drug to keep an accurate control of the administered dose from the beginning 364 

and added dextrose 5% in water or saline serum (according to the manufacturer 365 

instructions) via a three-way stopcock in a rate of 200 mL/h to ensure the infusion in the 366 

patient of the chemotherapeutic or biological drug especially in the first steps. 367 

Skin tests were performed systematically in all patients to assess the involvement of an 368 

underlying IgE-mediated reaction. The sensitivity and specificity of skin testing in 369 

platinum salts range from 40% to 80%
9,51,52

. Although the aim of our study was not to 370 

analyze the diagnostic performance of skin tests, prevalence of platinum salts positive 371 

skin tests was like previously reported (74.6%). Some studies have reported skin testing 372 

with taxanes to be of limited value
9,53

. As the majority of patients reacted to these drugs 373 

on the first or second infusion, an IgE-mediated mechanism seems unlikely, suggesting 374 

other possible mechanisms, such as complement activation by reactive metabolites, 375 

direct mast cell/basophil or macrophage activation 
52,54

. Our rate of positive skin tests to 376 

taxanes (docetaxel 16.1% and paclitaxel 12.1%) are similar to previous reports 
55

, in 377 

contrast with Picard et al. 
23

 from Boston, USA, who report positivity rates for 378 

paclitaxel of 71% and for docetaxel of 89%. Skin tests to monoclonal antibodies 379 

resulted positive in only 15% of cases. Data on non-irritating concentrations for 380 

monoclonal antibody skin testing is scarce, and some authors are concerned by costs 
56

. 381 

Jo
urn

al 
Pre-

pro
of



17 

 

A strategy to overcome this latter limitation is performing the skin tests on the day when 382 

the RDD is scheduled and prepare the diagnostic dilutions from the treatment solution. 383 

Drug provocation test (DPT) is the gold standard criterion to confirm or rule out DHRs, 384 

especially when skin and serum IgE results are negative, unavailable, or not validated 
30

. 385 

Some authors recommend its use also in DHRs to CMT and BA in selected cases before 386 

performed RDD 
11,21,57

. In our hospital, the use of DPT is a common approach. 387 

However, in this study a limited number of DPT (N=29, summarized in Figure 1 and 388 

Table IV) were performed since most patients presented severe reactions with positive 389 

skin test and/or elevated serum tryptase levels during initial reactions. None of the 21 390 

patients with negative provocation challenges reacted upon additional administrations. 391 

We did not carry out DPT in cases of high-risk patients due to clinical status, 392 

uncontrolled comorbidities o very severe reactions and directly performed RDD. 393 

Therefore, there may have been several “false-positive” diagnoses. 394 

Breakthrough reactions (BTR) occurred in about half of the patients, independent of 395 

which protocol was used. However, most of them were mild and this rate decreased 396 

with subsequent RDD, as described in other studies 
9,21,58

. 397 

There are several limitations in this study. First, although this study included 639 RDD 398 

procedures and a high number of patients, it is a single-center study. In addition, this is 399 

a retrospective study and although the two different protocols were performed in very 400 

similar conditions, it was not randomized. Also, due to the observational design, the use 401 

of premedication was not standardized. Finally, only a small number of DPT were 402 

performed to establish the definitive diagnosis of DHR.  403 

In conclusion, rapid drug desensitization with 1DP to CMT and BA seems safe, 404 

effective, and well tolerated in a selected population of patients. Moreover, 1DP reduces 405 
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the time required for RDD and simplifies the logistics. Further studies are needed to 406 

validate its use in high-risk patients as well as in other patient cohorts. 407 
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  (NCI-CTCAE), National Cancer Institute Common Terminology Criteria for Adverse Events.  604 

 CLASSIFICATIONS OF THE INITIAL REACTIONS  

 BROWN NCI-CTCAE v.5  

DRUG Grade I Grade II Grade III Grade I Grade II Grade III Grade IV Grade 

V 

TOTAL 

Agalsidase-Beta 0 0 1 0 0 1 0 0 1 

Cetuximab 1 5 1 2 4 1 0 0 7 

Cyclophosphamide 1 0 0 0 1 0 0 0 1 

Docetaxel 1 5 0 1 3 2 0 0 6 

Doxorrubicine 3 3 0 2 3 1 0 0 6 

Etoposide 0 2 0 0 2 0 0 0 2 

Carboplatin 22 13 15 18 4 26 2 0 50 

Oxaliplatin 17 4 1 15 2 5 0 0 22 

Cisplatin 0 1 2 0 0 3 0 0 3 

Paclitaxel 5 18 10 4 14 15 0 0 33 

Irinotecan 4 2 0 3 2 1 0 0 6 

Nivolumab 0 1 0 0 1 0 0 0 1 

Obinutuzumab 0 0 1 0 0 1 0 0 1 

Rituximab 2 9 3 2 6 6 0 0 14 

Trastuzumab 0 4 0 0 3 1 0 0 4 

Total (%) 56 

(35.68%) 

67 

(42.67%) 

34 

(21.65%

) 

47 

(30%) 

45 

(28.7%) 

63 

(40%) 

2 (1.3%) 0 157 

Table I: Distribution of initial hypersensitivity reactions according to Brown’s and NCI-CTCAE v.5 

classification of 157 patients desensitized. 
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Table II: Skin test concentrations used during allergological work-up. 605 

Agent Skin prick test Intradermal test 

Carboplatin 10mg/ml 1mg/ml (1:10 dilution) 

Oxaliplatin 5mg/ml 0.5mg/ml (1:10 dilution) 

Cisplatin 1mg/ml 0.1mg/ml (1:10 dilution) 

Docetaxel 10mg/ml 1mg/ml (1:10 dilution) 

Paclitaxel 6mg/ml 0.6mg/ml (1:10 dilution) 

Rituximab 10mg/ml 1mg/ml (1:10 dilution) 

Cetuximab 5mg/ml 5mg/ml 

Trastuzumab 21mg/ml 2.1mg/ml (1:10 dilution) 

Nivolumab NA (1:1 dilution) NA (1:100 and 1:10 

dilution) 

Obinutuzumab NA (1:1 dilution) NA (1:100 and 1:10 

dilution) 

Cyclophosphamide 10mg/ml 1mg/ml 1mg/ml (1:10 

dilution) 

Doxorrubicine ND (vesicant) ND (vesicant) 

Etoposide 20mg/ml 2mg/ml 

Irinotecan 2mg/ml 0.2mg/ml 1mg/ml (1/10 

dilution) 

Agalsidase-Beta NA (1:1 dilution) NA (1:100 and 1:10 

dilution) 

 NA,Concentration not available; ND Not done606 
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Table III: Comparison of two protocols for Carboplatin desensitization. 607 

Table IIIA) 3-bag, 10-step protocol (dosing 771 mg of carboplatin diluted at three 608 

different concentrations) using a high-precision automatic pump (Infusomat
TM

 Space, 609 

Braun, Germany). 610 

Total dose 771mg Solution 

concentration 

Total dose in each 

solution (mg) 

Drug 

Solution A 250 ml 0.016 mg/ml 4.0 Carboplatin 

Solution B 250 ml 0.160 mg/ml 40.0 Carboplatin 
Solution C 603 ml 1.22 mg/ml 740.15 Carboplatin 

 611 

  612 

Step Solution Rate  

(ml/h) 

Administered  

volume (ml) 

Time 

(min) 

Administered  

dose (mg) 

Cumulative 

dose infused 

(mg) 

1 A 100 25 15 0.4 0.4 

2 A 200 50 15 0.8 1.2 

3 A 400 100 15 1.6 2.8 

4 B 100 25 15 4 6.8 

5 B 200 50 15 8 14.8 

6 B 400 100 15 16 30.8 

7 C 100 25 15 30.5 61.3 

8 C 200 50 15 61 122.3 

9 C 400 100 15 122 244.3 

10 C 500 428 51 522.16 766.46 
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Table IIIB) A non-diluted one bag protocol, with 10 steps (dosing 473 mg of 613 

carboplatin diluted in 549 ml of volume, 0.86mg/ml) using a high-precision automatic 614 

pump (Infusomat
TM

 Space, Braun, Germany). 615 

 616 

  617 

Step Rate  

(ml/h) 

Administered volume 

(ml) 

Time 

(min) 

Administered dose  

(mg) 

Cumulative dose infused  

(mg) 

1 0.6 0.15 15 0.129 0.129 

2 1.2 0.3 15 0.258 0.387 

3 2.4 0.6 15 0.516 0.903 

4 4.8 1.2 15 1.032 1.935 

5 9.6 2.4 15 2.064 3.999 

6 19.2 4.8 15 4.128 8.127 

7 38.4 9.6 15 8.256 16.383 

8 76.8 19.2 15 16.512 32.895 

9 153.6 38.4 15 33.024 65.919 

10 307.2 76.8 15 66.048 131.967 

11 558 395.55 43 340.173 472.14 Jo
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Table IV: Skin tests results of all patients and drug provocation tests results from the 618 

patients who met criteria to undergo a challenge test. 619 

 620 

Drug Skin Test 

N (% of positive) 

Drug provocation Test 

N (% of positive) 

Agalsidasa-Beta 1 (0%) 1 (100%) 

Cetuximab 7 (14.3%) 3 (0%) 

Cyclophosphamide 1 (100%) ND 

Docetaxel 6 (16.6%) ND 

Doxorrubicine ND 2 (0%) 

Etoposide 2 (0%) ND 

Carboplatin 50 (70%) 5 (20%) 

Oxaliplatin 22 (81.8%) 4 (50%) 

Cisplatin 3 (100%) 3 (33.3%) 

Paclitaxel 33 (12.1%) 4 (25%) 

Irinotecan 6 (66.6%) 3 (33.3%) 

Nivolumab 1 (0%) ND 

Obinutuzumab 1 (0%) ND 

Rituximab 14 (21.4%) 1 (100%) 

Trastuzumab 4 (0%) 2 (0%) 

Bentuximab 1 (0%) 1 (0%) 

 621 

N, number of patients who met criteria for RDD; ND, not done  622 
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Table V: Distribution of total number of desensitizations procedures and type of rapid 623 

drug desensitization (one-bag or three-bag dilution) each patient received according to 624 

type of drug. 625 

Type of Drug Patients 

(n) 

Rapid drug 

Desensitization 

procedures 

Three-bag 

dilution 

(number of 

patients) 

One-bag dilution 

(number of 

patients) 

Agalsidasa-Beta 1 1 0 1 

Cetuximab 7 30 2 5 

Cyclophosphamide 1 3 1 0 

Docetaxel 6 39 1 5 

Doxorrubicine 6 26 0 6 

Etoposide 2 5 1 1 

Carboplatin 50 150 18 32 

Oxaliplatin 22 93 8 14 

Cisplatin 3 6 1 2 

Paclitaxel 33 134 12 21 

Irinotecan 6 86 2 4 

Nivolumab 1 2 1 0 

Obinutuzumab 1 2 0 1 

Rituximab 14 31 1 13 

Trastuzumab 4 31 0 4 

Total 157 639 48 109 

  626 
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Figure legends: 627 
 628 

Figure 1: Rapid Drug desensitization’s flowchart in our institution between 2014-2019 629 

using both 3 and 1 dilution protocol. 630 

RDD, rapid drug desensitization; DHRs, drug hypersensitivity reaction; DPT, drug 631 

provocation test; 3DP, Three-bag dilution protocol; 1DP, One-bag dilution protocol. 632 

 633 

Figure 2: The severity of breakthrough reactions during desensitization comparing one 634 

and three-bag dilution procedures.  635 

2a: Overall breakthrough reactions 636 

BTR, Breakthrough reaction. 637 

 638 

2b: Severity of breakthrough reactions according to the dilution protocol followed. 639 

1DP, One-bag dilution protocol; 3DP, Three-bag dilution protocol. 640 

 641 

Figure 3: Severity of breakthrough reactions.  642 

3a: Severity of breakthrough reactions according to the pharmacological group.  643 

 644 

3b: Comparison between the severity of the initial reactions and the breakthrough 645 

reactions in the first RDD according to the pharmacological group and the dilution 646 

protocol followed.  647 

RDD, rapid drug desensitization; BTR, breakthrough reactions. 648 
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