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Abstract

Background Everolimus, an mTOR inhibitor, is active in refractory lymphomas. However, toxicity with flat dosing limits its
usage. Speculatively, pharmacokinetically-targeted dosing could improve tolerability. Therefore, we studied serum-trough
dosing with rituximab as maintenance after high-dose cyclophosphamide (HDC) consolidation in lymphoma patients.
Patients/methods After HDC, everolimus was dosed to serum trough levels (goal 3—15 ng/mL), with quarterly rituximab
infusions for 1 year while maintaining < grade II non-hematologic and < grade III hematologic toxicities. Adult patients
in first PR/CR with: mantle cell, transformed, double-hit, or high risk chronic lymphocytic leukemia or in second PR for
any relapsed B cell lymphoma were eligible. Prophylaxis was given for encapsulated organisms, HSV and PCP. Serum IgG
levels were maintained > 500 mg/dL.

Results 49 patients, median age: 59.0 years enrolled; MCL (26), CLL (10), transformed lymphoma (7), and other histolo-
gies (6). During the life of the study, the most frequent everolimus dosing has been 2.5 mg daily or 2.5 mg every other day;
at these doses, serum levels are within the therapeutic range and non-hematologic toxicity is rare. At a median follow-up of
27.1 months, three patients remain on active therapy. Two patients withdrew secondary to potentially-attributable adverse
events including a bacterial pneumonia and a viral pneumonia; this low rate of discontinuation compares well to other long-
term everolimus trials. While a 58 and 76% EFS at 30 months for the entire cohort and MCL cohort, respectively, compares
similarly to previously published HDC/rituximab data, longer follow-up is required.

Conclusions Pharmacokinetically-targeted dosing appears to increase everolimus tolerability. This finding may be applicable
to other patient populations.
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Introduction

The mammalian target of rapamycin (mTOR) is a kinase
vital to numerous intracellular signaling pathways, includ-
ing those regulating cell growth and proliferation [1]. The
oral rapalog everolimus inhibits the TORC1 (mTOR/raptor
protein complex) pathway [2]. While everolimus is active
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in relapsed refractory lymphomas [3-5], the toxicities asso-
ciated with prolonged, flat-fixed dosing schedules limit its
use [6]. Safety reports, often based on everolimus use as an
immunosuppressive agent in solid organ transplants indicate
that serum everolimus ranges 3—15 ng/mL maximizes activ-
ity and levels > 15 ng/mL are associated with high rates of
toxicity [7-9]. Therefore, in this safety trial, the same thera-
peutic target range was adopted. We hypothesized that dos-
ing targeted to achieve serum concentrations in the therapeu-
tic range might lessen toxicity while maintaining efficacy.
We evaluated 1-year of everolimus maintenance after
consolidation with high-dose cyclophosphamide (HDC) [10]
in B-cell lymphoma patients. Given evidence that rituximab
augments everolimus in vitro we also included rituximab in
the maintenance regimen [11, 12]. The HDC consolidation
platform was chosen to evaluate this maintenance strategy
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in hopes that therapy at the time of maximum cytoreduction
might augment benefit. We suspect that assessment of effi-
cacy and toxicity of novel therapies in patients with refrac-
tory disease may lead to confounding that overestimates
toxicity and underestimates efficacy. Here, we present our
toxicity and early outcome data.

Methods

This study was designed to determine the safety of main-
tenance rituximab and prolonged mTOR inhibition with
everolimus in CD20+, B-cell lymphomas after HDC con-
solidative therapy. Maintenance treatment consisted of
rituximab 375 mg/m? every 90 days (four infusions) and
oral everolimus daily for 1 year. Maintenance therapy was
initiated after hematologic recovery during a window period
of 6-11 weeks after the start HDC (50 mg/kg/day cyclophos-
phamide for four consecutive days) to allow for full hemat-
opoietic recovery. Everolimus, supplied by Novartis, was
taken in the evening and trough levels were obtained with
morning labs every 14 days for the first 90 days and then
monthly. Patients kept medication diaries to record compli-
ance and consented for 3 years of follow-up. Everolimus
levels were determined by whole blood mass spectrometry
utilizing an Endura Mass Spectometer [13].

If everolimus dose-adjustments were made, serum levels
were then obtained in 14 days and then returned to monthly
screening if levels were within target range. For everolimus
levels below or exceeding 3.0—15.0 ng/mL, in the absence
of III-IV grade non-hematologic toxicity (CTCAE version
IV), everolimus was either increased or decreased by 2.5 mg
per day to bring levels within range. For non-hematologic
grade > III toxicities, everolimus was held until the toxic-
ity was <II and restarted — 2.5 mg/day. For hematologic
grade > III toxicity management, please see addendum (1)
For the management of stomatitis, non-infectious pneumoni-
tis, and hyperlipidemia/hyperglycemia, please see addendum
(2) The lowest everolimus dose allowed was 2.5 mg every
fourth day.

Through day 365, Herpes and Pneumocystis jiroveci
primary prophylaxis were mandated and serum IgG levels,
checked monthly, were maintained > 500 mg/dL with IVIg.
Re-immunizations started on day +395: addendum 3.

After IRB approval (NCT01665768) this protocol was
activated in September 2012 and was planned to evaluate
over 3 years approximately 60 subjects. Eligible patients
included those > 18 years of age who received HDC for
mantle cell lymphoma (MCL) in first partial response (PR)
or greater, high risk chronic lymphocytic leukemia (CLL):
del (17p; 11q) or unmutated IGHV sequence in first PR or
greater, gray zone or double hit lymphoma in first complete
response (CR), or any low grade CD20+ lymphoma in
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second PR. Stopping rules were established for unmanage-
able toxicities requiring protocol discontinuation. Patients
with active Hepatitis C and HIV were excluded from partici-
pation. All grade toxicities were recorded through 8/23/13 [a
median of 135 (range 21-330) patient days] for the first 13
patients; therefore, only grade III/IV toxicities were record.
Data were locked on January 26th 2017 for this analysis.

The expected accrual rate for this study was to be 20
patients per year. The safety objective of this trial was based
on the precision of estimating grade 3 or higher toxicities.
We had determined sixty patients will allow us to estimate
the proportion of patients experiencing grade 3 or higher
toxicities with a precision of +13%. As everolimus dose
would be managed to target a therapeutic window, toxicity
evaluation in this study were based on events that would
indicate either the therapeutic dose was too toxic to maintain
or that this method increased the probability of unexpected
complications. These events include any patient for which
the minimum everolimus dose was not tolerable or any unex-
pected hospitalizations during protocol participation. If it
becomes evident that the proportion of failures convincingly
exceeds 15%, the study would have been halted for a safety
consultation.

During the life of the study several key protocol amend-
ments were IRB approved. The initial starting dose of
everolimus was 10 mg nightly. Given the near universal
serum levels above target range; this was reduced to 5.0 mg
and then, again, reduced to 2.5 mg nightly (starting with
subject 51). Trimethoprim sulfamethoxazole served our pri-
mary prophylaxis for P. jiroveci infection; after an encap-
sulated bacterial infection occurred while on dapsone as
primary P. jiroveci prophylaxis, encapsulated gram posi-
tive coverage with amoxicillin was recommended for sulfa
allergic patients. After the enrollment of the seventh patient,
to reduce the incidence of rituximab induced neutropenia;
rituximab was not given if the ANC was <1500 K/mL
on the day of planned infusion. After IRB approval, one
patient participated whose ANC was 1500 K/mL at the start
of maintenance therapy and one patient’s maintenance was
delayed until day + 90 to allow for the resolution of diabetic
ketoacidosis.

Results

Between September 2012 and November 2016, 56 patients
consented and 49 patients received study treatment. Among
the patients who did not receive study treatment, two had
disease progression before scheduled initiation of study
treatment and seven were ineligible for study treatment as a
result of cytopenias. From this point on, the analysis refers
only to patients who received study treatment. The median
age of the 49 patients who started maintenance therapy was
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59.0 (range 37.0-72.3) years. The median time between
the first day of consolidation and the first day of mainte-
nance was 65 (range 44-92) days for the entire group and 64
(range 50—-89) for the MCL cohort. Thirty-five of 49 patients
(71.4%) were treated with HDC/mTOR in first response.
The baseline characteristics of these patients are in Table 1.

MCL was the diagnosis in 26 of 49 patients (53%). Their
median age at the time of consolidation was 59.4 (range
47.7-72.3) years. Six (23.0%) were older than 65 years.
Before induction treatment, IGHV sequencing revealed nine
(34.6%) subjects with an unmutated sequence, four with a
mutated sequence, four with an indeterminate sequence
and nine patients did have this testing performed. Induction
therapy included BRx6 (4), BR x4 (10), BRx3 (6), RCHOP
x4 (1), RCHOP x6 (2), FCR x4 (1), HyperCVAD (2). 24/26
(92.3%) were treated with HDC in first response.

Table 1 Patient characteristics

CLL was the diagnosis in 10 of 49 patients (20.0%).
Their median age at the time of consolidation was 59.4
(range 49.2-68.2) years. Before consolidative treatment,
nine patients (90%) had an unmutated IGHV sequence, 8
had del(11q) and none had del(17p) as determined by fluo-
rescence in-situ hybridization. Eight patients were in par-
tial response (PR) before the start of HDC and remained
in PR at the start of maintenance therapy. Forty percent of
patients were treated with HDC in first response.

Transformed diffuse large B cell lymphoma was the
diagnosis in 7 of 49 patients (14.3%) with median age
62.5 (range 47.8-70.5) years. Four (57.1%) patients were
treated in first response (presentation or indication for
treatment was the concurrent diagnosis of diffuse large B
cell lymphoma). Five patients were in CR (for all histolo-
gies) before the start of HDC and six were in CR before
the start of maintenance therapy.

Illness characteristics Median Age>65 years Consolida- Days (range) between CR before CR before
age in if age (%) tionin Ist  consolidation and consolida- mainte-
Number IGHY Number years response maintenance start tion (%) nance (%)
(%) mutational (%) (range) (%)
status
ALL His- 49 59 (37-72) 12 (24%) 35(71.4%) 65 (44-92) 34 (69%) 38 (78%)
tologies
Mantle 26 (53%) 59 (48-72) 6 (23%) 24 (92.3%) 64 (50-89) 23 (88%) 25 (96%)
Cell
Unmutated 9 (35%)
Mutated 4 (15%)
Indetermi- 4 (15%)
nate
Unknown 9 (35%)
Non-Man- 23 (47%) 58 (41-71) 6 (26%) 67 (44-92) 11 (48%) 13 (57%)
tle Cell
CLL 10 59 (49-68) 2 (20%) 4 (40%) 2 (20%) 2 (20%)
del (11q) 8 (80%)
Unmutated 9 (90%)
Mutated 1 (10%)
Trans- 7 - 30% 63 (47-70) 3 (43%) 3 (42.8%) 5 6
formed
Lym-
phoma
Double Hit 1 - 4% 32 - 1 (100%) 1 (100%) 1 (100%)
DLBCL
PMBCL 1 - 4% 56 - 1 (100%) 1(100%) 1 (100%)
Follicular 2 - 9% 53 (40-66) 1 (50%) 0 (0%) 1 (50%) 2 (100%)
Other low 2 - 9% 60 (57-62) - 2 (100%) 1 (50%) 1 (50%)
grade B
cell lym-
phomas

CR complete response
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Retention of protocol participation during active
maintenance therapy

One year of maintenance therapy was completed in 71.4%
of patients. Two patients (4%) stopped maintenance therapy
due to the potentially-attributable adverse events of H. influ-
enza bacteremia and metapneumovirus pneumonia after 11
and 9 months of participation, respectively. No other patients
discontinued participation secondary to everolimus or rituxi-
mab toxicity. Two patients with documented large granular
lymphocytosis (LGL) mediated cytopenias before mainte-
nance participated; however, both were removed from study
as their LGL persisted and required additional immunosup-
pressive therapy. Seven (14.3%) patients were taken off of
study for disease progression. Three (6%) subjects remain
on active therapy.

Toxicities

Hematologic toxicities were common. At least one epi-
sode of grade III/IV neutropenia, thrombocytopenia or
anemia was experienced by 30 (61.2%), 8 (16.3%) and 4
(8.2%) patients, respectively. Most non-hematologic toxici-
ties were grade I/II. The expected grade III/IV toxicities of
hyperglycemia 9 (18.4%), hypertriglyceridemia 9 (18.4%)
and oral ulcers 3 (6.1%) were readily responsive to treat-
ment. Table 2, summarizes all grade I-II encountered by
the first 13 patients and all grade III-IV toxicities for the
entire group. Three patients were hospitalized for bacterial
sepsis: two during active therapy and another 1.8 years after
the completion of maintenance therapy. One patient was
briefly hospitalized for culture negative neutropenic fever
and four other patients were transiently hospitalized for non-
life threatening conditions. Hypogammaglobinemia with a
serum IgG <500 mg/dL was experienced by 14 (28.6%)
patients. For those requiring IVIg replacement, a median of
2 (range 1-6) IVIg infusions were given.

Dose interruptions due to elevated serum
everolimus levels or adverse events

46 patients have completed active maintenance therapy;
they were instructed to hold 9.1% (range 0.0-56.4%) of their
planned doses. Reducing the initial everolimus dosing from
10 mg (n=6) to <5.0 mg (n=40) daily reduced the held
doses from 14.1 to 8.5%. During the life of the study, the
most frequent everolimus dosing has been 2.5 mg daily or
2.5 mg every other day. Patients received 97.31% of planned
doses. For the six patients whose starting everolimus dose
was 10 mg daily, five required a dose reduction during their
first month of therapy for asymptomatic supratherapeutic
serum levels. For the 37 patients whose starting everoli-
mus dose was 5 mg daily, only three patients completed the
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12 months of planned maintenance therapy without requir-
ing a dose modification. 31 (84%) required dose modifica-
tions, including 11 (29%) for asymptomatic supratherapeu-
tic serum everolimus levels, their median time to first dose
modification was 40 days. The median of scheduled rituxi-
mab doses held due to toxicity was 0% (range 0-75%) with
14 patients missing > 50% of the scheduled doses. During
the study period, no medication interactions were appar-
ent that influenced everolimus serum levels. However, co-
administration of strong CYP3A4 inhibitors was avoided
and the co-administration of moderate CYP3A inhibitors
(i.e. clarithromycin) were limited.

Oncologic outcomes

The median OS for the 49 patients has not been reached
(Fig. 1) with a 30 month OS of 93% (95% CI 85, 100). The
overall median EFS is 36.4 months and the 30 months EFS
is 58% (95% CI 45, 76). The 30 month EFS for CLL, trans-
formed lymphoma and MCL are 27% (95% CI1 9, 80), 57%
(95% CI 30, 100) and 76% (95% CI 60, 98), respectively
(Figs. 2, 3). Of the eight (80%) CLL patients who relapsed:
two have not required additional therapy, three have their
disease controlled with ibrutinib, two underwent alloBMT
and are in remission and one acquired a deletion 17p muta-
tion and is being evaluated for alloBMT. Three (43%) trans-
formed lymphoma patients relapsed; one has died; one
underwent alloBMT and is in CR and one relapsed and is
back in CR after relapsing with his lymphocyte predominate
Hodgkin lymphoma. Five (20%) MCL patients relapsed and
three of these patients died and one is being evaluated for
alloBMT.

Discussion

Everolimus is an mTOR inhibitor clinically used as an anti-
neoplastic for renal cell carcinoma, breast cancer, and pan-
creatic derived neuroendocrine tumors [14]. mTOR inhibi-
tion can directly reduce tumor growth and proliferation and
can indirectly act as an anticancer agent by angiogenesis
inhibition.

This trial was designed to assess tolerability and efficacy.
With regard to tolerability, the toxicity experienced in our
heavily pre-treated patient cohort was comparatively low
and only two patients discontinued maintenance treatment
because of toxicity potentially associated with drug. While
accrual was not met, as the 3 years open enrollment period
ended, had remainder of the expected patients enrolled,
given the observed the low discontinuation rate due to tox-
icity, the safety stopping rules of this protocol would have
not been likely been met. The most common toxicities asso-
ciated with protocol treatment were hematologic which
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Table 2 All toxicities

: Toxicity Grade I-II (N=13) Grade III-1V (N=49)

experienced regardless of

investigators attribution Number of Number of inci- Number of Number of

assessment patients dences patients incidences

Hematologic

Anemia 3 4 3 3
Lymphocytopenia 3 6 24 56
Lymphocytosis 1 1
Neutropenia 2 3 31 53
Thrombocytopenia 6 9 3 3

Non-hematologic
Angina
Arthralgia
Cellulitis
Congestion
Constipation
Cough
Dermatitis
Diarrhea
Dysgeusia
Dyspnea
Edema
Fatigue

Fever

AW LW WD WYY =N = W
AN R W N W W W W NN = N
—

—

High alanine aminotransferase
High alkaline phosphatase 1 1
High aspartate aminotransferase
Hypercholesterolemia

Hyperglycemia 12

—_ W
N N W W
=

Hyperkalemia
Hypertension
Hypertriglyceridemia 3 4 12

Hypokalemia

—_— = O N

Hypophosphatemia
Insomnia 3 3
MRSA 1 1
Mucositis
Nausea

Neuralgia

Peripheral neuropathy

W W NN N
EN VI S E N S

Pharyngitis
Pneumonia

Rectal abscess
Renal failure
Respiratory failure
Retinal tear
Rheumatic flare

Sepsis

—_ W = = = m =W
W o= = m =

Shingles

URI 3

Vomiting 1 2
Other® 1 1

Single incidences of transient grade I-II toxicities occurring in a single patient: anorexia, anxiety, basal
cell carcinoma, depression, dry skin, dyspepsia, ear pain, gout flare, headache, increased creatinine, hyper-
natremia, hypocalcemia, myalgia, post nasal drip, restless leg syndrome, stiffness and weight loss

@ Springer



352

Cancer Chemotherapy and Pharmacology (2018) 81:347-354

100

80+

60

40+

Survival (%)

overall survival
progression free survival

e
10 20 30 40

Months

Fig.1 Overall and progression free survival curves for all study
patients

g 60
©
2
2
& 404
overall survival
204 progression free survival
o
r T T T 1
10 20 30 40
Months

Fig.2 Overall and progression free survival curves for mantle cell
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may be attributable to either rituximab or everolimus or the
combination. Neutropenia is a well-established complica-
tion of rituximab [15, 16]. We note that everolimus dose
interruption became less frequent as the initiation dose was
decreased from 10 to 2.5 mg and the rituximab hold param-
eter was instituted. Importantly, the most commonly pre-
scribed dosing schedules of everolimus to maintain adequate
serum levels while limiting grade II toxicities were 2.5 mg
daily and 2.5 mg every other day, with nearly all patients
for the majority of time maintaining serum levels > 5 ng/dL.
A single patient required 2.5 mg every fourth day to limit
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toxicity and still maintain in the targeted everolimus serum
level range. This contrasts sharply with the recommended
starting dose of 10 mg daily. The diversity of patients in this
protocol adds to the safety interpretation as mTOR inhibition
toxicity is not malignancy-dependent but results from the
medications off-target effects.

As a class, mTOR inhibitors have well known drug—drug
interactions and toxicity. Concurrent use of CYP3A4 and/
or PgP inhibitors can increase serum levels and toxicity,
while CYP3A4 and/or PgP inducers can lower serum lev-
els. mTOR inhibition is associated with stomatitis, fatigue,
infections, non-infectious pneumonitis, viral reactivation,
cytopenias, electrolyte abnormalities, hyperglycemia and
hyperlipidemia.

Everolimus has been studied in the treatment of many
malignancies and in combinations with other biologics
and or chemotherapeutics [6, 17-20]. Importantly, nearly
all trials evaluating everolimus have utilized a flat dosing
schedule, were utilized in the relapsed refractory setting and
designed for a relatively short medication time exposure [21,
22]. With a flat dosing schedule, not only are Grade III/IV
mTOR induced hematologic toxicities common but a third
of patients experience stomatitis which can impact adher-
ence and life quality [23]. Many everolimus trials report a
10% adverse event discontinuation rate and some studies
were closed secondary to adverse events [24-28]. The Pil-
lar-2 trial randomized DLBCL patients in PET confirmed
CR1 who had received R-CHOP or R-EPOCH (5-8 cycles)
with an ECOG performance status of 0-2 to everolimus
10 mg daily for one year or placebo. While the 2-year DFS
was the same in both arms, grade III/IV stomatitis was sig-
nificantly more common in the everolimus group there was
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a 52% discontinuation rate in the everolimus arm versus a
33% discontinuation rate in the placebo arm, secondary to
adverse events [29]. Longer follow-up is required to deter-
mine if everolimus maintenance will improve event free
survival as compared to our previous HDC consolidative
trial [10].

As supported this trial, therapeutic drug monitoring
may avert serious adverse events [30-32] and thus allow
for protracted everolimus use. As cytopenias were the most
commonly encountered toxicity in this trial, which was
potentially attributable to rituximab and their considerable
previous therapy, it is likely that a higher serum everolimus
level should be well tolerated. This report supports serum-
based dosing can lessen everolimus toxicities in lymphoma
patients and is likely applicable to other patient populations.
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