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Abstract: 32 

Background: Oxaliplatin causes a wider variety of immediate hypersensitivity reactions than 33 

other platin-based chemotherapeutics. Some resemble Type I reactions that respond to 34 

desensitization. Others are atypical, possibly mast cell-independent Cytokine Release Reactions 35 

refractory to desensitization. Given this variability, clinicians need an evidence-based strategy to 36 

personalize therapy for oxaliplatin hypersensitive patients. 37 

Objective: We developed a data-driven algorithm to optimize treatment of oxaliplatin 38 

hypersensitive patients.  39 

Methods: We retrospectively analyzed the baseline clinical characteristics, biomarkers, and 40 

reactions of 48 oxaliplatin hypersensitive patients who received a total of 266 oxaliplatin 41 

desensitizations. 42 

Results: We characterized four endophenotypes: Type I, Cytokine Release, Mixed, and Either. A 43 

mean 40-fold increase in serum concentration of Interleukin 6 helped define the Cytokine 44 

Release endophenotype. Younger patients were more likely to have a Cytokine Release 45 

endophenotype, while older patients were more likely to have a Type I reaction. Skin testing was 46 

not informative for determining endophenotype or risk of reaction during desensitization, and did 47 

not associate with initial or desensitization grade of reaction. Patients with a history of atopy and 48 

an initial Type I reaction responded to desensitization with antihistamine premedications, while 49 

nonatopic patients with the same initial reaction phenotype were more likely to convert to a 50 

Cytokine Release or Mixed reaction during desensitization. We combined these reaction patterns 51 

with biomarker data and desensitization outcomes to construct an algorithm that helps tailor 52 

desensitization protocol design to meet individual patient needs. 53 



Conclusion: Endophenotyping oxaliplatin hypersensitivity reactions may help forecast 54 

desensitization outcomes and personalize treatment plans.  55 

 56 

Highlights Box: 57 

What is already known about this topic? Oxaliplatin is known to cause a variety of 58 

hypersensitivity reactions (HSRs). 59 

What does this article add to our knowledge? Endophenotyping of oxaliplatin induced HSRs 60 

may help predict response to rapid drug desensitization (RDD). 61 

How does this study impact current management guidelines? The article's endophenotype-62 

based management algorithm may allow for improved personalized treatment for oxaliplatin 63 

allergic patients undergoing RDD. 64 

 65 
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Abbreviations used: 70 

ADR – Adverse drug reaction 71 

AGEP – Acute generalized exanthematous pustulosis  72 

CRR – Cytokine release reaction 73 

DRESS – Drug eruption with eosinophilia and systemic symptoms 74 

HSR – Hypersensitivity reaction  75 

IL-6 – Interleukin 6 76 

RDD – Rapid drug desensitization 77 

SJS – Stevens-Johnson syndrome 78 

ST – Skin test 79 



TEN – Toxic epidermal necrolysis 80 

  81 



Drug hypersensitivity reactions (HSRs) prevent patients from receiving life-saving 82 

therapies. While rapid drug desensitization (RDD) can circumvent some reactions, allowing 83 

patients to remain on first line therapy, it is not always successful. Allergists caring for patients 84 

with drug-induced HSRs need to determine the appropriateness of RDD by estimating pretest 85 

probabilities that the procedure will succeed, forecast various desensitization reactions, and 86 

strategize how to modify premedication regimens or other aspects of an RDD protocol on an 87 

individual patient basis should that patient experience a reaction during or shortly after RDD 1–5. 88 

Endophenotyping is a classification system that describes disease variants in terms of 89 

their molecular mechanisms, distinct clinical features, and treatment responses.6,7 90 

Endophenotyping promotes better understanding of complex, heterogenous diseases such as 91 

asthma, idiopathic pulmonary fibrosis, chronic recurrent sinusitis, and colorectal cancer, 92 

allowing for personalized disease diagnosis, prognosis, and management7–12
.  To our knowledge, 93 

research about drug hypersensitivity has used endophenotyping in only a limited capacity for 94 

monoclonal antibodies but not for other chemotherapeutic agents such as platins 5. 95 

Endophenotyping can provide valuable new insights into drug HSRs, potentially predicting the 96 

likelihood of reacting during RDD and allowing for personalization of RDD protocols. 97 

Patients allergic to chemotherapeutic drugs typically need repeated desensitizations over 98 

the long term because of the intermittent dosing schedules of these agents.1,3–5,13–16 Although 99 

RDD is safe and effective,1,3 varying HSRs may occur during desensitization and necessitate 100 

modifications in real-time and thoughtful tailoring of subsequent protocols to circumvent 101 

reactions 5,16 We hypothesized that endophenotyping would help characterize and mitigate 102 

desensitization reactivity.  103 



Oxaliplatin (C8H14N2O4Pt) is a diaminocyclohexane, third generation platinum agent 104 

indicated for first-line and adjuvant treatment of metastatic colorectal cancer17. Oxaliplatin 105 

treated patients have a rate of HSRs varying from 10% to 19%, with severe (grade 3–4) reactions 106 

occurring in 0.5–2 % of cases 1,3,18–22. Oxaliplatin HSRs are heterogenous, and RDD is generally 107 

effective1,16,23. We used oxaliplatin HSRs in patients with colorectal cancer as a model of 108 

endophenotyping. 109 

 110 

Here we propose a framework for endophenotyping oxaliplatin HSRs using clinical, skin 111 

test, and laboratory data. We followed a two-step process to develop HSR endophenotypes: first, 112 

we classified initial and desensitization-associated HSRs into three proposed symptomatic 113 

endophenotypes; second, we used patient characteristics and biomarker data (serum tryptase and 114 

IL-6 concentrations) to further develop the proposed categories. Guided by our observations, 115 

data, and clinical experience, we developed an algorithmic approach toward personalized 116 

management of oxaliplatin HSRs. 117 

 118 

METHODS 119 

Patient selection 120 

Patients received RDD as part of standard of care at the Drug Hypersensitivity and 121 

Desensitization Center at Brigham and Women’s Hospital and Dana Farber Cancer Institute. All 122 

patients who received desensitization to oxaliplatin from January 2014 to July 2017 were 123 

included. The study was approved by the Brigham and Women’s Hospital institutional review 124 

board (protocol number 2016P001276). 125 



Patients with severe skin reactions consistent with Drug Eruption with Eosinophilia and 126 

Systemic Symptoms (DRESS), Acute Generalized Exanthematous Pustulosis (AGEP), Stevens-127 

Johnson syndrome (SJS), or Toxic Epidermal Necrolysis (TEN) were excluded, due to the high 128 

risk of recurrence of a severe reaction which could be fatal upon re-exposure 
24,25,26.  129 

 130 

Classification of type and severity of HSRs 131 

Initial reaction and desensitization symptoms were classified as most consistent with a 132 

classic mast cell mediated Type 1 reaction (Type I), Cytokine Release reaction (CRR), or Either 133 

(a symptom consistent with either a Type I or a CRR). Initial and desensitization reactions were 134 

classified as Type 1 if they involved only Type I symptoms or (Type I + Either) symptoms; CRR 135 

if they involved only CRR symptoms or (CRR + Either) symptoms; Mixed if they involved any 136 

combination of at least one Type I symptom and one CRR symptom, regardless of whether there 137 

were also Either symptoms; and Either if they involved only Either symptoms. We thus had three 138 

symptom categories (Type I, CRR, and Either) and four reaction categories (i.e., 139 

Endophenotypes, namely Type I, CRR, Mixed, and Either). Symptoms classification was based 140 

upon literature review5,27,28 , independent review from allergist-immunologists at outside 141 

institutions and expert opinion from the Brigham and Women’s Hospital drug allergy and 142 

desensitization team (Figure 1). We classified symptoms phenotypically. To limit institutional 143 

bias, we submitted the list of reaction symptoms to HSR experts at several academic medical 144 

centers and asked them to classify each symptom as most consistent with a Type I, CRR, or an 145 

Either HSR (Table E1). The symptom classification shown in Figure 1A reflects the consensus 146 

of the data-blinded experts as well our own and current literature27. To create the clearest 147 

phenotypes, we used only those symptoms that we and the outside experts considered the most 148 



salient and classic for a given reaction, while we assigned other symptoms to the Either category. 149 

Thus, for example, urticaria and wheezing are Type I symptoms, fever and rigors are CRR 150 

symptoms, and dyspnea and chest tightness are Either symptoms. This left more symptoms 151 

classified as Either than in previously published endophenotyping studies 5.  HSR severity was 152 

classified per Brown’s HSR grading system29.  153 

 154 

Skin testing 155 

All but one patient underwent skin testing to oxaliplatin with prick testing at 5mg/mL, 156 

and intradermal tests at 0.5mg/mL and 5mg/mL. Skin tests were performed at least 2 weeks after 157 

the initial HSR to minimize false negative results. A positive reaction was defined as a wheal 158 

with a diameter at least 3 mm larger than that produced by a negative control (normal saline). 159 

Histamine skin prick testing (10 mg/mL) was used as a positive control. 160 

 161 

Desensitization protocols and treatment of reactions 162 

The sensitivity of skin testing to oxaliplatin is not known and therefore desensitization 163 

was offered to patients with or without positive skin testing, regardless of the severity of the 164 

initial HSR. Protocols consisted of 3 bag/12 step or 4 bag/16 step regimens, with a 2-2.5-fold 165 

drug dose increase between consecutive steps, delivered in 15 minute increments, except for the 166 

last step, which was prolonged to achieve the target dose at a rate of 80 mL/h - 125 ml/h until the 167 

infusion was completed 1,3,16,23,30. 168 

Cetirizine (10 mg orally) and famotidine (20 to 40 mg orally or intravenously) were 169 

administered to all patients as RDD standard of care premedications. Aspirin and montelukast 170 

were used as prophylaxis if patients had experienced flushing or bronchospasm. COX-1 171 



inhibitors, acetaminophen, corticosteroids, and opioids were used to prevent chills, rigors, fever, 172 

and pain1,3,5. Patients were asked to hold beta-adrenergic antagonist medications for 24 hours 173 

before desensitization. Premedication was administered 30 minutes prior to the initiation of RDD 174 

and between steps if breakthrough reactions had occurred during previous RDDs. If a reaction 175 

occurred during desensitization, the infusion was paused and medications were administered 176 

according to symptoms. Once the reaction resolved, the infusion was resumed at the step where 177 

it was suspended. 1,3 As noted in the results (see Figure 2), two patients experienced grade 3 178 

reactions with features of Type I HSR but because they also had hypertension, epinephrine was 179 

not administered.  180 

 181 

Biomarker measurement  182 

Both concentrations of peripheral blood IL-6 and serum tryptase were available for some 183 

patients at baseline and during RDD reactions. Due to patient care and timing limitations, we 184 

were unable to obtain biomarkers for all initial or RDD reactions. 185 

 186 

Statistical analysis 187 

A primary goal of the study was to identify variables associated with successful RDD and 188 

reactivity to RDD, including: patient age, sex, atopy, previous lifetime exposures to oxaliplatin at 189 

time of initial reaction, results of skin testing, type of protocol, HSR phenotype, and laboratory 190 

biomarkers. To test statistical differences between the two groups, a two-sided Welch T-test with 191 

a 95% confidence interval was used for the continuous variables and a chi-squared test was used 192 

for the categorical variables. The mean and standard deviation for each variable and the number 193 



and the percent for each categorical variable were calculated and reported. All statistical analysis 194 

was performed in R (statistical software, available at https://www.r-project.org/). 195 

 196 

RESULTS 197 

Demographic, patient characteristic, and desensitization data showed a patient population 198 

with advanced colorectal cancer, distributed evenly for gender, and generally tolerant of RDD. 199 

As shown in Table 1, patient age ranged from the 3rd through the 7th decade of life. Sixteen 200 

percent of patients were atopic and 35% reported a history of HSR to any drug other than 201 

oxaliplatin. It is important to note that we relied on documentation of other drug 202 

hypersensitivities in the medical record and did not independently confirm that those reports 203 

were accurate. The average number of oxaliplatin lifetime exposures prior to the initial HSR was 204 

7.3. Of 273 total desensitizations, 266 (97.1%) were completed. We observed RDD reactions in 205 

27 of the 48 patients (56.25%) (Table 1). A total of 73 reactions occurred, generally one per 206 

RDD. 207 

 208 

We classified reaction symptoms according to what we and others considered their most 209 

likely pathophysiology (See Methods above, Figure 1A, and Discussion below). We identified 210 

four reaction endophenotypes: 1) Type I, 2) CRR, 3) Mixed (symptoms of at least one Type I 211 

symptom and at least one CRR symptom), and 4) Either (symptoms not clearly belonging to 212 

either Type I or CRRs). Two patients (ID’s 4 and 32) developed thrombocytopenia, but this was 213 

not included in the endophenotype classification scheme and is believed to have a distinct 214 

pathobiology involving drug-specific antiplatelet antibodies (see Curtis BR, et al. Blood 215 

2018;131(13):1486). Initial reaction type (Figure 1, grey) did not predict RDD reaction type 216 



(Figure 1, black). The most frequent initial reactions were consistent Type I. However, the most 217 

frequent reactions during RDD were CRRs. 218 

 219 

Figure 2 displays the initial reactions and desensitization outcomes of 48 individual 220 

patients as a heat map. Twenty-one (43.75%) patients had no reactions during any 221 

desensitization, including all four patients who had an initial Mixed HSR and all but one patient 222 

with an initial Either reaction. We term such patients “responders,” in contrast to patients who 223 

continued to have the same type of reaction during RDD as they did initially, whom we term 224 

“persisters.” Of the 23 patients with an initial Type I HSR, 10 were responders, while only two 225 

patients were persisters. Of the 14 patients with an initial CRR, 12 (86%) were persisters. We 226 

term those patients who had RDD reactions different than their initial reaction “converters.” One 227 

(7%) patient of the 14 with an initial CRR converted to having either a Type I or an Either HSR 228 

during a total of 12 desensitizations. Conversion from one initial reaction endophenotype to 229 

another during RDD was observed most frequently for patients with an initial Type I HSR (9 of 230 

23, 39%), with 8 patients experiencing at least one CRR or a Mixed reaction during RDD and 1 231 

patient having only a Mixed reaction during RDD. 232 

 233 

With repeated desensitizations, patients reacted less often, likely due in part to 234 

modifications made to their protocols (see Figure E1-C). For this analysis, the grouping of 235 

patients with numbers of previous exposures (1-3, 4-6, 7-14, and >14) is based on our clinical 236 

experience and that of our oncology colleagues that patients often receive chemo in cycles of 6 237 

exposures, though we acknowledge that this is an arbitrary division. Reactions were more 238 

frequent during desensitizations #1-3 and declined thereafter until desensitization #14 (5 239 



patients) when desensitization reactions increased. Figure E1-D illustrates the percentages of 240 

patients who reacted during desensitization for the first time during desensitizations #1-4. Of the 241 

patients who did not react during their first desensitization, 22% reacted during their second. Of 242 

the patients who did not react during their first or second desensitizations, 24% reacted during 243 

their third. Patients who completed three desensitizations without a reaction were not observed to 244 

react thereafter even if they received up to 15 additional desensitizations. 245 

 246 

As shown in Figure 3, selected aspects of patient clinical history were associated with 247 

subtypes of oxaliplatin reactivity. A history of atopy associated with an increased likelihood of a 248 

patient having an initial Type I HSRs (75% of 8 initial reactions) and RDD reactions (11% of 27 249 

desensitizations), and having an 85% chance of undergoing desensitization without a reaction 250 

(85% of 27 desensitizations). Compared to atopic patients, non-atopic patients were less likely to 251 

have an Type I initial reaction (Type I HSR 41.5%, CRR 34.1%, Either 19.5%, and Mixed 4.9% 252 

among 41 initial reactions), and RDD reaction (of all their desensitizations, there were Type I 253 

HSRs in 4.1%, CRR HSRs in 17.1%, Either HSRs in 6.9%, and no reaction in 71.4% of 245 254 

desensitizations). Comparing atopic and non-atopic patients, the latter had significantly more 255 

frequent CRR and Either reactions during RDD. Skin testing did not correlate significantly with 256 

initial reaction endophenotypes or reaction grade (Figure 3B, Table E1), and, counterintuitively, 257 

patients with a negative skin test had Type I reactions during RDD significantly more frequently 258 

(p < 0.05) (Figure 3 B). 259 

 260 

The number of lifetime oxaliplatin exposures before the initial reaction correlated with 261 

desensitization endophenotype: 90% of patients with ≤ 2 oxaliplatin exposures before their initial 262 



reaction did not react during RDD, while only 25% of patients with ≥ 15 exposures before their 263 

initial reaction did not react during RDD. Ten or fewer exposures correlated with a greater 264 

likelihood of Type-I HSRs during RDD and greater than 10 lifetime exposures correlated with 265 

CRR reactions during RDD. The average lifetime exposure number for a patient with an initial 266 

Type -1 HSR endophenotype was 6.5 and for an initial CRR endophenotype was 10.2 (p < 267 

0.001). Responders had an average lifetime exposure of 7.2 (p- value- < 0.005) (Figure 3C).  268 

 269 

Age trended with the grade of reaction during both initial and desensitization reactions, 270 

with younger patients having more severe reactions than older patients (Figure 4A), though this 271 

was not statistically significant. Younger patients were more likely to have a CRR during RDD 272 

and older patients tended to have fewer desensitization reactions (i.e., they were more likely to 273 

be responders) and more Type I reactions during RDD. The average age for a patient with a Type 274 

I HSR during RDD was 57.4 years whereas that of a patient with a CRR during RDD was 49.8 275 

years (p < 0.005) (Figure 4B). In all age groups, between 55.1% and 82.3% of patients were 276 

responders.  277 

 278 

Peripheral blood IL-6 concentrations were significantly elevated in patients experiencing 279 

CRRs during RDD but not among those with Type 1 RDD reactions (Figure 5). By contrast, 280 

tryptase was not significantly elevated (i.e., > 11.4 ng/mL) for any reaction endophenotype 281 

during RDD. For those patients who had both a baseline and a reaction tryptase drawn, we also 282 

calculated the change in tryptase concentration using the [(1.2 x baseline tryptase) +2] threshold, 283 

but this again showed no significant tryptase elevation. 284 

 285 



 286 

Discussion 287 

 To provide individualized care for patients with drug-induced HSRs, allergists must a) 288 

answer the question “Should this patient be desensitized based on the likelihood that it will be 289 

successful?”, b) estimate the risk of various reactions during RDD, and c) know what to do in the 290 

long term as well as in the acute setting should the patient experience a reaction during or shortly 291 

after RDD. RDD is a critical tool for repeated administration of oxaliplatin for patients with 292 

colorectal malignancy and oxaliplatin hypersensitivity who are otherwise unable to receive this 293 

first line, life-saving therapy3,31,32. Here, we expand oxaliplatin HSR classification beyond the 294 

classic Type I of the Coombs and Gell system based on clinical endophenotyping. This more 295 

detailed description of oxaliplatin HSRs allows allergists to start to address the three issues 296 

above and thus helps guide personalized management of patients. Based on our findings, we 297 

propose an algorithm to guide oxaliplatin desensitization protocol design and premedication 298 

selection (Figure 6). 299 

 300 

We found that symptoms that clustered together during initial reactions often remained 301 

associated during desensitization reactions. Patients whose initial reactions were Type I 302 

responded well to desensitization, consistent with previous experience, as did those who had 303 

initial Either or Mixed reactions. However, the majority of patients with initial CRR continued to 304 

have CRRs during RDD. Importantly, nearly 40% of patients with initial Type I HSR converted 305 

to another endophenotype (most commonly CRR or a Mixed reactions) during RDD. Our data 306 

suggest that desensitization is most effective for Type I, Either, and Mixed reactions, and is less 307 

efficacious for CRR symptoms/reactions. Importantly, however, even patients who reacted 308 



during RDD, regardless of their reaction endophenotype, were able to complete their infusions 309 

and thus receive the entire dose of oxaliplatin.  310 

As has been previously shown for monoclonal antibodies, the most common initial HSR 311 

was Type I, though during desensitization CRR and Mixed symptoms were frequent5,31,32. 312 

Network diagrams revealed global shifts in symptom type and frequency from predominantly 313 

Type I HSRs during initial reactions to predominantly CRRs during desensitization. Our data 314 

indicate that RDD effectively addresses Type I HSRs but is not as effective for CRRs. The 315 

conversion to CRR during desensitization was unexpected. We anticipated that patients with 316 

initial Type I reactions would be responders. In addition, we expected patients with an initial 317 

Mixed reaction to convert to the CRR endophenotype, as desensitization was anticipated to 318 

address their Type I symptoms but not their CRR symptoms, unmasking the latter. Instead, while 319 

the number of patients with an initial Mixed reaction was small (n = 4), all were responders. In 320 

our experience, oxaliplatin differs sharply from cisplatin and carboplatin in this regard, as CRR 321 

symptoms and reactions occur much less frequently after exposure to those latter two agents. 322 

Whether desensitization promotes CRRs in individuals predisposed to this form of 323 

hypersensitivity by allowing patients with initial Type I reactions to continue to receive 324 

oxaliplatin is currently unknown. The same is true of the cellular source(s) and basic 325 

mechanisms of CRRs.  326 

 327 

We found selected clinical variables useful in determining oxaliplatin HSR 328 

endophenotypes and associated with RDD outcomes, including patient age, history of atopy, and 329 

serum IL-6 measured during or shortly after an RDD reaction. Patients with a Type I RDD 330 

reaction were significantly older than patients with a CRR RDD reaction. Patients with a history 331 



of atopy were more likely to have a Type I reaction initially and during RDD. A limitation of 332 

these findings is that our analysis was univariate and not multivariate, as the effect size or the 333 

confidence level of multivariate analysis could be limited by small subgroup sizes. We continue 334 

to collect information on oxaliplatin hypersensitive patients and future studies with a larger data 335 

set will be subjected to multivariable analysis. 336 

 337 

Like others, we found that elevation of serum IL-6 is a marker of oxaliplatin CRRs 338 

during RDD 
5,33,34. Increased serum concentrations of IL-6 and TNF alpha are associated with 339 

advanced colorectal cancer and decreased survival, and may play roles in both oxaliplatin 340 

allergic reactions and in tumor responses35–37. Our patient population has an elevated IL-6 at 341 

baseline (Figure 5). Whether IL-6 elevations are relevant for CRRs occurring in the setting of 342 

other platin- or of taxane-based chemotherapies, monoclonal antibodies, and antibiotics is an 343 

area of active interest. Oxaliplatin is currently used predominantly in the treatment of colorectal 344 

cancer and we do not know its HSR profile in other malignancies. Other platins, such as 345 

carboplatin and cisplatin, are used in the treatment of a variety of ovarian and gynecologic 346 

malignancies without commonly causing significant CRRs, which may support the hypothesis 347 

that a CRR endophenotype is platin-colorectal cancer specific1,3,22,23,30–32,38,39. As has been found 348 

among patients with CRRs in the context of CAR T cell therapy, inhibition of IL-6 with 349 

tocilizumab suggests itself as a possible treatment28. 350 

 351 

A number of other variables did not contribute significantly to oxaliplatin HSR 352 

endophenotyping. Although serum tryptase is considered a reliable marker of anaphylaxis, 353 

values were not significantly elevated in patients with oxaliplatin HSRs of any endophenotype 354 



and were not useful in predicting RDD reaction type. However, our data are limited and this 355 

issue requires further investigation, especially for detection of small but potentially significant 356 

differences between an individual patient’s baseline value and the value observed during a 357 

reaction (Figure 5). Given its longstanding use, we would consider an elevated serum tryptase in 358 

a patient with an HSR to be helpful in characterizing the reaction as Type I. 359 

 360 

Interestingly, oxaliplatin skin testing was also not helpful in endophenotyping or in 361 

predicting responses to RDD except for the counterintuitive finding that skin test negative 362 

patients were more likely to have a Type I RDD reaction compared to skin test positive patients. 363 

Previous studies have found an increased frequency of reaction with positive skin test during 364 

desensitization16. Among our patients, there was no statistically significant association between 365 

skin testing and factors such as desensitization reaction grade or frequency (Table E1). In this 366 

context, it is important to note that a previous study that included a subgroup of 74 oxaliplatin-367 

reactive patients who underwent skin testing, measurement of oxaliplatin-specific serum IgE, 368 

and drug provocation testing determined that skin testing sensitivity was 57.5%, specificity was 369 

91.7%, positive predictive value was 92%, and negative predictive value was 56.4 (see Alvarez-370 

Cuesta E et al. Allergy 2015; 70: 784-794). That study documented the clinical features and 371 

severity of reactions, but did not endophenotype the oxaliplatin reactions or further analyze this 372 

subgroup with respect to the value of oxaliplatin skin testing.  373 

 374 

Long-term tolerization through repeat desensitizations has been described for monoclonal 375 

antibodies and other platins 
1,5,31,32,40. Herein, we found a steady decline in the percentage of 376 

patients reacting on repeated oxaliplatin desensitizations, possibly indicating tolerance (Figure 377 



1E-C). Relative to reported tolerization to other chemotherapeutics, the percentage of reactions 378 

to oxaliplatin is higher but tolerance may be transient 1,5, as we observed a rise in the rate of RDD 379 

reactions for those patients who completed 14 desensitizations (albeit with limited patient 380 

number). This, along with CRR symptoms during HSRs, is another manifestation of the 381 

atypicality of oxaliplatin. Our data indicate that a given patient’s RDD reaction endophenotype is 382 

generally cemented after approximately three desensitizations; if they react during RDD, patients 383 

tend to do so within the first three oxaliplatin desensitizations and are otherwise unlikely to react 384 

during subsequent desensitizations (Figure E1-D). Nevertheless, while specialists can reassure 385 

patients with this trend (“three [desensitizations without reaction] and you’re free”), they must 386 

remain vigilant even with patients who have tolerated multiple desensitizations. 387 

 388 

We also observed oxaliplatin induced reactions that do not fall under the 389 

endophenotyping scheme used for this study. These reactions were consistent with previously 390 

reported data16,22,41. Three patients had Coombs and Gell Type II hypersensitivity, two had 391 

thrombocytopenia, one had hemolytic anemia, one patient had a seizure, while others reported 392 

numbness, weakness, and paresthesias. A single patient only displayed a delayed Coombs and 393 

Gell Type IV HSR in the form of a rash. 394 

 395 

Reaction endophenotype directly impacts personalized protocol design and premedication 396 

regimens (Figure 6). As indicated in Figure 6, the decision to use either a 3 bag/12 step or a 4 397 

bag/16 step protocol largely depends upon initial reaction grade, patient clinical status (acuity 398 

and severity of comorbidities), and adverse response to a prior 3 bag/12 step protocol, as 399 



opposed to a particular endophenotype. While desensitization is primarily meant to ameliorate 400 

Type I HSRs, it is also effective for Either and Mixed reactions (Figure 2). 401 

 402 

Patients with initial CRRs tend to continue to experience CRRs during desensitization 403 

and benefit from blockade of cytokine effects with the empiric addition of NSAIDs and 404 

intravenous fluids to their premedication regimens (or just prior to protocol steps known from 405 

previous RDDs to trigger intense symptoms). Patients under 50 years of age and those with many 406 

prior exposures to oxaliplatin (>14) may also benefit from cytokine blockade measures (Figure 407 

3C, 4B) Non-atopic patients with an initial Type 1 endophenotype have a high chance of 408 

converting to a CRR and may also benefit from preemptive inclusion of NSAIDs and 409 

intravenous fluids in their premedication regimens. Patients with atopy and those >50 years old 410 

are predisposed to Type 1 reactions (Figure 3A, 4B) and may benefit from H1 and H2 blockade, 411 

but not from medications intended to antagonize cytokine effects. In patients with persistent 412 

CRR reactions despite the use of NSAIDs and aggressive IV fluids, steroid premedication should 413 

be considered, taking into account the patient’s reaction grade, variety and severity of clinical 414 

comorbidities, acuity, and oxaliplatin exposure history.  415 

 416 

In conclusion, the diversity and atypicality of oxaliplatin HSRs compared to other platins 417 

offer fertile ground for clinical endophenotyping. While in its infancy, endophenotyping of drug 418 

HSRs may offer specialists a tool to forecast likely responses to RDD and the development of 419 

tolerance. Just as diagnostic endophenotyping has benefited fields such as cancer and asthma, an 420 

analogous approach toward chemotherapeutic hypersensitivity may limit reaction risk during 421 

RDD while optimizing administration of first line therapy for metastatic colorectal cancer. 422 



Future investigations will determine whether similar endophenotyping can address HSRs to 423 

monoclonal antibodies, taxanes, and other platin- based chemotherapies. 424 

 425 

  426 
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FIGURE LEGENDS: 591 

Figure 1: Symptom Classification and Frequency. (A) percent of reaction by symptom for 592 

initial and desensitization reaction, (B) initial reaction symptoms network map (n=49), (C) 593 

desensitization reaction symptoms network map (n= 73), Network map: radius of node 594 

(circle) is directly proportional to the number of occurrences of that symptom, thickness of 595 

edge (line) connecting two nodes is directly proportional to the frequency of co-596 

occurrence of the two corresponding symptoms.  597 

Figure 2: Endophenotype Heat Map. Heatmap of patient demographics, risk stratification 598 

markers and desensitization course for 266 completed desensitization protocols in 49 599 

patients. X-axis: F = IV fluids were administered either initially or in the indicated 600 

desensitization (boxes above) and once started were administered with every subsequent 601 

desensitization, Initial Reaction = endophenotype of the initial reaction, Age = patient age 602 

in years at first desensitization, Exposure = number of exposures to oxaliplatin at the time 603 

of the initial HSR (N = not recorded), Atopy = history of atopy (+ = yes, – = no), ADR = 604 

history of previous adverse drug reaction (+ = yes, – = no), ST = oxaliplatin skin test 605 

result (+ = positive, – = negative, np = not performed), Initial grade = initial reaction 606 

severity. Y-axis: D1 = desensitization #1, et cetera.). Gray boxes indicate desensitizations 607 

without a reaction. Colored boxes indicate desensitizations with reactions, with the color 608 

indicating the endophenotype and the number indicating the reaction severity. Initial 609 

reaction grades were as follows: grade 1 n = 14, grade 2 n= 24, and grade 3 n= 10. 610 

Desensitization reactions were as follows grade 0 n= 201, grade 1 n= 31, grade 2 n= 36, 611 

and grade 3 n= 6 612 



Figure 3: Endophenotypic Correlations with Patient Clinical Characteristics. (A) History of 613 

Atopy corresponding to initial and desensitization reaction endophenotype. (B) 614 

Correlation between positive and negative skin test results and initial/desensitization 615 

reaction endophenotypes. (C) Relationship between oxaliplatin exposure and 616 

initial/desensitization reaction endophenotypes. Red = Type 1, Purple = Mixed, Blue = 617 

CRR, Yellow = Either, Green = no reaction. P value significance: * p< 0.05, **p<0.01, 618 

*** p< 0.001. 619 

Figure 4: Age Correlations with Phenotype and Grade of Reaction. (A) Grade of initial and 620 

desensitization reaction correlated with age. ns = not significant. (B) reaction 621 

endophenotypes correlated with age. Red = Type 1, Purple = Mixed, Blue = Cytokine, 622 

Yellow = Either, Green = no reaction. n = number of patients. P value significance: * p< 623 

0.05, **p<0.01, *** p< 0.001.  624 

Figure 5: Biomarkers for endophenotypes. Baseline IL-6 and tryptase levels were obtained for 6 625 

and 5 patients, respectively, before the first desensitization. IL-6 and tryptase values for 626 

Type-1 and cytokine HSRs during desensitization. P value significance: * p< 0.05, **p< 627 

0.01, *** p< 0.001. NL = normal value. 628 

Figure 6: Oxaliplatin Protocol and Premedication Algorithm 629 

 630 

 631 

 632 



  633 



TABLE LEGENDS: 634 

Table 1: Demographic and Patient Characteristics. ADR History was based on documentation in 635 

the patient’s electronic medical record. Exposure = lifetime exposures to oxaliplatin at the 636 

time of the initial oxaliplatin HSR. ST = oxaliplatin skin test result. 637 

 638 



Organ Sys # Symptom

1 flushing/warmth/erythema
2 pruritis 
3 urticaria
4 other rash (maculopapular, morbiliform, other)
5 angioedema

6 nasal congestion
7 sneezing 
8 wheezing
9 dyspnea

10 cough
11 O2 desaturation 
12 chest tightness

13 throat tightness
14 tongue swelling

15 tachycardia
16 chest pain
17 presyncope
18 syncope
19 hypertension
20 hypotension

21 nausea/vomiting
22 diarrhea
23 abdominal pain
24 bloating
25 reflux

26 numbness/weakness
27 back pain 
28 headache
29 rigors
30 seizures
31 unusual taste
32 other pain

33 diaphoresis
34 chills
35 fever 

Gastrointestinal

Neuromuscular

General

Skin and Mucus 
Membranes

Respiratory

Aerodigestive

Cardiovascular

Figure 1: Classification and Frequency of Symptoms
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D21
D20 2
D19
D18 2
D17 2 1
D16 2 1
D15 2
D14
D13
D12 1 1
D11 1 2
D10 2
D9 1 2
D8 2
D7 1 1
D6 1
D5 1 2 F 1 2 1
D4 F F 1 2 1 2 F 2 1
D3 1 1 1 F 3 2 F 3 1 F 1 1 2 2 2 2 F 2 2 1
D2 1 1 2 1 2 3 1 2 1 2 F F 2 2 1
D1 2 2 1 2 1 3 2 2 2 2 3 2 2 1 3

Fluids F F F F F F F

Initial Reaction T T T T T T T T T T T T T T T T T T T T T T T C C C C C C C C C C C C C C M M M M E E E E E E E E
Age 53 55 51 25 43 65 46 42 61 30 60 42 48 55 69 72 57 40 77 54 65 66 53 59 35 45 46 68 43 50 67 56 50 41 39 66 42 60 53 41 43 31 72 71 63 67 65 51 62

Exposure 9 13 7 8 3 8 11 11 0 5 0 13 4 7 8 1 4 13 10 12 1 7 5 21 9 10 N 25 2 12 11 12 7 15 11 0 1 6 10 8 0 6 13 1 0 0 6 0 6
Atopy - - - + - - - - - + + - - - + - - - - - + + - - - - - - - - - - - - - - - + - + - - - - + - - - -
ADR + - - - + + + - - - - - + - + + - - + + + - - + - - + - - - - - + - - + - + - - - + - - - - - - -

ST + + + + + + + + + + + + - - - - - - - - - - - + + + + + + + - - - - - np - + + + - + + + - + - - -

Initial Grade 2 1 1 3 2 3 2 2 1 2 1 2 3 2 2 3 3 2 1 1 1 2 3 2 2 2 2 2 3 1 2 2 2 2 1 2 1 2 1 2 3 3 2 1 2 3 2 1 1

Patient ID 16 18 22 25 27 31 42 48 23 17 34 5 12 26 49 33 39 9 21 43 28 45 46 2 3 14 15 24 41 47 1 4 19 29 32 20 40 10 13 37 11 6 7 8 30 36 44 35 38

Legend

F   Fluids given as premedication

Figure 2: Endophenotype Heat Map
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Figure 6: Oxaliplatin Protocol and Premedication Algorithm 

A. Premedications:

B. Desensitization Protocol

C. Post Desensitization Assessment 

H1 and H2 antagonists for all patients
- If flushing/wheezing, add montelukast ± ASA
- If pain, add gabapentin 
- If mixed or cytokine reaction, add COX-1 inhibitor and IVFs

Initial Reaction Grade & Clinical Status

III *** I, II, III***

3 bag, 12 Step4 bag, 16 Step

I. Initial Desensitization Protocol Outcomes

Outcome

Next Desensitization
Protocol

4 bag 16 Step 3 bag 12 Step

No Reaction Reaction ReactionNo Reaction

1.Rate Limitations
2. Dose Reduction4 bag 16 Step3 bag 12 Step 3 bag 12 Step 4 bag 16 Step

II. Premedication modification for next desensitization
Phenotype Reaction:

Dose Reduction 50%, final 
rate lowered 

COX-1 inhibitors & Fluids*

Type1 Mixed Cytokine

Steroids
(0.5mg/kg)

Additional Steps To Protocol
Standard & Symptom Control
COX-1 inhibitors & Fluids*

Consider

Standard (H1/H2 blockers) cetirizine 10 mg PO and  famotidine 20-40 mg IV

Fluids: CRR reactions: 100 cc/hr until step 12/16  w/increase to 250cc/hr - 500cc/hr during reaction. 

Premedication

Symptom Control: montelukast, 10 mg PO, aspirin 325 mg PO, gabapentin  100-300 mg PO

COX-1 Inhibitors: ibuprofen 600-800 mg PO, ketorolac 15-30 mg IM

Dose Reduction: 75%, 50% or 25% of target dose. 

Slow Final Rate: 60 or 40 cc/hr

**Tryptase and IL-6 should be drawn at 30 min – 4 hours post reaction

*** For Grade III reactions, provider discretion based on clinical comorbidities decides between protocols

II,IIIII,III II

No Reaction

Continue with unchanged 
premedication protocol



FIGURE E1 LEGEND: 

Endophenotypic Correlations with Patient Clinical Characteristics: A) History of previous 
adverse drug reaction (ADR) corresponding to initial and desensitization reaction 
endophenotype, B) Correlations between initial reactions endophenotype and reactivity during 
desensitization. C) Relationship between reaction frequency with number of exposures during 
desensitization, D) Relationship between reaction frequency with number of exposures during 
desensitization without previous reaction. Red- Type 1, Purple Mixed, Blue- CRR, Yellow- 
Either, Green- no reaction. . P value significance: * p< 0.05, **p<0.01, *** p< 0.001 . 

 

 

 

TABLE E1 LEGEND: 

Initial Grade of reaction and Skin Test results correlated with demographic characteristics. ADR 
= adverse drug reaction. 



Table 1 

 

Demographics and Patient Characteristics (n = 49) 

Sex Age Atopy 
ADR 

History Diagnosis Exposure 
Desensitization 

n = 274 
ST 

n = 48 

Female Male 53.5 
(range  

25-
77) 

8 
(16%) 

17 
(35%) 

GI 
Malignancy 

38 (78%) 7.3 
(range  
0-25) 

Number 
of 

Reactions 

Patients 
Reacted 

Successfully 
Completed 

Pos Neg 

26 
(53%) 

23 
(47%) 

Stage IV 32 
(65%) 

68 
(25%) 

28 
(57%) 

266 
(98%) 

26 
(54%) 

22 
(46%) 

 



Table E1 

 

Initial Grade Grade 1 Grade 2 Grade 3  

Desensitization 

Reaction 

Frequency 

17.2% 33.0% 26.2% p = 0.01 

Reaction Grade 1.54 1.66 2.09 ns 

Skin Testing Positive Negative  

Average Reaction 

Frequency 

0.35 0.28 ns 

Average Reaction 

Grade 

0.61 0.45 ns 

If reaction, Grade 1.67 1.57 ns 

Age 50.5 56.36 ns 

Exposure 8.4 6.4 ns 

Atopy 0.19 0.13 ns 

ADR 0.31 0.36 ns 

Initial Grade 1.9 1.9 ns 
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