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Abstract

Background: Novel therapies are needed for children, adolescents, and young adults with
relapse/refractory leukemia or solid tumors. The proteasome inhibitor carfilzomib has demonstrated
pre-clinical activity against several pediatric malignancies when used alone or in combination.
Therefore, a multicenter dose-escalation phase 1 study of carfilzomib administered in combination
with cyclophosphamide and etoposide was conducted. Methods: Study eligibility included age 6
months to < 30 years with relapsed/refractory leukemia (stratum A) or relapsed/refractory non-CNS
solid tumor (stratum B), Karnofsky/Lansky score > 50, and adequate organ function. A 5-day regimen
of cyclophosphamide 440 mg/m?/day, etoposide 100 mg/m?/day, and carfilzomib was administered
every 28 days with growth factor support. The carfilzomib starting dose was 11 mg/m?/day and dose
escalation followed a rolling-six design, managed independently for each stratum. Dose-limiting
toxicity (DLT) was assessed during the first cycle and disease response was assessed after one cycle
(stratum A) or two cycles (stratum B). Results: Thirty-eight patients were treated (14 in stratum A; 24
in stratum B). For stratum A, the maximum tolerated dose (MTD) for carfilzomib was 11 mg/m?/day.
Three DLTs were observed: thrombocytopenia, pericarditis, and posterior reversible encephalopathy
syndrome (PRES). Most patients received one cycle. For stratum B, an MTD was not reached. The
highest dose level administered and recommended phase 2 dose was 20 mg/m?/days 1-2 and 36
mg/m?/days 3-5 for cycle 1, then 36 mg/m? for days 1-5 of all subsequent cycles. There was a single
DLT of PRES. A dose expansion for additional toxicity data was conducted. Overall, twenty patients
received > 2 cycles (range, 2-14). Conclusions: A  5-day  schedule of
carfilzomib/cyclophosphamide/etoposide was well tolerated in patients with solid tumors. Patients
with sarcomas benefited most, warranting further evaluation.
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1. Introduction

Carfilzomib (Kyprolis®), a second-generation proteasome inhibitor, is a tetrapeptide
ketoepoxide-based inhibitor that is specific for the chymotrypsin-like active site of the 20S
proteasome. It is structurally and mechanistically distinct from the dipeptide boronic acid
proteasome inhibitor bortezomib (Velcade®).[1,2] In adults with multiple myeloma, a range of
dosing strategies for carfilzomib have been used, and the most common adverse events include
fatigue, neutropenia, nausea, diarrhea, thrombocytopenia, and dyspnea.[3,4] Carfilzomib has
demonstrated significant in vitro activity alone and in combination with other antineoplastic agents
against a panel of pediatric leukemic and solid tumor cell lines, including neuroblastoma, Ewing
sarcoma, osteosarcoma, rhabdomyosarcoma, and atypical teratoid rhabdoid tumor (ATRT).[5-9]

In this study, carfilzomib was combined with a chemotherapy backbone of cyclophosphamide
and etoposide, with all three agents administered daily for five days. The rationale for the use of this
backbone include: 1) In vitro studies demonstrated synergy of carfilzomib in combination with
etoposide and, synergy between cyclophosphamide and proteasome inhibitors;[5] 2) Both
cyclophosphamide and etoposide are active agents in lymphoid and myeloid pediatric leukemias
and solid tumors; 3) The combination of cyclophosphamide and etoposide has been used as a
standard regimen to treat both solid tumors and leukemias; 4) Because of extensive experience with
this chemotherapy backbone, the baseline toxicities are well known; 5) Due to the rapid clearance in
adult trials, it was thought that giving carfilzomib sequentially with the standard chemotherapy
would maximize synergy; 6) Since the cyclophosphamide and etoposide regimen is routinely
administered daily for 5 days, it could be administered on the same days as carfilzomib, utilizing the
5-day dosing schedule of the initial phase 1 adult carfilzomib trial.[10,11]

Based on adult carfilzomib trial results, [3,12,13] a phase 1 clinical trial of carfilzomib
administered in combination with cyclophosphamide and etoposide was undertaken to: 1) determine
the dose-limiting toxicities (DLTs) and the maximum tolerated dose (MTD) of carfilzomib
administered in combination with cyclophosphamide and etoposide in pediatric patients with
relapsed/refractory leukemia and solid tumors; 2) evaluate the toxicities of carfilzomib in the
pediatric population when combined with conventional chemotherapy; and 3) gather preliminary
efficacy data on the drug combination.

2. Methods

2.1. Eligibility Criteria

Patients age 6 months to < 30 years were eligible if they had relapsed/refractory leukemia,
without central nervous system (CNS) 3 involvement, in second or greater relapse or who have failed
at least one re-induction attempt after relapse or refractory disease (stratum A) or a
relapsed/refractory non-CNS solid tumor including lymphoma (stratum B). Patients with CNS
tumors were excluded due to lack of CNS penetration of carfilzomib.[14] For patients with solid
tumors, measurable disease was not required. Other eligibility criteria included: 1) life expectancy =
of 3 months; 2) Karnofsky/Lansky performance of > 50; 3) adequate bone marrow function (absolute
neutrophil count > 750/uL, platelets > 75,000/uL, and hemoglobin > 10 g/dL with or without
transfusion, unless cytopenias were secondary to leukemia or bone marrow infiltration with solid
tumor); 4) adequate liver function (AST and ALT < 3 x upper limit of normal (ULN) for age; total
bilirubin < 1.5 x ULN for age, direct bilirubin < ULN for age unless elevation can be clearly attributed
to liver leukemia or metastases); 5) adequate renal function (serum creatinine < ULN for age or a
glomerular filtration rate > 70 ml/min/1.73 m?); 6) echocardiography shortening fraction > 27%; and
7) pulse oximetry measuring > 95% saturation without supplemental oxygen. Specific eligibility and
exclusion criteria are provided in detail in Supplement 2. Informed consent was obtained from the
patients or their legal guardians before study entry in accordance with individual institutional
policies.
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2.2. Treatment and Dose Escalation

Treatment consisted of five consecutive days of cyclophosphamide 440 mg/m? IV over 60
minutes from hours 0-1, etoposide 100 mg/m? IV over 120 minutes from hours 1-3, then carfilzomib
IV over 30 minutes from hours 3-3.5. Granulocyte colony-stimulating factor (G-CSF) was started on
day 6, 24-36 hours after completion of the carfilzomib infusion. Cycles were at least 28 days long
with no maximum number a cycles a patient could receive. For dose levels 4 and 5, patients were
given carfilzomib at a dose of 20 mg/m?on days 1-2 followed by an escalation to 27 mg/m? or 36
mg/m?, respectively, for days 3-5. This ramp up to full dose approach was to prevent reactions and
improve tolerance. The full dose was given on days 1-5 for all subsequent cycles to achieve better
proteasome inhibition beyond the primary subunit targets (proteasome subunits Beta 5, and Beta 1
and 2 at higher doses).[10,11] Patients with acute leukemia or non-Hodgkin lymphoma (NHL)
received a single dose of intrathecal chemotherapy within 14 days of starting systemic therapy.

For cycle one, patients were pre-medicated with daily dexamethasone 0.1 mg/kg (max 4 mg).
Dexamethasone premedication was optional for subsequent cycles.

Carfilzomib doses were escalated following a rolling-6 study design until the MTD or the highest
dose level was reached, whichever came first.[15] DLTs were based upon toxicities observed in cycle
one only. Dose escalation was managed for each stratum independently. For stratum B, five
additional patients were enrolled at the highest dose level to further assess safety of the regimen.

Toxicities were defined according to the Common Terminology Criteria for Adverse Events
(CTCAE) of the National Cancer Institute (NCI) version 4.03.

2.3. Disease Assessment

For stratum A, bone marrow evaluation for disease assessment was performed after every
cycle. For stratum B, disease evaluation by RECIST v1.1 criteria was performed after cycles 2, 4, and
6, and then a minimum of every 3 cycles. If a subject showed signs of disease progression, disease
assessment was performed at that time. Specific response criteria for stratum B are included below.

2.4. Correlative Studies

Peripheral blood was collected for correlative studies, including evaluation of proteosome
inhibition, at multiple time points on days 1, 2, 3, and 8 of cycle 1 and days 1 and 2 of cycle 2. Samples
were banked, but not yet analyzed.

3. Results

3.1. Study Overview

The study was opened to enrollment on 02/12/2016 and closed on 03/01/2023. Accruals were
hampered by the COVID pandemic and the relocation of POETIC headquarters to Stanford in 2020.
A total of 42 patients were screened, and 38 were treated (stratum A, 14; stratum B, 24) (Figure 1).

Figure 1 Summarizes patient enrollment flow through treatment to evaluability for toxicity
and/or disease response.The median age at consent for the treatment group was 13 years (range, 3 —
24 years). The study participants were equally divided between males and females. Race/ethnicity
for the entire group was as follows: Non-Hispanic White, 20 (52.6%); Hispanic or Latino, 13 (34.2%);
Black or African American, 3 (7.9%); Asian, 1 (2.6%); and other, 1 (2.6%). (Table 1)

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202508.0616.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 11 August 2025 d0i:10.20944/preprints202508.0616.v1

4 of 11
Enrolled
n=42 ’
Screen Failure
n=4
4
Treated
n=38 ’
\ 4 v
Response only Both Toxicity only
‘ n=7 ‘ n=23 ’ ‘ n=3_§
Figure 1. Patient Flow and Assessment of Response and/or Toxicity.
Table 1. Patient Demographic Characteristics*.
Overall (n=42) Leukemia (n=16) Solid Tumor (n=26)
Age, mean (range) 13 (7-16) 7.5 (6-14) 14 (10-17)

Female, n (%) 21 (50) 7 (44) 14 (54)
Male, n (%) 21 (50) 9 (56) 12 (46)
African American, n (%) 4 (9.5) 1(6) 3(11)

Asian, n (%) 2 (4.8) 2 (12) 0 (0)
Hispanic, n (%) 15 (35.7) 6 (38) 9 (35)
Non-Hispanic White, n (%) 18 (42.9) 4 (25) 14 (54)

Other, n (%) 3(7.1) 3 (19) 0 (0)

Table 1 Summarizes patient demographic characteristics. *Includes screen failures.

3.2. DLTs, MTD and Recommended Phase 2 Dose (RP2D)

For stratum A, three DLTs were observed at dose level 2: thrombocytopenia, pericarditis, and
posterior reversible encephalopathy syndrome (PRES). Therefore, for patients with leukemia, the
MTD and RP2D for carfilzomib given daily for 5 days along with with cyclophosphamide 440
mg/m?/day and etoposide 100 mg/m?/day, was 11 mg/m?/day (dose level 1).

Only a single DLT of PRES was observed in stratum B, at dose level 5. The MTD was not
reached. With an additional dose expansion phase, a total of 11 patients were treated at dose level 5.
No further toxicities meeting the DLT definition were seen. Therefore, the the RP2D was determined
to be dose level 5, the same cyclophosphamide and etoposide dosing as above in combination with
carfilzomib 20 mg/m?/day on days 1-2 and 36 mg/m?/day on days 3-5 for the first cycle, then 36 mg/m?
for days 1-5 of all subsequent cycles.[10] (Table 2)

Table 2. Dose Escalation Levels, DLTs, MTD (Stratum A) and RP2D (Stratum B).

Tumor Type Dose Carfilzomib CPM Etoposide # Patients # Patients DLTs
Level mg/m? mg/m? mg/m? Treated Evaluable
Leukemia 1 11" 440 100 4 3 0
1 pericarditis
2 15 440 100 10 5 1 thrombocytopenia
1 PRES
Solid Tumor 1 11 440 100 3 3 0
2 15 440 100 3 2 0
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3 20 440 100 3 3 0
4 20/27 440 100 4 4 0
5 20/36™ 440 100 11 11 1 PRES

*MTD (stratum A),**RP2D (stratum B). Abbreviations: CPM, cyclophosphamide; DLTs, dose limiting toxicities;
MTD, maximum tolerated dose; PRES, posterior reversible encephalopathy syndrome; RP2D, recommended
phase 2 dose.

Table 2 Summarizes dose limiting toxicity for stratum A (leukemia) and B (solid tumors); dose
level 4 and 5 had split dosing of carfilzomib days 1-2 at 20 mg/m?, and days 3-5 at 27 or 36 mg/m?.

Of the 38 patients treated on the study, 21 patients received two or more cycles of therapy
(stratum A, 1; stratum B, 20 [range: 2 — 14 cycles]).

The most common severe adverse event (SAE) was febrile neutropenia, which was observed in
over 50% of patients at all dose levels. See tables 3 and 4 for list of severe adverse events during cycle
1 by dose level and tumor type, respectively. AEs not categorized as SAEs during cycle 1 are
presented by dose level and tumor type in tables 5 and 6, respectively. See data supplement for
additional tables for adverse events during all treatment cycles.

Table 3. Serious adverse events (SAEs) during cycle 1 by dose level in patients evaluable for toxicity (n =31).

Dose
Severe adverse event 11mg/m? 15mg/m? 20mg/m? 20/27mg/m?  20/36mg/m?
n=6 n=8 n=3 n=3 n=11
Febrile neutropenia 3 (50) 3 (37.5) 1(33.3) 2 (66.7) 5 (45.5)
Fever 1(16.7) 0 (0) 1(33.3) 0 (0) 1(9.1)
PRES 0(0) 1(12.5) 0(0) 0(0) 1(9.1)
Anaphylaxis 0 (0) 0(0) 0(0) 0(0) 1(9.1)
Anemia 0(0) 0(0) 0(0) 0(0) 1(9.1)
Central line infection 0(0) 0(0) 0(0) 0(0) 19.1)
Creatinine increased 0 (0) 0 (0) 0 (0) 0 (0) 1(9.1)
Epistaxis 1(16.7) 0(0) 0 (0) 0 (0) 0 (0)
Hypertension 0 (0) 0(0) 0(0) 0(0) 1(9.1)
Hypotension 0 (0) 0(0) 0(0) 0(0) 19.1)
Myalgia 0(0) 1(12.5) 0(0) 0(0) 0(0)
Pericarditis 0 (0) 1(12.5) 0(0) 0 (0) 0 (0)
Renal hemorrhage 0 (0) 0 (0) 0 (0) 0 (0) 1(9.1)
Skin infection 0 (0) 0(0) 0(0) 0(0) 1(9.1)
Vaginal infection 0(0) 1(12.5) 0 (0) 0(0) 0 (0)
Wound complication 0 (0) 0(0) 1(33.3) 0(0) 0(0)

Abbreviations: PRES, posterior reversible encephalopathy syndrome; n in each column = number of patients at

each dose level.

Table 3 Number and percentage of toxicity-evaluable subjects (n =31) who experienced Serious
Adverse Events (SAEs). SAEs are categorized by dose level and reported from treatment start
through the end of cycle 1. For toxicity evaluable subjects who discontinued treatment prior to the
end of cycle 1 (subjects who experienced a DLT or died before completion of the cycle), all SAEs up
to the time of discontinuation are included. Values in parentheses represent the proportion of subjects
(%) experiencing each listed SAE for each dose level.

Table 4. Serious adverse events (SAEs) during cycle 1 by tumor type in patients evaluable for toxicity (n=31).

Tumor Type
Leukemia Solid Tumor
Severe adverse event
n=8 n=23
Febrile neutropenia 5 (62.5) 9 (39.1)
Fever 1(12.5) 2 (8.7)
PRES 1 (12.5) 1(4.3)
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Anaphylaxis 0 (0) 14.3)
Anemia 0 (0) 14.3)
Central line infection 0 (0) 14.3)
Creatinine increased 0 (0) 14.3)
Epistaxis 1 (12.5) 0(0)
Hypertension 0(0) 14.3)
Hypotension 0 (0) 1(4.3)
Myalgia 1 (12.5) 0 (0)
Pericarditis 1(12.5) 0 (0)
Renal hemorrhage 0 (0) 14.3)
Skin infection 0 (0) 1(4.3)
Vaginal infection 1(12.5) 0 (0)
Wound complication 0 (0) 1(4.3)

Abbreviations: PRES, posterior reversible encephalopathy syndrome; n in each column = number of patients at

each dose level.

Table 4 Number and percentage of toxicity-evaluable subjects (n =31) who experienced Serious
Adverse Events (SAEs). SAEs are categorized by tumor type and reported from treatment start
through the end of cycle 1. For toxicity evaluable subjects who discontinued treatment prior to the
end of cycle 1 (subjects who experienced a DLT or died before completion of the cycle), all SAEs up
to the time of discontinuation are included. Values in parentheses represent the proportion of subjects
(%) experiencing each listed SAE for each tumor type.

Table 5. Adverse events (AEs) (grade >3) during cycle 1 by dose level in patients evaluable for toxicity (n = 31).

Dose
Adverse event 11mg/m? 15mg/m? 20mg/m? 20/27mg/m?  20/36mg/m?
n=6 n=8 n=3 n=3 n=11
Platelet count decreased 4 (66.7) 8 (100) 3 (100) 3 (100) 10 (90.9)
White blood cell decreased 5 (83.3) 7 (87.5) 3 (100) 3 (100) 10 (90.9)
Lymphocyte count decreased 4 (66.7) 6 (75) 1(33.3) 2 (66.7) 10 (90.9)
Neutrophil count decreased 4 (66.7) 5 (62.5) 3 (100) 2 (66.7) 9 (81.8)
Anemia 4 (66.7) 5 (62.5) 3 (100) 1(33.3) 9 (81.8)
Hypokalemia 1(16.7) 2 (25) 1(33.3) 0 (0) 1(9.1)
Febrile neutropenia 1(16.7) 3 (37.5) 0 (0) 0 (0) 0 (0)
Gamma-glutamyl transferase
nereased 3 (50) 1(12.5) 0(0) 0(0) 0(0)
Hypoxia 0 (0) 2 (25) 0 (0) 0 (0) 2 (18.2)
Alanine aminotransferase increased 1(16.7) 1(12.5) 0 (0) 1(33.3) 0 (0)
Abdominal pain 0(0) 1(12.5) 0(0) 0(0) 1(9.1)
Aspartate aminotransferase increased 0 (0) 1 (12.5) 0(0) 1(33.3) 0(0)
Back pain 1(16.7) 1(12.5) 0(0) 0(0) 0 (0)
Hyponatremia 1(16.7) 0 (0) 0 (0) 0 (0) 1(9.1)
Hypotension 1 (16.7) 0 (0) 0 (0) 0 (0) 19.1)
Skin infection 0 (0) 1(12.5) 0 (0) 0 (0) 1(9.1)

n in each column = number of patients at each dose level.

Table 5 Number and percentage of toxicity-evaluable subjects (n =31) who experienced Adverse
Events (AEs) of grade 3 or higher. AEs are categorized by dose level and reported from treatment
start through the end of cycle 1. For subjects who discontinued treatment prior to the end of cycle 1
(subjects who experienced a DLT or died before completion of the cycle), all AEs up to the time of
discontinuation are included. Values in parentheses represent the proportion of subjects (%)
experiencing each listed AE for each dose level. Only AEs reported in more than 5% of all subjects
are included.
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https://doi.org/10.20944/preprints202508.0616.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 11 August 2025 d0i:10.20944/preprints202508.0616.v1

7 of 11

Table 6. Adverse avents (AEs) (grade >3) during cycle 1 by tumor type in patients evaluable for toxicity (n =

31).
Tumor Type
Adverse Event Leukemia Solid Tumor
n=8 n=23
Platelet count decreased 8 (100) 20 (87)
White blood cell decreased 8 (100) 20 (87)
Lymphocyte count decreased 8 (100) 15 (65.2)
Neutrophil count decreased 6 (75) 17 (73.9)
Anemia 8 (100) 14 (60.9)
Hypokalemia 3 (37.5) 2 (8.7)
Febrile neutropenia 4 (50) 0 (0)
Gamma-glutamyl transferase increased 3 (37.5) 1(4.3)
Hypoxia 2 (25) 2 (8.7)
Alanine aminotransferase increased 1 (12.5) 2 (8.7)
Abdominal pain 1(12.5) 1(4.3)
Aspartate aminotransferase increased 1(12.5) 1(4.3)
Back pain 2 (25) 0 (0)
Hyponatremia 1 (12.5) 1(4.3)
Hypotension 1(12.5) 1(4.3)
Skin infection 1 (12.5) 1(4.3)

n in each column = number of patients at each dose level.

Table 6 Number and percentage of toxicity-evaluable subjects (n=31) who experienced Adverse
Events (AEs) of grade 3 or higher. AEs are categorized by tumor type and reported from treatment
start through the end of cycle 1. For subjects who discontinued treatment prior to the end of cycle 1
(subjects who experienced a DLT or died before completion of the cycle), all AEs up to the time of
discontinuation are included. Values in parentheses represent the proportion of subjects (%)
experiencing each listed AE for each tumor type. Only AEs reported in more than 5% of all subjects
are included.

3.3. Disease Response

Disease responses were observed in both strata at all dose levels. Three objective responses were
observed in stratum A - one complete remission with incomplete platelet recovery (CRp) (mature B-
cell leukemia) and two partial responses (PRs) (AML; pre-B ALL).

In stratum B, three PRs (germ cell tumor, non-Hodgkin lymphoma and hepatoblastoma) and
four stable diseases (SDs) (rhabdomyosarcoma, teratoma, and two cases of osteosarcoma (OS)) were
observed based upon the RECIST criteria (Figure 2). Of note, the two patients with OS had no
evidence of disease progression after four and five cycles, respectively.

Eight patients were enrolled in stratum B without measurable disease, primarily due to lung
metastases not meeting the RECIST criteria. Of the six study patients who received > six cycles of
treatment, four did not have measurable disease. One patient with synovial sarcoma and lung
metastases received fourteen cycles at dose level 1, achieving pathologically confirmed CR, and is
still alive and well more than seven years after completion of protocol therapy.[16] Two patients with
OS received eight and nine cycles, respectively, without evidence of progressive disease when the
protocol therapy was discontinued. In the first case, the patient refused to continue treatment, and in
the second case, the treating physician elected to discontinue treatment to limit exposure to etoposide.
One patient with hepatoblastoma received six cycles before the alpha-fetoprotein level started to rise.
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Figure 2. Swimmer Plot for Stratum B (Solid Tumor).

Figure 2 Shows a swimmer plot for stratum B (solid tumors). Dose levels are coded by colors,
from bottom level 1 to top level 5. Several patients at all dose levels transitioned to other therapies.
Figure shows number of days until death in red, and alive in green. The numbers correspond to last
study follow-up.

4. Discussion

Proteasome inhibition has been shown to effectively kill tumors in cells that have acquired
resistance to other anti-cancer treatments. Carfilzomib is an irreversible epoxyketone and second-
generation proteasome inhibitor. Its clinical development has focused primarily on hematologic
malignancies in adults, particularly multiple myeloma. In vitro studies of carfilzomib performed on
solid tumor pediatric cancer cell lines provided data and the rationale for developing a clinical trial
incorporating carfilzomib into a standard chemotherapy backbone of cyclophosphamide and
etoposide in patients with relapse/refractory leukemia or non-CNS solid tumors. [5]

This trial used a 5-day schedule, whereas the majority of previous trials of carfilzomib used a 2-
day per week schedule for patient convenience.[10,12,13] The 5-day dosing schedule of carfilzomib,
cyclophosphamide, and etoposide, chosen for this trial to maximize synergy, was well tolerated with
a toxicity profile similar to that observed with the chemotherapy backbone by itself as well as other
multi-agent chemotherapy regimens. As expected, myelosuppression with febrile neutropenia was
the main adverse event observed in the trial.

The MTD for leukemia patients (stratum A) was established at dose level 1 (carfilzomib dose 11
mg/m?/day x 5 days), with thrombocytopenia, PRES, and pericarditis as the observed DLTs. It is
unclear whether PRES should be attributed to the carfilzomib since dexamethasone, which was
administered daily for 5 days prior to each carfilzomib dose to reduce infusion reactions during cycle
1, is known to cause hypertension and PRES. [17] However, since PRES is also a known toxicity of
carfilzomib, we labelled it as a DLT. It was also unclear if the percarditis was due to carfilzomib as a
pericardiocentesis revealed T-cell leukemia cells in the patient’s pericardial fluid, leading to our
decision to enroll additional patients until a third DLT occurred.

Compared with patients enrolled in stratum B (solid tumors), patients in stratum A (leukemia)
were more heavily pre-treated at study entry. There was one CRp seen in a patient with mature B-
cell leukemia. This is noteworthy because combinations with proteasome inhibitors have been used
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successfully to treat patients with multiple myeloma, the most differentiated mature B-cell
neoplasm.[13] Response was also seen in patients with AML and pre-B ALL. The frontline COG
study AAML1031 explored the use of bortezomib in AML during each chemotherapy phase, but this
approach did not show improved outcomes.[18] For ALL, a different schedule of carfilzomib was
studied by incorporating it into a standard four-drug ALL induction, with responses in 50% of B- and
69% of T-ALL cases.[19]

The MTD was not reached for stratum B with a single DLT of PRES observed at dose level 5.
As discussed above, it was unclear if the PRES was due to the carfilzomib or the dexamethasone
premedication. There were no cases of PRES reported during any second or later cycles, when
patients were not required to receive dexamethasone premedication. No further toxicity concerns
were evident in the dose expansion, bringing the total to 11 patients treated at dose level 5. Therefore,
the RP2D for carfilzomib in combination with cyclophosphamide and etoposide was determined to
be 20 mg/m?/day on days 1-2 and 36 mg/m?/day on days 3-5 for cycle 1, then 36 mg/m?/day for days
1-5 in all subsequent cycles.

There was evidence of activity in different disease groups at all dose levels. Since the trial was
not designed to assess efficacy in specific disease groups, conclusions could not be drawn about the
effective dosing and schedule of carfilzomib for each malignancy type. A future phase 2 trial of this
regimen in specific diseases is warranted to further assess treatment efficacy.

Correlative studies looking at proteosome inhibition may help in determining optimal dosing
with this regimen. When available, correlative study data from this trial will be reported in a future
paper.

Of the twenty-four patients enrolled in stratum B, fifteen (63%) had a diagnosis of sarcoma,
highlighting the need for novel therapies in this patient population. One patient with synovial
sarcoma (SS) and non-measurable lung disease received fourteen cycles of treatment (at dose level
1), without disease progression. This patient underwent resection of her residual lung nodules and
was found to have pathological CR. The patients is alive and well more than seven years after
completing protocol therapy and has since successfully conceived and given birth to a healthy child.
As the outcome for metastatic SS is typically dismal, the response to this regimen is noteworthy.[20]

Eleven patients in stratum B (48%) had OS. Of those patients, five had lung metastases that were
technically considered non-measurable disease according to the RECIST criteria and, therefore, were
not eligible for studies requiring measurable disease. RECIST has long been shown to be suboptimal
for response assessment in OS.[21-23]  Since this was a phase 1 trial, the study did not incorporate
time to progression in the assessment of response as proposed by COG for OS patients.[15]
Throughout the trial, investigators observed that patients with OS significantly benefitted clinically
from this combination. Incorporation of patient-reported outcome (PRO) measures may have
provided additional objective insight into the impact of this treatment regimen on patients’ quality
of life.

Ifosfamide in combination with etoposide, which is commonly used in patients with
progressing/refractory OS, can produce significant neurotoxicity and nephrotoxicity along with low
disease response rates.[16] The use of cyclophosphamide and etoposide in combination with
carfilzomib may be an alternative treatment for these patients. Two out of eleven patients (18%) with
OS who showed response on this study had previously received ifosfamide in combination with
etoposide or ifosfamide alone.

In conclusion, the 5-day combination of cyclophosphamide/etoposide/carfilzomib is well
tolerated and easily administered in an outpatient setting, making it a viable alternative to salvage
therapy for children, adolescents and young adults with multiple malignancy types. Moving forward
with an efficacy trial of this promising combination in solid tumors, particularly sarcomas, is
warranted.

Supplementary Materials: The following supporting information can be downloaded at the website
of this paper posted on Preprints.org.
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