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Purpose
Patients with Ewing sarcoma (ES) with metastases and those who relapse fare poorly and receive

therapies that carry significant toxicity. This phase 1/2 study was conducted to evaluate the
efficacy of figitumumab in advanced ES.

Patients and Methods
Patients with sarcoma 10 to 18 years old were enrolled in two dose escalation cohorts (20 and 30

mg/Kg intravenously every 4 weeks) in the phase 1 portion of the study. Patients with ES 10 years
old or older were enrolled in the phase 2 portion of the study. The primary phase 2 objective was
objective response rate (ORR).

Results

Thirty-one patients with ES (n = 16), osteosarcoma (n = 11), or other sarcomas (n = 4) were
enrolled in the phase 1 portion of the study. Dose escalation proceeded to 30 mg/kg every 4
weeks with no dose-limiting toxicity identified. In the phase 2 portion of the study, 107 patients
with ES received figitumumab at 30 mg/kg every 4 weeks for a median of 2 cycles (range, 1 to 16).
Sixty three percent of phase 2 patients had received at least three prior treatment regimens. Of 106
evaluable patients, 15 had a partial response (ORR, 14.2%) and 25 had stable disease. Median overall
survival was 8.9 months. Importantly, patients with a pretreatment circulating free insulin-ike growth factor
(IGF) -1 lower than 0.65 ng/mL (n = 14) had a median OS of 3.6 months, whereas those with a baseline free
IGF-1 = 0.65 ng/mL (n = 84) had a median OS of 10.4 months (P < .001).

Conclusion

Figitumumab had modest activity as single agent in advanced ES. A strong association between
pretreatment serum IGF-1 and survival benefit was identified.

J Clin Oncol 29:4534-4540. © 2011 by American Society of Clinical Oncology

body against the IGF-1R.° In a previous phase 1
study, figitumumab was well tolerated in ES (n = 16)
and two of these patients experienced objective re-
sponses.” This study was conducted to investigate
the safety and efficacy of figitumumab in ES.

Recent efforts have identified sarcoma types driven
by specific molecular events." Such is the case of the
Ewing sarcoma (ES), characterized in 85% of pa-
tients by the translocation ES gene/friend leukemia
virus integration 1 (EWS/FLI-1).> EWS/FLI-1 re-
duces tumor insulin-like growth factor (IGF) bind-
ing protein 3 expression, facilitating the bioactivity
of IGFs at tumor sites.” Also, the IGF type 1 receptor
(IGF-1R) is required for EWS/FLI-1-mediated
transformation,* and targeting this receptor has
been shown to decrease tumor growth, metastasis,

Patients

Study A4021020 was a multicenter, open label, phase
1/phase 2 clinical trial. The trial population included
patients with a histologically confirmed diagnosis of
osseous or extraosseous ES including variants with neu-
ral differentiation (eg, peripheral neuroectodermal tu-

vasculogenicity, and angiogenesis of ES.”
Figitumumab (CP-751,871) is a highly specific,
fully human, immunoglobulin 2 monoclonal anti-
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mors [PNET]). In addition, the phase 1 portion of the
study enrolled also patients with relapsed/refractory osteo-
sarcoma, rhabdomyosarcoma, desmoplastic small round
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cell tumors, and other undifferentiated sarcomas and it was limited to 10- to
18-year-old patients. Other key inclusion/exclusion criteria were: disease state
for which there is no known curative therapy or therapy proven to prolong
survival with an acceptable quality of life; Eastern Cooperative Oncology
Group performance status of 0 to 2 or a Lansky play scale = 50; absolute
neutrophil count = 1,000/mL without growth factor support; platelets
= 75,000/mL (previous transfusion was allowed); hemoglobin = 8 g/dL
(previous transfusion allowed); total bilirubin = 1.5 times the upper limit
of normal (ULN) for age (except for Gilbert’s syndrome patients); serum
ALT = 2.5 X ULN; AST = 2.5 X ULN; serum creatinine < 1.5 X ULN for
age; cardiac ejection fraction = 50% or shortening fraction = 28%j; at least
1 week from prior radiotherapy provided that it was not at the only site of
measurable disease; fully recovered (< grade 1 as defined by the National
Cancer Institute Common Toxicity Criteria for Adverse Events, version 3.0
or deemed irreversible) from the acute effects of prior systemic therapy,
including 2 weeks since previous chemotherapy (8 weeks for mitomycin or
nitrosoureas) and 4 weeks from prior biologic therapy; written voluntary
informed consent (adults), parent or legal guardian consent or patient
assent/parent permission for minors; no prior anti-IGF-1R therapy; no
symptomatic brain metastases, significant active cardiac disease, infection,
insulin-dependent diabetes, or concurrent use of high-dose steroids.

Study Design and Procedures

The phase 1 portion of the study enrolled two dosing cohorts with at least
three patients/cohort testing the safety and tolerability of figitumumab at doses
of 20 and 30 mg/kg every 4 weeks. An additional dose, identical to the one
given on cycle 1 day 1, was given on cycle 1 day 2. Figitumumab at 30 mg/kg
every 4 weeks was the phase 2 regimen. Patients continued figitumumab
treatment until progression, unacceptable toxicity, or withdrawal of consent.
Based on experimental data supporting the combination of figitumumab with
rapamycin in ES,? patients who would be otherwise discontinued from the
study due to disease progression, or who experienced less than a partial re-
sponse to figitumumab at cycle 4 and beyond, were eligible to receive salvage
therapy with oral rapamycin (2 to 4 mg/d) in combination with figitumumab.
No objective responses were seen in these patients and this portion of the study
will be reported elsewhere. Use of concomitant supportive therapies was al-
lowed. Patients requiring dose reduction of figitumumab received the reduced
dose for the remainder of the study. A maximum of two dose reductions were
allowed. Cycle delays of up to 8 weeks from the last dose were permitted for
recovery from adverse events.

Toxicities were assessed using National Cancer Institute Common
Toxicity Criteria for Adverse Events, version 3.0. Dose-limiting toxicities
(DLTs) included the following figitumumab-related cycle 1 adverse events
(AEs). Any grade = 3 AEs despite optimal supportive care except grade 3
isolated gamma glutamyl transferase (GGT) elevation and grade 3 asthe-
nia, grade = 3 GGT elevation with ALT and AST higher than 2.5 X ULN,
grade 4 GGT elevation, grade 4 asthenia, and grade = 3 hyperglycemia not
manageable with antidiabetic medication. Before enrollment, at each treat-
ment visit, and at treatment discontinuation, patients underwent safety
laboratory testing (ie, blood chemistry, hematology) and were queried for
AEs and concomitant medication use.

During the phase 1 portion of the study, blood samples for pharmacoki-
netic (PK) analysis of figitumumab were collected at preinfusion (within 2
hours before day 1 figitumumab dosing) in cycles 1, 2, 4, 5, and 6; at 1-hour
post infusion on cycle 1 day 2 and cycle 5 day 1; on day 8 of cycles 1 and 5; and,
whenever possible, at 28 and 150 days after the last figitumumab dose. In
patients enrolled into the phase 2 study portion, blood samples for figitu-
mumab PK were collected at preinfusion (within 2 hours before day 1 dosing)
incycles 1,4, 5,and 6; at 1 hour postinfusion on cycle 5 day 1; and at 28 and 150
days after the last figitumumab dose. Figitumumab PK was analyzed as de-
scribed previously.’

Pharmacodynamic serum markers investigated included growth hor-
mone, IGF-1 (total and free), glucose, and insulin. Samples, obtained after
fasting, were taken at each treatment cycle starting at cycle 1 day 1. Provision of
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tissue for the analysis of IGF-1R and related molecules as well as EWS translo-
cations was voluntary.

Tumor assessments were conducted at baseline and repeated every 8
weeks until disease progression. Disease status was assessed by investigator
according to Response Evaluation Criteria in Solid Tumors (RECIST).

The study protocol was approved by institutional review boards/ethics
committees and it was conducted in accordance with local regulations.

Statistical Analysis

The primary end point of the phase 2 portion of the study was objective
response according to RECIST. The null hypothesis was 10% ORR. The
planned sample size was 100 evaluable patients. This design had a significance
level 0of 0.04% and 87% power to detect a true ORR of 20%. The Kaplan-Meier
method was used to estimate medians for progression-free survival (PFS) and
overall survival (OS). Cox proportional hazards regression analysis was used to
test biomarker associations with efficacy end points. Statistical analysis was
conducted using R 2.11.1 Software (R Foundation for Statistical Computing,
Vienna, Austria; http://www.r-project.org/).

Study Population

The safety and tolerability of figitumumab in adult patients have
been well established.'® Since the peak incidence of ES occurs in
adolescents,” the phase 1 portion of the study focused on those pa-
tients and enrolled only 10- to 18-year-old patients (n = 31). In the
phase 2 portion of the study, 107 patients = 10 years of age with a
histologically confirmed diagnosis of ES were enrolled between July
2008 and October 2009 (Fig 1). Demographic characteristics of the
study patients are summarized in Table 1.

Safety and Tolerability

In the phase 1 portion of the study, patients received figitu-
mumab intravenously every 4 weeks in 2 dose escalation cohorts at 20
(n = 4) and 30 mg/kg (n = 8). The 30 mg/kg cohort was expanded

Patients screened
(N =122)

Excluded
(n=15)

ES patients enrolled
(n=107)

Provided serum samples (n =98)
Provided tumor tissue (n=64)

Dosed F 30 mg/kg every 4 weeks
(n=107)

Dosed rapamycin salvage
(n=29)

Analyzed for safety and efficacy
(n=107)

Analyzed for serum biomarker interaction
(n =98)

Fig 1. Phase 2 schema. ES, Ewing sarcoma; F, figitumumab.
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Table 1. Demographic Characteristics
Patients by Phase
1(n=31) 2 (n = 107)
Characteristic No. % No. %
Age, years
Median 16 18
Range 11-18 10-62
Sex
Male 20 64.5 67 62.6
Female 11 355 40 37.4
ECOG performance status
0 16 51.6 53 49.5
1 12 38.7 44 411
2 3 9.7 10 9.3
Clinical stage at study entry
Local recurrence — — 3 2.8
Metastatic 31 100 104 97.2
Tumor type
ES 16 51.6 107 100
Osteosarcoma 11 35.5 — —
Other sarcoma 4 12.9 — —
Prior chemotherapy regimens
1 4 12.9 13 121
2 7 22.6 27 25.2
3 4 12.9 23 21.5
=4 16 51.6 44 411
Prior radiotherapy 22 71.0 94 87.9
Prior surgery 31 100 101 94.4
Abbreviations: ECOG, Eastern Cooperative Oncology Group; ES, Ew-
ing sarcoma.

with an additional 19 patients. Median numbers of treatment
cycles were 2.5 (range, 1 to 12) and 2 (range, 1 to 13) for 20 and 30
mg/kg, respectively. No cycle 1 DLTs were identified. Grade = 3
figitumumab-related AEs observed at cycle 2 and beyond included:
grade 4 tumor pain (n = 1) and grade 3 lymphopenia, thrombo-
cytopenia, fatigue, GGT elevation, headache, dizziness, and dys-
pnea (n = 1, each).

In the phase 2 portion of the study, patients received a median of
2 cycles (range, 1 to 16) of figitumumab at 30 mg/kg every 4 weeks.
There were three AE-related dose reductions: one instance of grade 2
headache, one instance of grade 2 weight loss, and one instance of
grade 3 thrombocytopenia. There was one dose omission due to grade
2 hyperglycemia that resolved with antidiabetes management. There
were no grade 5 treatment related AEs reported. Table 2 displays all
treatment emergent AEs that occurred with a frequency higher than
10% in phase 2 patients, irrespectively of causality. In addition, there
were two grade 4 AFs attributed to figitumumab—decrease appetite
and leukemia. The case of leukemia, M2 with t (8;21) (q22;q22),
presented after one cycle of figitumumab therapy in a patient treated
before study entry with two multiagent chemotherapy regimens that
included doxorubicin and etoposide. Two additional cases of leuke-
mia (grade 4) were reported on study. One event that was attributed to
rapamycin in combination with figitumumab, appeared in a patient
that received one cycle of figitumumab followed by two cycles of
figitumumab and rapamycin. The second case was attributed to prior
etoposide treatment in a patient that received seven cycles of figitu-
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mumab. Three cases of grade 3 hyperglycemia, three cases of grade 3
liver enzymes increase, one case of grade 3 mucositis, and two cases of
grade 3 neutropenia were also attributed to figitumumab treatment
by investigator.

Efficacy End Points

One partial response (RECIST) was observed in the phase 1
portion of the study in a patient with ES. In the phase 2 portion, of the
106 patients evaluable for objective response, 15 had partial responses
(ORR, 14.2%; 95% CI, 8.1% to 22.3%) and 25 stable disease. Twelve of
15 objective responses were seen at cycle 2. Median duration of re-
sponse was 4.7 (95% CI, 3.7 to 6.1) months. There was no apparent
difference in response rate by age group (10 to 18 v > 18 years) or
clinical stage (local v metastatic recurrence). Median number of prior
systemic therapies in responders was 2 (range of 1 to 5).

PES and OS were investigated as secondary end points. Figure
2 shows the Kaplan-Meier plots for PFS and OS for patients en-
rolled in the phase 2 portion of the study. Median PFS and OS were
respectively 1.9 (95% CI, 1.8 to 2.8) and 8.9 (95% CI, 7.2 to 11.1)
months (n = 107). Exploratory analyses were conducted by age
group, clinical stage, presence of lung, bone metastases or both, or
number of prior systemic therapy regimens. No significant differ-
ences were observed.

PK Findings

At the time of the preparation of this article, PK data were avail-
able from 51 patients: four patients who received figitumumab at 20
mg/kg and 47 at 30 mg/kg. PK parameters are summarized in Table 3.
Of note, the maximum figitumumab concentration (Cmax) and the
area under the plasma concentration-time curve within the 4-week
dose interval (AUC,_4,5) in cycle 1 post loading dose were similar to
those at steady-state (cycle 5). Although the sample size was small, it is
noteworthy to indicate also that PK parameters were similar between
the 10 to 18 years and the older than 18 years age group. At 30 mg/kg,
the cycle 5 Cmax was 944 * 353 mg/L (= standard deviation) in
patients 10 to 18 yearsold (n = 24) whereasa Cmax of 843 = 353 mg/L
was observed in those older than 18 years (n = 8).

Pharmacodynamic Findings

Sixty-five tumor tissue samples and 98 serum samples were pro-
vided in the phase 2 portion of the study. The characterization of
IGF-1R expression and related proteins in the tumor samples is cur-
rently ongoing and will be described elsewhere. No association be-
tween translocation type and efficacy end point was identified. Of the
10 patients with objective response for whom translocation informa-
tion was available, nine had the EWS-FLI (type I or II) translocation
and one had EWS-ERG. Of the 37 nonresponders with available
karyotype information, 32 had EWS-FLI and five had EWS-ERG.
Pretreatment (cycle 1 day 1) serum samples were analyzed for total
and free IGF-1 content. Median and 95% reference intervals for serum
free and total IGF-1 were 1.55 (95% CI, 0.34 to 6.14) and 188.50
ng/mL (95% CI, 60.36 to 482.0), respectively. The association of these
parameters with efficacy end points was investigated. No significant
relationship between ORR and serum marker levels was observed. A
late improvement of PFS in patients with elevated free IGF-1 was
observed (log-rank P <.001) but the effect on median PFS was minor.
In contrast, analysis of OS by baseline serum marker criteria revealed a

JOURNAL OF CLINICAL ONCOLOGY
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Table 2. Treatment Emergent Adverse Events of All Causality With a Frequency > 10% in Phase 2 Patients
Grade
1 2 3 4 All
Adverse Event (n = 107) No. % No. % No. % No. % No. %
Fatigue 13 121 12 11.2 2 1.9 0 27 25.2
Decreased appetite 13 12.1 8 7.5 1 0.9 1 0.9 23 216
Headache 11 10.3 7 6.5 2 1.9 0 20 18.7
Muscle spasm 13 12.1 5 4.7 2 1.9 0 20 18.7
Back pain 3 2.8 10 9.3 5 4.7 1 0.9 19 17.8
Constipation 10 9.3 8 7.5 1 0.9 0 19 17.8
Dyspnea 7 6.5 7 6.5 3 2.8 1 0.9 19* 17.8
Vomiting 9 8.4 7 6.5 3 2.8 0 19 17.8
Cough 13 12.1 4 3.7 0 0 17 15.9
Nausea 9 8.4 6 5.6 1 0.9 0 16 15
Pyrexia 14 13.1 2 1.9 0 0 16 15
Chest pain 3 2.8 8 7.5 3 2.8 1 0.9 15 14
Diarrhea 14 131 1 0.9 0 0 15 14
Anemia 1 0.9 8 7.5 3 2.8 2 1.9 14 13.1
Ocular hyperemia 12 11.2 2 1.9 0 0 14 13.1
Asthenia 8 7.5 4 3.7 1 0.9 0 13 121
Hyperglycemia 7 6.5 8 2.8 3 2.8 0 13 12.1
Weight decrease 7 6.5 6 5.6 0 0 13 12.1
Thrombocytopenia 6 5.6 1 0.9 2 1.9 3 2.8 12 11.2
Arthralgia 5 4.7 3 2.8 3 2.8 0 1 10.3
Musculoskeletal pain 4 3.7 7 6.5 1 0.9 0 11 10.3
“One grade 5 event of dyspnea attributed to disease progression was reported.

number of key observations. Significant biomarker/treatment out-
come associations were seen for free IGF-1 in the 0.4 to 0.85 ng/mL
range and for total IGF-1 in the 60 to 130 ng/mL range, with the
highest P values in the Cox hazards model observed for 0.65 ng/mL of
free IGF-1 and 110 ng/mL of total IGF-1. Free IGF-1 was the most
discriminating factor. Patients with a pretreatment circulating free
IGF-1 level lower than 0.65 ng/mL (n = 14) had a median OS of 3.65
months (95% CI, 2.1 to 8.0) whereas those with baseline free IGF-1
concentration = 0.65 ng/mL (n = 84) had a median OS of 10.4 (95%
CI, 8.4 to 12.2) months (Fig 3A). The estimated OS hazard ratio
between these free IGF-1 defined populations was 0.30 (95% CI, 0.16
to 0.56; log-rank P < .001). Similarly, patients with a pretreatment
circulating total IGF-1 lower than 110 ng/mL (n = 17) had a median
OS of 4.4 months (95% CI, 2.2 to 7.5) whereas those with a baseline
total IGF-1 = 110 ng/mL (n = 81) had a median OS of 10.6 months
(95% CI, 8.8 to 13.0; Fig 3B). The estimated OS hazard ratio between
the total IGF-1 defined populations was 0.28 (95% CI, 0.15 to 0.51;
log-rank P < .001). The agreement between both classification
criteria (free IGF-1 < 0.65 or = 0.65 ng/mL, and total IGF-1 < 110
or = 110 ng/mL) was good (concordance kappa = 0.6) but the use
of both criteria did not appear to improve the diagnostic value of
using the free IGF-1 test alone (not shown). Also, the association
of free IGF-1 to survival benefit did not appear to be the result of
differences in baseline characteristics. Patients with baseline free
IGF-1 levels lower than or = 0.65 ng/mL had similar median age
(19 v 18 years), prior therapy (35.7% v 42.9% received four or more
previous regimens). Both subsets had similar rate of metastatic
disease (100% v 96.4%) and tumor burden (57.1% v 72.6% had
only one or two tumor lesions).

WWW.jco.org

The OS of patient cohorts defined by free IGF-1 quartiles was also
investigated (Fig 3C). As expected, the lowest median OS (6.50
months) was observed in patients with the lowest free IGF-1 levels
(first free IGF-1 quartile, < 0.8 ng/mL, 6.5 months). However, of note,
patients with very high levels of free IGF-1 (fourth free IGF-1 quartile,
>2.3ng/mL, 7.16 months) appeared to have a reduced clinical benefit
related to those in the third or second free IGF-1 quartile (95% CI,
10.91 to 12.02 months), suggesting that while a threshold level of free
IGF-1 may be needed to observe clinical benefit from figitumumab,
excess free IGF-1 could be deleterious. Increases in growth hormone,
total and free IGF-1, and insulin levels during the course of figitu-
mumab treatment were observed as it has been described previously in
other figitumumab studies.”'® These results will be described else-
where in detail.

Our study shows that figitumumab is well tolerated and has modest
activity as a single agent in patients with relapsed and/or refractory ES.
The response rate of 14.2% in addition to the considerable number of
patients with stable disease (n = 25), and the median survival of 8.9
months, suggest that further evaluation of figitumumab would be
of interest, especially if we consider the extremely poor outcome of
these patients, the lack of new active agents, and high drug tolera-
bility. While treatment was overall well tolerated, the observation
of three events of leukemia in the current study is concerning.
Cases of figitumumab-related leukemia have not been described
previously in other types of cancer, and the risk for myelodysplasia

© 2011 by American Society of Clinical Oncology ~ 4537
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Fig 2. Kaplan-Meier curves for (A) progression-free survival and (B) overall
survival. 95% Cl boundaries are for all phase 2 study patients.

and hematologic malignancies in chemotherapy-treated patients
with ES is well known, suggesting that these events were likely
related to prior treatment.''"?

Research to help identify the subsets of patients who could ben-
efit from figitumumab treatment is crucial. An important observation

Table 3. Plasma Pharmacokinetic Parameters

Crnax (mg/L) AUC(g.428) (Mg X hr/L)
Cycle by
Dose No. of No. of
(mg/kg) Patients Mean SD Patients Mean SD
20
1" 4 545 216 3 206,000 74,900
5 2 533 997t 1 427,000
30
1* 25 1,040 279 19 364,000 76,000
5 32 918 350 7 326,000 138,000

Abbreviations: C,,,,, maximum plasma concentration within a cycle; AUC g gog),
area under the plasma concentration-time curve within the dosing interval of
28 days; SD, standard deviation.

“A loading dose consisting of two doses on 2 consecutive days was
administered in cycle 1.

TIndividual values.
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Fig 3. Association of free and total insulin-like growth factor (IGF) with
patient survival. (A) Kaplan-Meier plots for overall survival (OS) of patients with
a baseline (cycle 1 day predose) free IGF-1 lower than 0.65 ng/mL (n = 14)
versus = 0.65 ng/mL (n = 84). (B) Kaplan-Meier plots for OS of patients with
a baseline total IGF-1 lower than 110 ng/mL (n = 17) versus = 110 ng/mL (n = 81).
(C) Kaplan-Meier plots for OS by quartile of baseline (cycle 1 day predose) free
IGF-1 levels.
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of the study resulted from the analysis of OS with respect to pretreat-
ment levels of total and free IGF-1. Patients with elevated free or total
IGF-1 had significantly longer OS than those with low serum bio-
marker concentrations. Recent meta-analyses have confirmed that
IGF-1 is a negative prognostic factor for multiple carcinomas, includ-
ing those of prostate, breast, and colon."*'* There is also evidence that
high circulating IGF-1 levels increase the risk of cancer-related
death.'® Peak ES incidence coincides with the lifetime highest levels of
IGF-1 observed during puberty.'” Furthermore, a trend toward in-
creased ES survival has been reported in patients with a high circulat-
ing IGF binding protein 3 to IGF-1 ratio, suggesting that high IGF-1
bioactivity may be associated to worse ES prognosis.'® In the absence
of a control arm, we could not confirm a predictive value for high
IGF-1 levels in figitumumab-treated patients with ES. However, our
results are consistent with prior observations in other tumor types. For
example, in a phase II clinical trial of paclitaxel and carboplatin (PC)
with or without figitumumab (10 to 20 mg/kg every 3 weeks) in
advanced non—small-cell lung cancer, patients with pretreatment free
IGF-1 higher than 0.7 ng/mL (n = 46) had median PFS times of 2.63
months (PCalone), 3.97 months (PC + figitumumab 10 mg/kg) and
6.53 months (PC + figitumumab 20 mg/kg; P < .001), while no
significant difference in PFS among treatment cohorts was observed in
patients with baseline free IGF-1 < 0.7 ng/mL (n = 64)."” An addi-
tional intriguing finding was the lower than expected OS observed in
patients with very high levels of free IGF-1. This observation requires
verification in larger series. Of note, figitumumab and IGF-1 have
similar affinities for the IGF-1R and excess free IGF-1 has been shown
experimentally to reverse the inhibitory effects of an anti-IGF-1R
antibody.?>*! Thus, it is plausible that very high levels of free IGF-1
could compete with the ability of figitumumab to inhibit the IGF-1R.
This could be of relevance to adolescent patients who could require
higher figitumumab doses or the use of growth hormone antagonists
to decrease overall IGF-1 levels.”> The latter hypothesis is being
tested in a combination study of figitumumab and pegvisomant.
Overall, our results support the need of further research of circu-

lating IGF-1 and its bioactivity in figitumumab treated patients, in
addition to conventional tumor-based biomarkers.
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