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Abstract:

Background: Oxaliplatin causes a wider varietyrofmediate hypersensitivity reactions than
other platin-based chemotherapeutics. Some resefgpke| reactions that respond to
desensitization. Others are atypical, possibly re@$tindependent Cytokine Release Reactions
refractory to desensitization. Given this varidijlclinicians need an evidence-based strategy to
personalize therapy for oxaliplatin hypersensipagients.

Objective: We developed a data-driven algorithrogbmize treatment of oxaliplatin
hypersensitive patients.

Methods: We retrospectively analyzed the baselinéal characteristics, biomarkers, and
reactions of 48 oxaliplatin hypersensitive patiemt® received a total of 266 oxaliplatin
desensitizations.

Results: We characterized four endophenotypes: Typgtokine Release, Mixed, and Either. A
mean 40-fold increase in serum concentration @rlatikin 6 helped define the Cytokine
Release endophenotype. Younger patients were nketg 1o have a Cytokine Release
endophenotype, while older patients were moreyikelhave a Type | reaction. Skin testing was
not informative for determining endophenotype ek of reaction during desensitization, and did
not associate with initial or desensitization grafleesaction. Patients with a history of atopy and
an initial Type | reaction responded to desengibrmawith antihistamine premedications, while
nonatopic patients with the same initial reactibemtype were more likely to convert to a
Cytokine Release or Mixed reaction during desezeditn. We combined these reaction patterns
with biomarker data and desensitization outcome®tstruct an algorithm that helps tailor

desensitization protocol design to meet individuetient needs.
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Conclusion: Endophenotyping oxaliplatin hypersevisytreactions may help forecast

desensitization outcomes and personalize treatpians.

Highlights Box:

What is already known about this topic? Oxaliplatin is known to cause a variety of
hypersensitivity reactions (HSRS).

What does this article add to our knowledge? Endophenotyping of oxaliplatin induced HSRs
may help predict response to rapid drug desensiaizéRDD).

How does this study impact current management guidelines? The article's endophenotype-
based management algorithm may allow for improvadgnalized treatment for oxaliplatin
allergic patients undergoing RDD.

Key Words:

Oxaliplatin, colorectal cancer, endophenotype, dgisieation, hypersensitivity

Abbreviations used:

ADR — Adverse drug reaction

AGEP - Acute generalized exanthematous pustulosis

CRR — Cytokine release reaction

DRESS - Drug eruption with eosinophilia and systesymptoms
HSR — Hypersensitivity reaction

IL-6 — Interleukin 6

RDD — Rapid drug desensitization

SJS - Stevens-Johnson syndrome

ST — Skin test
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80 TEN — Toxic epidermal necrolysis
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Drug hypersensitivity reactions (HSRs) preventgyds from receiving life-saving
therapies. While rapid drug desensitization (RD&x) circumvent some reactions, allowing
patients to remain on first line therapy, it is aways successful. Allergists caring for patients
with drug-induced HSRs need to determine the ap@tgmess of RDD by estimating pretest
probabilities that the procedure will succeed, ¢dast various desensitization reactions, and
strategize how to modify premedication regimenstber aspects of an RDD protocol on an
individual patient basis should that patient exgrece a reaction during or shortly after RBE)

Endophenotyping is a classification system thatdess disease variants in terms of
their molecular mechanisms, distinct clinical feasy and treatment respon&és.
Endophenotyping promotes better understanding mipbex, heterogenous diseases such as
asthma, idiopathic pulmonary fibrosis, chronic meent sinusitis, and colorectal cancer,
allowing for personalized disease diagnosis, pregn@and managemént: To our knowledge,
research about drug hypersensitivity has used dmhmbyping in only a limited capacity for
monoclonal antibodies but not for other chemotheutip agents such as platihs
Endophenotyping can provide valuable new insightts drug HSRs, potentially predicting the
likelihood of reacting during RDD and allowing fpersonalization of RDD protocols.

Patients allergic to chemotherapeutic drugs typicaded repeated desensitizations over
the long term because of the intermittent dositgdales of these agerts>*3*Although
RDD is safe and effective® varying HSRs may occur during desensitization meckssitate
modifications in real-time and thoughtful tailorinf§subsequent protocols to circumvent
reactions*® We hypothesized that endophenotyping would hejattierize and mitigate

desensitization reactivity.
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Oxaliplatin (GH14N204Pt) is a diaminocyclohexane, third generation plati agent
indicated for first-line and adjuvant treatmentudtastatic colorectal can¢érOxaliplatin
treated patients have a rate of HSRs varying fro8% 1o 19%, with severe (grade 3—4) reactions
occurring in 0.5—-2 % of cas&d%22 Oxaliplatin HSRs are heterogenous, and RDD ieg#ly
effectivé ®? We used oxaliplatin HSRs in patients with coltakcancer as a model of

endophenotyping.

Here we propose a framework for endophenotypindigaiin HSRs using clinical, skin
test, and laboratory data. We followed a two-steqrgss to develop HSR endophenotypes: first,
we classified initial and desensitization-assodat&Rs into three propossgmptomatic
endophenotypes; second, we used patient chardicteasd biomarker data (serum tryptase and
IL-6 concentrations) to further develop the promgbsategories. Guided by our observations,
data, and clinical experience, we developed arridifgoic approach toward personalized

management of oxaliplatin HSRs.

METHODS
Patient selection

Patients received RDD as part of standard of daleeaDrug Hypersensitivity and
Desensitization Center at Brigham and Women’s Habpnd Dana Farber Cancer Institute. All
patients who received desensitization to oxaliplabm January 2014 to July 2017 were
included. The study was approved by the Brigham\&iodhen’s Hospital institutional review

board (protocol number 2016P001276).



126 Patients with severe skin reactions consistent @rthg Eruption with Eosinophilia and
127  Systemic Symptoms (DRESS), Acute Generalized Exanditous Pustulosis (AGEP), Stevens-
128  Johnson syndrome (SJS), or Toxic Epidermal NeciolflEEN) were excluded, due to the high
129  risk of recurrence of a severe reaction which ctngldatal upon re-exposute>*.

130

131  Classification of type and severity of HSRs

132 Initial reaction and desensitizatisgmptomsvere classified as most consistent with a
133  classic mast cell mediated Type 1 reaction (Typ€yjokine Release reaction (CRR), or Either
134  (a symptom consistent with either a Type | or a GRittial and desensitizatioactionswere
135 classified as Type 1 if they involved only Typeylrgotoms or (Type | + Either) symptoms; CRR
136 if they involved only CRR symptoms or (CRR + Eitheymptoms; Mixed if they involved any
137  combination of at least one Type | symptom and©R& symptom, regardless of whether there
138  were also Either symptoms; and Either if they inedl only Either symptoms. We thus had three
139  symptom categories (Type I, CRR, and Either) and feaction categories (i.e.,

140 Endophenotypes, namely Type |, CRR, Mixed, anddgjttSymptoms classification was based
141  upon literature review?”?® independent review from allergist-immunologat®utside

142  institutions and expert opinion from the Brighand aomen’s Hospital drug allergy and

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

144  bias, we submitted the list of reaction symptomsl&R experts at several academic medical
145  centers and asked them to classify each symptanoasconsistent with a Type |, CRR, or an
146  Either HSR (Table E1). The symptom classificatibowen in Figure 1A reflects the consensus
147  of the data-blinded experts as well our own andecuriteraturé’. To create the clearest

148  phenotypes, we used only those symptoms that wéhanolutside experts considered the most
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salient and classic for a given reaction, whileassigned other symptoms to the Either category.
Thus, for example, urticaria and wheezing are Tliypenptoms, fever and rigors are CRR
symptoms, and dyspnea and chest tightness are Bithiptoms. This left more symptoms
classified as Either than in previously publishada@phenotyping studi€s HSR severity was

classified per Brown’s HSR grading sysfém

Skin testing

All but one patient underwent skin testing to oglaiin with prick testing at 5mg/mL,
and intradermal tests at 0.5mg/mL and 5mg/mL. &dits were performed at least 2 weeks after
the initial HSR to minimize false negative resukpositive reaction was defined as a wheal
with a diameter at least 3 mm larger than that pced by a negative control (normal saline).

Histamine skin prick testing (10 mg/mL) was usec g®sitive control.

Desensitization protocols and treatment of reactions

The sensitivity of skin testing to oxaliplatin istrknown and therefore desensitization
was offered to patients with or without positivénstesting, regardless of the severity of the
initial HSR. Protocols consisted of 3 bag/12 steg bag/16 step regimens, with a 2-2.5-fold
drug dose increase between consecutive stepseriliin 15 minute increments, except for the
last step, which was prolonged to achieve the tatgge at a rate of 80 mL/h - 125 ml/h until the
infusion was completetf®623

Cetirizine (10 mg orally) and famotidine (20 to #@ orally or intravenously) were
administered to all patients as RDD standard of paemedications. Aspirin and montelukast

were used as prophylaxis if patients had expergfiashing or bronchospasm. COX-1
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inhibitors, acetaminophen, corticosteroids, anaioisiwere used to prevent chills, rigors, fever,
and pain*. Patients were asked to hold beta-adrenergic anistgnedications for 24 hours
before desensitization. Premedication was admneigt80 minutes prior to the initiation of RDD
and between steps if breakthrough reactions hagr@zt during previous RDDs. If a reaction
occurred during desensitization, the infusion waissed and medications were administered
according to symptoms. Once the reaction resolvexinfusion was resumed at the step where
it was suspended? As noted in the results (see Figure 2), two paierperienced grade 3
reactions with features of Type | HSR but becabsg tlso had hypertension, epinephrine was

not administered.

Biomarker measurement
Both concentrations of peripheral blood IL-6 antugsetryptase were available for some
patients at baseline and during RDD reactions. toysatient care and timing limitations, we

were unable to obtain biomarkers for all initialRDD reactions.

Statistical analysis

A primary goal of the study was to identify varieblassociated with successful RDD and
reactivity to RDD, including: patient age, sex,@toprevious lifetime exposures to oxaliplatin at
time of initial reaction, results of skin testingpe of protocol, HSR phenotype, and laboratory
biomarkers. To test statistical differences betwdertwo groups, a two-sided Welch T-test with
a 95% confidence interval was used for the contisu@riables and a chi-squared test was used

for the categorical variables. The mean and stahdeviation for each variable and the number
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and the percent for each categorical variable waleulated and reported. All statistical analysis

was performed in R (statistical software, availailattps://www.r-project.org/).

RESULTS

Demographic, patient characteristic, and deseasibiz data showed a patient population
with advanced colorectal cancer, distributed evémiygender, and generally tolerant of RDD.
As shown in Table 1, patient age ranged from tletl3rough the 7th decade of life. Sixteen
percent of patients were atopic and 35% reportedtary of HSR to any drug other than
oxaliplatin. It is important to note that we relied documentation of other drug
hypersensitivities in the medical record and ditlindependently confirm that those reports
were accurate. The average number of oxalipldetinie exposures prior to the initial HSR was
7.3. Of 273 total desensitizations, 266 (97.1%)ensmpleted. We observed RDD reactions in
27 of the 48 patients (56.25%) (Table 1). A totfaf ® reactions occurred, generally one per

RDD.

We classified reaction symptoms according to whaawd others considered their most
likely pathophysiology (See Methods above, Figukednd Discussion below). We identified
four reaction endophenotypes: 1) Type |, 2) CRRVIEed (symptoms of at least one Type |
symptom and at least one CRR symptom), and 4) iE#yenptoms not clearly belonging to
either Type | or CRRs). Two patients (ID’s 4 and 82veloped thrombocytopenia, but this was
not included in the endophenotype classificatidreste and is believed to have a distinct
pathobiology involving drug-specific antiplatelettéodies (see Curtis BRt al Blood

2018;131(13):1486). Initial reaction type (Figuregliey) did not predict RDD reaction type
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(Figure 1, black). The most frequent initial reans were consistent Type |. However, the most

frequent reactions during RDD were CRRs.

Figure 2 displays the initial reactions and degeaion outcomes of 48 individual
patients as a heat map. Twenty-one (43.75%) pathead no reactions during any
desensitization, including all four patients whalz initial Mixed HSR and all but one patient
with an initial Either reaction. We term such pat&“responders,” in contrast to patients who
continued to have the same type of reaction dURD® as they did initially, whom we term
“persisters.” Of the 23 patients with an initialpeyl HSR, 10 were responders, while only two
patients were persisters. Of the 14 patients witindial CRR, 12 (86%) were persisters. We
term those patients who had RDD reactions diffetlean their initial reaction “converters.” One
(7%) patient of the 14 with an initial CRR converte having either a Type | or an Either HSR
during a total of 12 desensitizations. Conversromfone initial reaction endophenotype to
another during RDD was observed most frequentlhpétients with an initial Type | HSR (9 of
23, 39%), with 8 patients experiencing at least GR®R or a Mixed reaction during RDD and 1

patient having only a Mixed reaction during RDD.

With repeated desensitizations, patients reactsddéen, likely due in part to
modifications made to their protocols (see Figute. For this analysis, the grouping of
patients with numbers of previous exposures (1-8, 414, and >14) is based on our clinical
experience and that of our oncology colleaguesghaents often receive chemo in cycles of 6
exposures, though we acknowledge that this is laitrany division. Reactions were more

frequent during desensitizations #1-3 and declthedeafter until desensitization #14 (5
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patients) when desensitization reactions incredSgdre E1-D illustrates the percentages of
patients who reacted during desensitization foffitlsetime during desensitizations #1-4. Of the
patients who did not react during their first desgration, 22% reacted during their second. Of
the patients who did not react during their firssecond desensitizations, 24% reacted during
their third. Patients who completed three deseraditins without a reaction were not observed to

react thereafter even if they received up to 15temhél desensitizations.

As shown in Figure 3, selected aspects of patiamtal history were associated with
subtypes of oxaliplatin reactivity. A history obaty associated with an increased likelihood of a
patient having an initial Type | HSRs (75% of &imireactions) and RDD reactions (11% of 27
desensitizations), and having an 85% chance ofrgod® desensitization without a reaction
(85% of 27 desensitizations). Compared to atopieps, non-atopic patients were less likely to
have an Type I initial reaction (Type | HSR 41.59RR 34.1%, Either 19.5%, and Mixed 4.9%
among 41 initial reactions), and RDD reaction (bfleeir desensitizations, there were Type |
HSRs in 4.1%, CRR HSRs in 17.1%, Either HSRs i8%.8nd no reaction in 71.4% of 245
desensitizations). Comparing atopic and non-atpaients, the latter had significantly more
frequent CRR and Either reactions during RDD. $&sting did not correlate significantly with
initial reaction endophenotypes or reaction gr&igure 3B, Table E1), and, counterintuitively,
patients with a negative skin test had Type | ieastduring RDD significantly more frequently

(p < 0.05) (Figure 3 B).

The number of lifetime oxaliplatin exposures beftbre initial reaction correlated with

desensitization endophenotype: 90% of patients wRloxaliplatin exposures before their initial
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reaction did not react during RDD, while only 25%patients with> 15 exposures before their
initial reaction did not react during RDD. Ten emfer exposures correlated with a greater
likelihood of Type-l HSRs during RDD and greateartHLO lifetime exposures correlated with
CRR reactions during RDD. The average lifetime expe number for a patient with an initial
Type -1 HSR endophenotype was 6.5 and for an il@fRR endophenotype was 10.2 (p <

0.001). Responders had an average lifetime expa$ut2 (p- value- < 0.005) (Figure 3C).

Age trended with the grade of reaction during boitial and desensitization reactions,
with younger patients having more severe reactibas older patients (Figure 4A), though this
was not statistically significant. Younger patiemesre more likely to have a CRR during RDD
and older patients tended to have fewer desensatizeeactions (i.e., they were more likely to
be responders) and more Type | reactions during RIDI® average age for a patient with a Type
| HSR during RDD was 57.4 years whereas that cfteept with a CRR during RDD was 49.8
years (p < 0.005) (Figure 4B). In all age grougween 55.1% and 82.3% of patients were

responders.

Peripheral blood IL-6 concentrations were signifitaelevated in patients experiencing
CRRs during RDD but not among those with Type 1 RB&ctions (Figure 5). By contrast,
tryptase was not significantly elevated (i.e., >41dg/mL) for any reaction endophenotype
during RDD. For those patients who had both a b@seaind a reaction tryptase drawn, we also
calculated the change in tryptase concentratiamgusie [(1.2 x baseline tryptase) +2] threshold,

but this again showed no significant tryptase dlena
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Discussion

To provide individualized care for patients wittug-induced HSRs, allergists must a)
answer the question “Should this patient be deseedibased on the likelihood that it will be
successful?”, b) estimate the risk of various ieastduring RDD, and c) know what to do in the
long term as well as in the acute setting shoutdpiitient experience a reaction during or shortly
after RDD. RDD is a critical tool for repeated adisiration of oxaliplatin for patients with
colorectal malignancy and oxaliplatin hypersengitiwho are otherwise unable to receive this
first line, life-saving therapy**? Here, we expand oxaliplatin HSR classificatiogdrel the
classic Type | of the Coombs and Gell system basedinical endophenotyping. This more
detailed description of oxaliplatin HSRs allowseadjists to start to address the three issues
above and thus helps guide personalized managerhpatients. Based on our findings, we
propose an algorithm to guide oxaliplatin deseraiton protocol design and premedication

selection (Figure 6).

We found that symptoms that clustered togethemndunitial reactions often remained
associated during desensitization reactions. Ratiehose initial reactions were Type |
responded well to desensitization, consistent piivious experience, as did those who had
initial Either or Mixed reactions. However, the iy of patients with initial CRR continued to
have CRRs during RDD. Importantly, nearly 40% diqras with initial Type | HSR converted
to another endophenotype (most commonly CRR ona@dlieactions) during RDD. Our data
suggest that desensitization is most effectivelfgre |, Either, and Mixed reactions, and is less

efficacious for CRR symptoms/reactions. Importantiywever, even patients who reacted
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during RDD, regardless of their reaction endophgmmatwere able to complete their infusions
and thus receive the entire dose of oxaliplatin.

As has been previously shown for monoclonal anidgsmdhe most common initial HSR
was Type |, though during desensitization CRR arixkl symptoms were frequérit=?
Network diagrams revealed global shifts in symptgpe and frequency from predominantly
Type | HSRs during initial reactions to predomingi@RRs during desensitization. Our data
indicate that RDD effectively addresses Type | HBRIsis not as effective for CRRs. The
conversion to CRR during desensitization was unebgoe We anticipated that patients with
initial Type | reactions would be responders. Ididn, we expected patients with an initial
Mixed reaction to convert to the CRR endophenotggejesensitization was anticipated to
address their Type | symptoms but not their CRR@gms, unmasking the latter. Instead, while
the number of patients with an initial Mixed reactiwas small (n = 4), all were responders. In
our experience, oxaliplatin differs sharply frompdatin and carboplatin in this regard, as CRR
symptoms and reactions occur much less frequeftdy @xposure to those latter two agents.
Whether desensitization promotes CRRs in indivislpaédisposed to this form of
hypersensitivity by allowing patients with initifiiype | reactions to continue to receive
oxaliplatin is currently unknown. The same is taii¢he cellular source(s) and basic

mechanisms of CRRs.

We found selected clinical variables useful in deiaing oxaliplatin HSR
endophenotypes and associated with RDD outcomesging patient age, history of atopy, and
serum IL-6 measured during or shortly after an RB&ction. Patients with a Type | RDD

reaction were significantly older than patientstmatCRR RDD reaction. Patients with a history
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of atopy were more likely to have a Type | reaciiatially and during RDD. A limitation of
these findings is that our analysis was univarigaie not multivariate, as the effect size or the
confidence level of multivariate analysis couldliibated by small subgroup sizes. We continue
to collect information on oxaliplatin hypersensgtigatients and future studies with a larger data

set will be subjected to multivariable analysis.

Like others, we found that elevation of serum Ils@& marker of oxaliplatin CRRs
during RDD>**. Increased serum concentrations of IL-6 and ThRalkre associated with
advanced colorectal cancer and decreased suraivdimay play roles in both oxaliplatin
allergic reactions and in tumor respori3e4 Our patient population has an elevated IL-6 at
baseline (Figure 5). Whether IL-6 elevations atevant for CRRs occurring in the setting of
other platin- or of taxane-based chemotherapiesogional antibodies, and antibiotics is an
area of active interest. Oxaliplatin is currentyed predominantly in the treatment of colorectal
cancer and we do not know its HSR profile in otim@tignancies. Other platins, such as
carboplatin and cisplatin, are used in the treatroéa variety of ovarian and gynecologic
malignancies without commonly causing significaRR3, which may support the hypothesis
that a CRR endophenotype is platin-colorectal caspecifi¢ 222330-32383%g has been found
among patients with CRRs in the context of CAR [T tberapy, inhibition of IL-6 with

tocilizumab suggests itself as a possible treatfhient

A number of other variables did not contribute gigantly to oxaliplatin HSR
endophenotyping. Although serum tryptase is comsitla reliable marker of anaphylaxis,

values were not significantly elevated in patiemith oxaliplatin HSRs of any endophenotype



355 and were not useful in predicting RDD reaction tygewever, our data are limited and this

356  issue requires further investigation, especialtydetection of small but potentially significant
357 differences between an individual patient’s baselialue and the value observed during a

358 reaction (Figure 5). Given its longstanding useweoeld consider an elevated serum tryptase in
359  a patient with an HSR to be helpful in charactegzine reaction as Type |.

360

361 Interestingly, oxaliplatin skin testing was alsd helpful in endophenotyping or in

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

363  patients were more likely to have a Type | RDD tieaccompared to skin test positive patients.
364  Previous studies have found an increased frequeit@action with positive skin test during

365 desensitizatiotf. Among our patients, there was no statisticalijiicant association between
366  skin testing and factors such as desensitizatiactien grade or frequency (Table E1). In this
367 context, it is important to note that a previousdgtthat included a subgroup of 74 oxaliplatin-
368  reactive patients who underwent skin testing, messent of oxaliplatin-specific serum IgE,

369 and drug provocation testing determined that skstirig sensitivity was 57.5%, specificity was
370  91.7%, positive predictive value was 92%, and negatredictive value was 56.4 (see Alvarez-
371  Cuesta Eet al Allergy 2015; 70: 784-794). That study documertteziclinical features and

372 severity of reactions, but did not endophenotygeatkaliplatin reactions or further analyze this
373 subgroup with respect to the value of oxaliplakimgesting.

374

375 Long-term tolerization through repeat desensitiregihas been described for monoclonal
376 antibodies and other platih®*>*. Herein, we found a steady decline in the percgntd

377  patients reacting on repeated oxaliplatin deseasitins, possibly indicating tolerance (Figure
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1E-C). Relative to reported tolerization to othkemmotherapeutics, the percentage of reactions
to oxaliplatin is higher but tolerance may be tians”, as we observed a rise in the rate of RDD
reactions for those patients who completed 14 dstsgations (albeit with limited patient
number). This, along with CRR symptoms during HSRanother manifestation of the
atypicality of oxaliplatin. Our data indicate tlagiven patient’s RDD reaction endophenotype is
generally cemented after approximately three déseatsons; if they react during RDD, patients
tend to do so within the first three oxaliplatirsdasitizations and are otherwise unlikely to react
during subsequent desensitizations (Figure E1-Byekheless, while specialists can reassure
patients with this trend (“three [desensitizatisnthout reaction] and you're free”), they must

remain vigilant even with patients who have toledamultiple desensitizations.

We also observed oxaliplatin induced reactionsdioatot fall under the
endophenotyping scheme used for this study. Thessgions were consistent with previously
reported datd?**! Three patients had Coombs and Gell Type Il hygresisivity, two had
thrombocytopenia, one had hemolytic anemia, onematad a seizure, while others reported
numbness, weakness, and paresthesias. A singkmpatily displayed a delayed Coombs and

Gell Type IV HSR in the form of a rash.

Reaction endophenotype directly impacts persordjizetocol design and premedication
regimens (Figure 6). As indicated in Figure 6,dleeision to use either a 3 bag/12 stepora 4
bag/16 step protocol largely depends upon inigattion grade, patient clinical status (acuity

and severity of comorbidities), and adverse resptms prior 3 bag/12 step protocol, as
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opposed to a particular endophenotype. While désaat®on is primarily meant to ameliorate

Type | HSRs, it is also effective for Either andxgld reactions (Figure 2).

Patients with initial CRRs tend to continue to engrece CRRs during desensitization
and benefit from blockade of cytokine effects witie empiric addition of NSAIDs and
intravenous fluids to their premedication regimémgust prior to protocol steps known from
previous RDDs to trigger intense symptoms). Patientder 50 years of age and those with many
prior exposures to oxaliplatin (>14) may also bérfedm cytokine blockade measures (Figure
3C, 4B) Non-atopic patients with an initial Typeddophenotype have a high chance of
converting to a CRR and may also benefit from pre@ra inclusion of NSAIDs and
intravenous fluids in their premedication regimdpatients with atopy and those >50 years old
are predisposed to Type 1 reactions (Figure 3A,at) may benefit from H1 and H2 blockade,
but not from medications intended to antagonizelaye effects. In patients with persistent
CRR reactions despite the use of NSAIDs and agygeebé fluids, steroid premedication should
be considered, taking into account the patiengstien grade, variety and severity of clinical

comorbidities, acuity, and oxaliplatin exposuredrsg.

In conclusion, the diversity and atypicality of dpéatin HSRs compared to other platins
offer fertile ground for clinical endophenotypinghile in its infancy, endophenotyping of drug
HSRs may offer specialists a tool to forecast likelsponses to RDD and the development of
tolerance. Just as diagnostic endophenotyping érefibed fields such as cancer and asthma, an
analogous approach toward chemotherapeutic hypstisety may limit reaction risk during

RDD while optimizing administration of first linéérapy for metastatic colorectal cancer.
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Future investigations will determine whether simgéadophenotyping can address HSRs to

monoclonal antibodies, taxanes, and other plaasetl chemotherapies.
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FIGURE LEGENDS:

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

initial and desensitization reaction, (B) initiglaction symptoms network map (n=49), (C)
desensitization reaction symptoms network map @)= Metwork map: radius of node
(circle) is directly proportional to the numberaxfcurrences of that symptom, thickness of
edge (line) connecting two nodes is directly proipoal to the frequency of co-

occurrence of the two corresponding symptoms.

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

markers and desensitization course for 266 conglddsensitization protocols in 49
patients. X-axis: F = IV fluids were administerether initially or in the indicated
desensitization (boxes above) and once started adenénistered with every subsequent
desensitization, Initial Reaction = endophenotypte initial reaction, Age = patient age
in years at first desensitization, Exposure = nunalb@xposures to oxaliplatin at the time
of the initial HSR (N = not recorded), Atopy = tisf of atopy (+ = yes, — = no), ADR =
history of previous adverse drug reaction (+ = yes,no), ST = oxaliplatin skin test
result (+ = positive, — = negative, np = not pearfed), Initial grade = initial reaction
severity. Y-axis: D1 = desensitization #t cetera). Gray boxes indicate desensitizations
without a reaction. Colored boxes indicate desaagions with reactions, with the color
indicating the endophenotype and the number inidigdhe reaction severity. Initial
reaction grades were as follows: grade 1 n = JafjggP n= 24, and grade 3 n= 10.
Desensitization reactions were as follows grade Q01, grade 1 n= 31, grade 2 n= 36,

and grade 3 n=6
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Figure 3: Endophenotypic Correlations with Patient Clinical Characteristics. (A) History of
Atopy corresponding to initial and desensitizatieaction endophenotype. (B)
Correlation between positive and negative skinresilts and initial/desensitization
reaction endophenotypes. (C) Relationship betweahpatin exposure and
initial/desensitization reaction endophenotypesd R@ype 1, Purple = Mixed, Blue =
CRR, Yellow = Either, Green = no reaction. P vaignificance: * p< 0.05, **p<0.01,

**+ p< 0.001.

Figure4: Age Correlationswith Phenotype and Grade of Reaction. (A) Grade of initial and
desensitization reaction correlated with age. nstssignificant. (B) reaction
endophenotypes correlated with age. Red = Typerplé= Mixed, Blue = Cytokine,
Yellow = Either, Green = no reaction. n = numbepafients. P value significance: * p<

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

Figure5: Biomarkers for endophenotypes. Baseline IL-6 ayptase levels were obtained for 6
and 5 patients, respectively, before the first deization. IL-6 and tryptase values for
Type-1 and cytokine HSRs during desensitizatiomalBe significance: * p< 0.05, **p<

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

Figure 6: Oxaliplatin Protocol and Premedication Algorithm
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TABLE LEGENDS:

Table 1: Demographic and Patient Characteristi@RAlistory was based on documentation in
the patient’s electronic medical record. Exposuléetime exposures to oxaliplatin at the

time of the initial oxaliplatin HSR. ST = oxalipiatskin test result.
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Figure 2: Endophenotype Heat Map




Figure 3: Endophenotypic Correlations
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Figure 4: Age Correlations
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Figure 5: Biomarkers
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Figure 6: Oxaliplatin Protocol and Premedication Algorithm

A. Premedications: H, and H, 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

B. Desensitization Protocol

Initial Reaction Grade & Clinical Status

II] e / I, I, TIT***

| 4 bag, 16 Step | | 3 bag, 12 Step |

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

C. Post Desensitization Assessment

I. Initial Desensitization Protocol Outcomes

4 bag 16 Step 3 bag 12 Step
Qutcome No Reaction Reaction No Reaction Reaction
1 ILIIT 1 ILIIT
Next Desensitization
Protocol 1.Rate Limitations
3 bag 12 Step 4 bag 16 Step 2. Dose Reduction 3 bag 12 Step 4 bag 16 Step

II. Premedication modification for next desensitization

Phenotype Reaction:
No Reaction Typel Mixed Cytokine
. . .. . Consider
Continue with unchanged Additional Steps To Protocol Dose Reduction 50%, final <
premedication protocol Standard & Symptom Control rate lowered -
COX-1 inhibitors & Fluids* COX-1 inhibitors & Fluids* Steroids
(0.5mg/kg)
Premedication

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

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

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

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



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 E1LEGEND:

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



Tablel

Demographics and Patient Characteristics (n = 49)

ADR Desensitization ST
Sex Age | Atopy | History | Diagnosis | Exposure n=274 n=438
Gl Number .
Female | Mde | 535 Malignancy of ;g; Sgg::nesis;g(ljy Pos Neg
range 8 17 38 (78%) 7.3 Reactions P
(rang (range
25- | (16%) | (35%) 0-25)
26 23 [ Stage IV 32 68 28 266 26 22
(53%) | (47%) (65%) (25%) (57%) (98%) (54%) | (46%)




Table E1

Initial Grade Grade 1 Grade 2 Grade 3
Desensitization
Reaction 17.2% 33.0% 26.2% p=0.01
Frequency
Reaction Grade 1.54 1.66 2.09 ns
Skin Testing Positive Negative
Average Reaction 0.35 0.28 ns
Frequency
Average Reaction 0.61 0.45 ns
Grade
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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