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Abstract Hypersensitivity reactions (HSRs) to chemo-

therapy drugs, such as taxanes and platins, and to mono-

clonal antibodies limit their therapeutic use due to the

severity of some reactions and the fear of inducing a

potentially lethal reaction in highly sensitized patients.

Patients who experience hypersensitivity reactions face the

prospect of abandoning first-line treatment and switching

to a second-line, less effective therapy. Some of these

reactions are mast cell-mediated hypersensitivity reactions,

a subset of which occur through an immunoglobulin (IgE)-

dependent mechanism, and are thus true allergies. Others

involve mast cells without a demonstrable IgE mechanism.

Whether basophils can participate in these reactions has not

been demonstrated. Rapid drug desensitization (RDD) is a

procedure that induces temporary tolerance to a drug,

allowing a medication allergic patient to receive the opti-

mal agent for his or her disease. Through RDD, patients

with IgE and non-IgE HSRs can safely be administered

important medications while minimizing or completely

inhibiting adverse reactions. Due to the clinical expansion

and success of RDD, the molecular mechanisms inducing

the temporary tolerization have been investigated and are

partially understood, allowing for safer and more effective

protocols. This article reviews the current literature on

molecular mechanisms of RDD with an emphasis in our

recent contributions to this field as well as the indications,

methods and outcomes of RDD for taxanes, platins, and

monoclonal antibodies.
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General principles and proposed mechanisms of rapid

drug desensitization

Hypersensitivity reactions to drugs can result in anaphy-

laxis, which is a life-threatening condition linked to IgE

activation of mast cells with subsequent release of pow-

erful preformed inflammatory mediators such as histamine,

arachidonic acid metabolites such as leukotrienes and

prostaglandins, proteases and proteoglycans such as hepa-

rin. These factors participate in the development of classic

symptoms involving cutaneous, respiratory, cardiovascular,

and gastrointestinal systems. In the early phase of mast cell

activation the release of granules mediators is quickly

followed by increased synthesis from membrane arachi-

donic acid of prostaglandins (PGD2) and leukotrienes

(LTC/D4 and LTB4) that have additional roles in clinical

symptoms [1, 2]. During the late phase of mast cell acti-

vation, cytokines such as TNFa and IL-6 are released along
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with chemokines and other factors. Late-phase mast cell

activation contributes to the recruitment of other effector

cells, notably eosinophils, basophils, and Th2 cells, which

contribute significantly to the immunopathology of the

allergic response, the increase in serum IgE, and the

allergic sensitization. IgE sensitization to platins is

increasing in cancer survivors who have been exposed to

multiple courses of chemotherapy, resulting in hypersen-

sitivity reactions upon re-exposure. This can lead to sig-

nificant morbidity and mortality when first-line treatments

cannot be utilized; there is no alternative treatment or

second-line treatments are less effective. The best option in

such cases is to desensitize the patient to the chemotherapy

agent.

Rapid drug desensitization (RDD) is a procedure that

allows for temporary clinical tolerance to a drug, by

administering gradually increasing small doses to complete

the total therapeutic dose of drug allergens [3–5]. IgE-

sensitized patients can present a positive skin test to the

medication, indicating that mast cells (likely through drug

specific IgE) are the main cells responsible for these

reactions. After rapid desensitization, the specific skin test

reactivity is abolished, implying a profound change in mast

cell reactivity with inhibition of the mechanisms that

induced mast cell activation for that specific drug antigen

[6]. Because RDD induces transient unresponsiveness,

patients need to be re-desensitized each time they are

exposed to the allergenic medication.

Currently, there is a considerable interest in the study of

the molecular mechanisms of desensitization to provide

pharmacological targets that will allow safer and effective

desensitizations. Mast cells are key effector cells in IgE-

dependent immediate hypersensitivity because they express

large amounts of a high-affinity tretrameric receptor (FceRI)

for the Fc region of IgE. Multivalent allergen activates mast

cells through binding to IgE and aggregating IgE–FceRI

complexes. FceRI-mediated signaling induces the activation

of Src family tyrosine kinases Lyn and Fyn followed by the

recruitment and activation of tyrosine kinase Syk. Phos-

phorylation of LAT by Syk induces the recruitment and

activation of PLCc, leading to calcium mobilization and

mast cell degranulation [7]. How does RDD induce mast cell

tolerization to antigen? Several mechanisms have been

postulated to explain mast cell unresponsiveness to specific

activating doses of allergen such as the internalization of

FceRI through progressive cross-linking at low antigen

concentration. Subthreshold depletion of mediators and

depletion of activating signal transduction components such

as Syk kinase [8, 9] have also been implicated. Syk-deficient

peripheral blood basophils and lung mast cells failed to

degranulate, suggesting a critical role for Syk in non-specific

desensitizations, but no molecular target has been found for

specific desensitizations.

We have recently investigated the molecular mecha-

nisms underlying specific mast cell desensitization using a

reproducible in vitro model of antigen-specific, rapid mast

cell/IgE desensitization in the presence of physiologic

levels of calcium [10] (Fig. 1). Increasing doses of antigen

delivered at fixed time intervals induced a highly specific

and prolonged hypo-responsiveness to triggering doses of

the desensitizing antigen. Mast cells desensitized to DNP

or OVA antigens demonstrated almost complete inhibition

of b-hexosaminidase and preformed TNF-a release, cal-

cium flux, and arachidonic acid metabolism, suggesting a

complete abolition of the acute phase of mast cell activa-

tion and demonstrating that the subclinical release of

mediators was unlikely during human desensitizations.

Desensitized mast cells did not release significant amounts

of newly generated IL-6 or TNF-a, thus suggesting that

during rapid desensitization patients probably have no risk

of a delayed reaction, due to the lack of late-phase medi-

ators generation. When mast cells were sensitized to both

DNP and OVA antigens, DNP-desensitized cells responded

fully to OVA and vice versa, proving antigen specificity

and providing evidence that the activating signal trans-

duction pathways are intact for a second allergen. There-

fore, the hypothesis that activating signaling molecules are

exhausted during rapid desensitization is not supported.

Importantly, antigen-specific IgE bound to the alpha

chain of FceRI remained at the membrane level after rapid

desensitization, indicating that the lack of reactivity during

desensitization was not due to the disappearance of surface

IgE and FceRI when bound to small doses of antigen

(Fig. 2). Thus, the biochemical mechanism(s) by which

RDD induces specific mast cell tolerance are likely to be

associated with the molecular stabilization of membrane

bound IgE receptors carrying the antigen being desensi-

tized. This in vitro model provided an optimal dose–time

relationship, leading to almost complete abrogation of

early- and late-phase activation events. Because this model

showed the lack of mediators released during rapid

desensitization, it provided the basis for a modified human

rapid desensitization protocol that has been used success-

fully in hundreds of desensitizations, illustrating the pro-

found inhibition of acute and delayed mast cell responses

and the protection against anaphylactic reactions [4, 5].

A universal protocol for human rapid desensitizations

to chemotherapy agents and monoclonal antibodies

Based on the above in vitro mouse mast cell model, the

BWH Desensitization Program produced a 12-step stan-

dard protocol in which unresponsiveness to a triggering

antigen dose was achieved by delivering doubling doses of

antigen at fixed time intervals starting at 1/1,000 to
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1/10,000 the final dose [11]. The protocol is based on 3

solutions administered sequentially starting with the solu-

tion containing a 1/100 dilution, then a 1/10 dilution and a

normal dilution of any chemotherapy agent to which a

patient has presented a hypersensitivity reaction (Table 1).

Patients who have had severe anaphylactic reactions to the

agent of choice or who have reacted early in the standard

12-step desensitization may experience fewer symptoms if

desensitized using a 16-step protocol, which adds another

bag containing a 1/1,000 dilution of the full concentration.

The use of a 16-step (4 bags) or 20-step (5 bags) protocol is

reserved for high-risk patients (see below). Before desen-

sitization, each patient is evaluated for suitability as a

candidate for rapid desensitization (Fig. 3), including an

in-depth historical analysis of the patient’s HSR, skin

testing when available, design and testing of an initial

desensitization protocol, and adjustment of this protocol

based on the patient’s response to the first desensitization.

Risk stratification is paramount to the allergy evaluation.

High-risk patients are considered the ones with a severe

initial reaction involving hypotension, oxygen desaturation,

cardiovascular collapse or high cardiac risk, and on beta

blockers. Beta blockers and ACE inhibitors are risk factors

for poor response to epinephrine during the treatment for

anaphylaxis and should be avoided during desensitization.

Patients who are candidates for desensitization are edu-

cated on the procedure, the risks and benefits are explained,

and the risk for anaphylaxis during desensitization is

emphasized. Only trained allergists and nurses trained in

desensitization can perform RDDs. High-risk patients are

desensitized in an intensive care setting.

Rapid desensitization to taxanes

Paclitaxel, docetaxel, and other taxenes are widely used in

the treatment for ovarian, breast, non-small-cell lung and

other solid tumors. Hypersensitivity reactions to taxanes

are common: in early trials of paclitaxel, up to 30 % of

patients developed acute infusion reactions and premedi-

cation with antihistamines and glucocorticoids as well as

slower infusion rates reduced the rate of severe hypersen-

sitivity reactions to less than 10 % [12–15]. In recent years,

an increase in the proportion of patient presenting HSR has

occurred, some of which are severe and not responsive to

Fig. 1 Rapid desensitization inhibits mast cell responses during

early- and late-phase activation. a % b-hexosaminidase release

induced by rapid desensitization (DNPDes or OVADes) compared to

DNP-HSA or OVA-induced activation (1 ng DNP or 10 ng OVA)

and controls. b Influx of calcium induced by activation and rapid

desensitization when 1 ng of DNP-HSA is added to mast cells.

c Arachidonic acid products LTC4 and LTB4, induced by activation

and rapid desensitization of mast cells (RP-HPLC analysis). d TNF-a
and IL-6 secretion from mast cells during the early (30 min) and late

(4 h) phase of mast cell activation and rapid desensitization. Adapted

from Sancho-Serra et al. [10]
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premedications. Similarly, approximately 30 % of patients

receiving docetaxel without premedication developed acute

hypersensitivity reactions, and premedication reduces this

rate to less than 10 % [16] but similar to paclitaxel, there is

an increase in docetaxel reactive patients in recent years.

Acute hypersensitivity reactions to taxanes are charac-

terized by dyspnea, urticaria, flushing, back or chest severe

pain, gastrointestinal symptoms, hypo- or hypertension,

and urticaria or erythematous rashes (Fig. 4). Symptoms

typically develop within the first few minutes of the infu-

sion and most often occur on the first or second exposure to

the drug [14, 17]. The mechanisms of taxane infusion

reactions are not completely understood and may be mul-

tifactorial. Proposed mechanisms include complement

activation, direct mast cell and/or basophil activation, and

IgE-mediated anaphylaxis and tryptase levels, a product of

mast cell degranulation as been found elevated in serum of

reactive patients shortly after the reaction [18]. Taxane

reactions are unlikely to be due solely to an IgE response,

because a majority of reactions (56 % in one study) occur

with the first exposure to paclitaxel, without IgE sensiti-

zation [17]. There is evidence that both the taxane moiety

itself and the vehicles in which these lipophilic agents are

solubilized can contribute to infusion reactions. Specifi-

cally, paclitaxel is stabilized with Cremophor, which is

derived from castor oil and is also used as the vehicle for

other drugs, such as cyclosporine and vitamin K, which

have been associated with similar adverse reactions

Fig. 2 Simplified cartoon

comparing activation and

desensitization outcomes as

well as a possible explanation of

how rapid desensitization works

and the re-arrangement of the

FceRI receptors at the cell

membrane
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[17, 19–22]. Actually, Cremophor has been described as

producing acute hypersensitivity reactions that do not

involve IgE but arises from activation of complement

system. It activates complement through both the classical

and alternative pathways, giving rise to C3a and C5a

anaphylatoxins that trigger mast cells and basophils for

secretory response that underlies HSRs [22, 23]. Thus,

Cremophor could account, at least in part, for the adverse

reactions induced by paclitaxel. However, it is important to

mention that an albumin-based formulation of paclitaxel,

devoid of Cremophor, has also been implicated in hyper-

sensitivity reactions, providing evidence for taxane moiety-

based hypersensitivity reactions. Delayed reactions to

taxanes presenting as erythematous rashes up to 10 days

after the taxane infusion can lead to IgE sensitization and

severe HSR upon re-exposure even in the presence of

premedication. Patients presenting such reactions should be

evaluated for rapid desensitization.

Rapid Desensitization to taxanes has been done by

others and us with great success. In a series of 17 patients

who underwent a total of 77 desensitizations to paclitaxel

or docetaxel, 72 desensitizations occurred without reac-

tions. Four patients had a total of 5 reactions during

desensitization, all of which were much less severe than

their original reactions. On the other hand, 5 patients who

underwent re-challenge (i.e., re-administration of the cul-

prit taxane by regular infusion) prior to desensitization

experienced recurrent reactions, despite additional pre-

medication and a reduced infusion rate [24]. In our series

of 98 patients undergoing a total of 413 desensitizations to

various chemotherapeutic agents, the majority of desensi-

tizations had mild or no reactions, and most reactions

occurred during the final, most concentrated solution and

specifically during the last step of the protocol [4].

Table 1 A protocol consisting

of 3 tenfold increasing solutions

and 12 steps is used as the

standard desensitization

protocol at the Brigham and

Women’s Hospital

Desensitization Program in

Boston Lee et al. [6]

* The sum of doses in the

solutions A, B, and C equals

555 mg. Total dose infused is

500 mg

Total dose 500 mg Solution

concentration (mg/ml)

Total dose in

each solution (mg)

Solution A 250 ml 0.02 5.0*

Solution B 250 ml 0.20 50.0*

Solution C 250 ml 2.00 500.0*

Step Solution Rate

(ml/h)

Time (min) Administered

dose (mg)

Cumulative dose

infused

1 A 2 15 0.010 0.010

2 A 5 15 0.025 0.035

3 A 10 15 0.050 0.085

4 A 20 15 0.100 0.185

5 B 5 15 0.250 0.435

6 B 10 15 0.500 0.935

7 B 20 15 1.000 1.935

8 B 40 15 2.000 3.935

9 C 10 15 5.000 8.935

10 C 20 15 10.000 18.935

11 C 40 15 20.000 38.935

12 C 75 184.4 461.065 500.000

Total

time = 5.82 h

Total dose infused

= 500 mg*

Fig. 3 Evaluation of patients with hypersensitivity reactions to

medications as potential candidates for rapid desensitization (Brennan

et al. [40])
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Rapid desensitization to platins

Platinum-containing compounds are the first line of therapy

for the treatment for ovarian cancer and other solid

malignancies. Cisplatin was the first to be used, but due to

relatively low toxicity the second-generation carboplatin

has been more popular and widely used in the past decade

[25]. The third-generation platinum oxaliplatin is first-line

therapy for the treatment for metastatic colorectal cancer.

As the use of platinum-containing compounds has

increased, there has been a dramatic increase in the inci-

dence of HSRs: cisplatin hypersensitivity varies from 5 to

20 %, carboplatin from 9 to 27 %, and oxaliplatin from 10

to 19 % [26–28]. Unlike the taxanes, repeated exposures

are typically required prior to the onset of hypersensitivity

to platins. In one study, 50 % of the initial HSRs to a platin

occurred during the eighth course [29]. Likewise, we found

that 40 out of 55 patients with carboplatin HSRs reacted

between the 7th to the 10th exposure [4]. Cisplatin and

oxaliplatin have similar characteristics in that reactions

mostly occur between the 4th and the 8th course or after the

6th exposure, respectively [28].

The characteristics of HSRs to platinum agents are

typical symptoms of IgE/mast cell-mediated hypersensi-

tivity reactions and can range from cutaneous symptoms,

notably palmar or facial flushing to shortness of breath,

nausea, vomiting, and diarrhea, and patients may progress

to severe reactions with cardiac arrest and deaths have been

reported [4] (Fig. 4). In our report of 413 desensitizations,

of the 60 patients who had carboplatin HSR, 100 % had

cutaneous symptoms, 57 % had cardiovascular symptoms,

40 % had respiratory symptoms, and 42 % had gastroin-

testinal manifestations [4].

Oxaliplatin HSRs are often similar to those seen in

response to carboplatin and cisplatin, but there have been

fewer reports of severe anaphylaxis. However, in contrast

to carboplatin, respiratory symptoms are common, and

other reactions such as Gell and Coombs type II–mediated

thrombocytopenia and Gell and Coombs type III immune

complex–mediated symptoms of chronic urticaria have

been reported in response to oxaliplatin [30–32]. Idiosyn-

cratic reactions to oxaliplatin, including cytokine release

syndrome and pulmonary fibrosis, make adverse responses

to oxaliplatin heterogeneous and unpredictable [28, 30, 33].

There is a well-recognized association between the

interval of carboplatin-free period and the risk of HSR,

especially a severe reaction. Schwartz et al. [34] in a study

looking at 126 patients with HSR to carboplatin noted that

the risk of severe reactions was 47 % if the platinum-free

interval was [24 months, versus only 6.5 % if it was

\12 months. All 8 patients receiving their third carboplatin

regimen had severe reactions.

Skin testing has been used to predict platinum hyper-

sensitivity. We skin tested 60 patients referred for previous

HSRs to carboplatin. Of these, 53 were skin test positive.

Of the 7 with negative skin tests, 2 patients converted to

positive skin tests after several infusions, one skin test was

considered delayed positive, and 4 patients experienced

hypersensitivity reactions during infusion [4]. Hesterberg

et al. [35] published a report of 38 women with carboplatin

HSR who were skin tested and desensitized. Thirteen

patients were skin test negative to carboplatin, and 7 of

Fig. 4 Symptoms of

hypersensitivity to

chemotherapy agents:

carboplatin and paclitaxel

(Castells et al. [4])
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those patients had reactions during a ‘‘rapid desensitization

protocol’’ other than the 12-step Brigham and Women’s

rapid desensitization protocol. Interestingly, they found

that when dividing the negative skin test group using the

time from the HSR to skin testing, those with recent history

of HSR (\3 mo) and negative skin tests did not react,

whereas all 7 of the reactors had remote history of HSR

([9 mo). Of note, this group uses a maximum carboplatin

skin test dose of 3 mg/ml, while our group uses 10 mg/ml.

Evaluation of patients with hypersensitivity to a plati-

num-containing compound and/or with a positive skin test

determines discontinuation of the agent or re-administra-

tion through rapid desensitization. Other treatment options

such as the re-administration with increased premedication

have not been validated for safety in comprehensive studies

and deaths have been reported. The decision to change to a

different platinum drug must be considered if the efficacy

is similar based on the cancer sensitivity. Polyzos et al. [36]

reported a series of 32 patients re-challenged with carbo-

platin after HSRs. Four of the 20 patients with mild reac-

tions again had erythema but were able to finish the

medication infusions. However, 12 patients with initial

severe reactions including hyper- or hypotension were

unable to complete subsequent carboplatin infusions

despite the prophylaxis. Interestingly, in this report 4 of the

12 were switched to cisplatin and tolerated infusions, but

the true incidence of cross-reactivity among platinum-

based chemotherapeutic agents is not known. Attempts to

circumvent a reaction by switching to another platinum-

based chemotherapeutic can be dangerous, as exemplified

by Dizon et al. [37] who reported the death of one patient

due to anaphylaxis in a series of 7 patients switched from

carboplatin to cisplatin. Severe hypersensitivity reactions

are not a contraindication for rapid desensitization with the

Brigham and Women’s rapid desensitization protocol

based on several hundred cases.

Rapid desensitization to monoclonal antibodies

Monoclonal antibodies are generally well-tolerated treat-

ments for a broad array of diseases, including malignancies

and chronic inflammatory conditions, but due to prolonged

exposure and repeated treatments, more patients have been

reported to experience HSR in the last 5 years. Patients

experiencing acute HSR following administration of these

drugs present symptoms such as shaking chills, fever, rash,

pruritus, flushing, shortness of breath, wheezing, back or

chest pain, nausea, vomiting, hypotension, and severe life-

threatening anaphylaxis [38]. In addition, administration of

monoclonal antibodies can cause other HSRs such as drug-

induced immune thrombocytopenia (which can be attributed

to type II HRS), serum sickness (which represents a type III

HRS), and T cell-dependent responses (type IV HSR) [39].

The rates of HSRs clinically consistent with immediate

hypersensitivity to specific monoclonal antibodies have

been reported to be 5–10 % for rituximab, 2–3 % for inf-

liximab, and 0.6–5 % for trastuzumab [40]. Immediate

HSRs have also been reported for omalizumab, natal-

izumab, basiliximab, abciximab, and cetuximab. Almost

70 % of initial HSRs to monoclonal antibodies include a

cutaneous component, the most frequently observed type of

reaction overall, followed by cardiovascular, respiratory,

and throat tightness [38]. The intensity of reactions to

monoclonal antibodies infusions is variable. Recent studies

have reported that 26 % of initial reactions are mild, 48 %

are moderate, and 26 % are severe [40].

Patients with a history suggestive of a mast cell, possi-

bly IgE-mediated HSR should be skin tested with the

offending agent to provide evidence of the IgE/mast cell

sensitization and the potential for anaphylaxis if re-exposed

to the medication [6]. HSRs can be mild, moderate, or

severe [41]. Signs and symptoms of HSRs are classified as

cutaneous (flushing, pruritus, urticaria, and angioedema),

cardiovascular (chest pain, tachycardia, sense of impending

doom, presyncope, syncope, and hypotension), respiratory

(dyspnea, wheezing, and oxygen desaturation), throat

tightness, gastrointestinal (nausea, vomiting, diarrhea, and

abdominal pain), neurological/muscular (vision distur-

bances, back and neck pain, and numbness/weakness), and

fever/chills [41].

Protocols for monoclonal antibodies are the same as for

platins and taxanes, and we use the 12 steps, 3 bags pro-

tocol for all monoclonal-induced HSR. A minority of

patients experience HSRs during RDD. In general, these

reactions are less intense than the patient’s original reac-

tion. Treatment for such HSRs is aimed at blocking mast

cell mediators including histamine, prostaglandins, and

leukotrienes [40]. In the event of a reaction during RDD,

the infusion is promptly held and the reaction treated. Once

the reaction resolves, the protocol can be resumed and

completed.

Safety and efficacy of rapid desensitizations

for the treatment for hypersensitivity reactions

to chemotherapy drugs and therapeutic monoclonal

antibodies

In 2008, our group reported the largest case series of rapid

desensitizations, in which 98 patients with HSRs to che-

motherapy underwent 413 desensitizations [4]. In this

series, 67 % of desensitizations proceeded without HSR,

and 27 % had only mild reactions (classified as absence of

chest pain, changes in blood pressure, dyspnea, oxygen

desaturation, or throat tightness), even though 77 % of

patients had experienced a severe initial HSR. The
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remaining 6 % of desensitizations were characterized by

severe HSRs; however, epinephrine was only administered

during one of the desensitizations, and there were no

transfers to a more acute-care setting, intubations, or

deaths. All patients in the case series were able to receive

their full target dose.

We subsequently published a case series of 105 desen-

sitizations to monoclonal antibodies in 23 patients [40].

Seventy-four percent of the initial HSRs were moderate to

severe. During desensitization, reactions were observed in

29 % of desensitizations and 90 % of these were mild.

Antibiotic desensitization using our protocol is also

exceedingly safe [42]: in our case series of 52 antibiotic

desensitizations in 15 patients with cystic fibrosis (and a

mean FEV1 of 44.1 % of predicted), 96.2 % of desensiti-

zations were completed without severe adverse events. One

patient did develop severe acute respiratory failure

requiring intubation; however, this was felt to be secondary

to worsening pulmonary infection and not a manifestation

of a severe HSR during his desensitizations. All desensi-

tizations in these series were completed, suggesting that

even markedly impaired baseline lung function is not a

contraindication to rapid desensitization.

Reactions during desensitization

In our experience, reactions during desensitization manifest

as a wide range of symptoms that replicate the symptoms

presented by the patient during the initial hypersensitivity

reaction but typically with less severity, as if turning a dial

down from a 10 during the initial reaction to a 1–2 during

desensitization [40]. Cutaneous reactions may include

flushing, pruritus, urticaria, and angioedema. More severe

reactions may encompass cardiovascular manifestations,

such as chest pain, tachycardia, a sense of impending

doom, presyncope, syncope and hypotension, as well as

respiratory symptoms, including sneezing, nasal conges-

tion, dyspnea, coughing, wheezing, and oxygen desatura-

tion. Severe reactions may also be characterized by throat

tightness or gastrointestinal complaints, including nausea,

vomiting, diarrhea, and abdominal pain. Less common

signs and symptoms may include neuromuscular symp-

toms, such as visual changes, back and neck pain, and

numbness/weakness, or, in some cases, fever and chills.

In our 2008 case series of 413 desensitizations in 98

patients, there were a total of 180 reactions, all of which

subsided when the infusion was paused and treated

appropriately [4]. The majority of reactions (75 %)

occurred during infusion of solution 3, and 51 % of reac-

tions occurred during Step 12 of the desensitization pro-

tocol. In our monoclonal antibody case series, in which a

similar rate of reactions was reported (29 %), cutaneous

reactions were the most common and, again, the majority

of reactions (70 %) occurred during Step 12. Our approach

to treating reactions during desensitization is aimed at

blocking local and systemic effects of mast cell mediators,

including histamine, prostaglandins, and leukotrienes [40].

At our institution, all reactions during desensitization

are treated by pausing the infusion and by administering

diphenhydramine or hydroxyzine (25–50 mg administered

intravenously) and/or ranitidine (50 mg intravenously). For

severe reactions, methylprednisolone sodium succinate

(0.5 mg/kg administered intravenously) has been used.

Epinephrine, 0.3 ml (1 mg/ml) should at the bedside for

hypotension or desaturation. On resolution of the reaction,

we restart the protocol from the step at which it had been

paused. For patients who react during a prior desensitiza-

tion [40], additional premedications prior to the start of the

protocol or between specific steps during desensitization is

the common approach. Most commonly, these are H1 and

sometimes H2 blockers and/or methylprednisolone. These

are generally added at least one full step before the point at

which the reaction occurred. Protocol modification

involves adding or lengthening steps before the step at

which a reaction has occurred, and this approach is

appropriate when a patient reacts despite the additional

premedications.

A subset of patients may continue to react during

desensitization despite the protocol modification and

addition of high-dose histamine receptor blockade and

corticosteroids. In another case series, we prophylacti-

cally treated these patients with oral acetylsalicylic acid

(325 mg) and oral montelukast (10 mg) and were able to

successfully treat those patients with refractory mast cell

mediator-related symptoms during rapid desensitization

[43]. In this study, 78 desensitizations were performed in

14 patients with HSR to platinum chemotherapy that had

cutaneous symptoms, many also with associated systemic

reactions, during rapid desensitization. Pretreatment with

ASA and montelukast 2 days before and on the day of

RDD allowed 86 % of the patients to tolerate subsequent

desensitizations with a less severe or no HSR (Fig. 5).

Interestingly, only 62 % of patients in a control group

that received adjunctive methylprednisolone premedica-

tion were able to tolerate further desensitizations with a

less severe or with no reaction. The greatest benefit of

ASA/montelukast pretreatment was seen in patients with

skin and respiratory symptoms, suggesting a dominant

role for prostaglandins and leukotrienes in these mani-

festations of HSR to platinum chemotherapies. We have

subsequently also treated patients with only one dose of

ASA/montelukast 60 min prior to RDD, expanded this

treatment for use during monoclonal antibody and anti-

biotic desensitization, and successfully blocked refrac-

tory skin and systemic reactions using this regimen

[40, 42].
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Conclusions

Rapid desensitization has proven to be a safe and effective

way to allow patients with hypersensitivity reactions to be

treated with their first-line chemotherapy agents and

monoclonal antibodies. This has permitted an improved

quality of life and possibly a prolonged survival. Variability

in the success rates of desensitization is believed to be due

to heterogeneity of methods and protocols. With the 12-step

rapid desensitization protocol from the Brigham and

Women’s Desensitization Program over the past 10 years,

more than 99.9 % of nearly 800 patients have received the

full dose of their first-line medication in thousands of

desensitizations to a wide variety of agents with no deaths.

Although the molecular basis of rapid desensitizations is not

completely understood, an in vitro mast cell model has

provided evidence of profound inhibitory mechanisms of

mast cell activation during desensitization, which correlates

with the remarkable success of the desensitization protocols

when used by trained allergists. These safety and efficacy

outcomes provide grounds for the continued and expanded

use of this approach for all patients for whom drug hyper-

sensitivity would prevent the administration of first-line

pharmacologic therapy.

Markedly reduced rate of reactions over multiple suc-

cessive desensitizations has been observed, which could

indicate the appearance of true tolerance due to repeated

drug allergen exposures through desensitization as in

allergen immunotherapy [4, 40]. Whether there is an

increase in IL-10 or regulatory specific T cells in peripheral

blood of desensitized patients is not known. Research is

needed to increase insight into the mechanisms of rapid

desensitization for the development of pharmacological

therapeutic targets.
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