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Managing and avoiding
bortezomib toxicity
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Bortezomib, the only currently approved proteasome inhibitor, is used in the treatment of relapsed/refractory
multiple myeloma and mantle cell lymphoma. The most frequent toxicities of bortezomib are gastrointestinal
symptoms, thrombocytopenia, asthenia (fatigue, malaise, and weakness), and peripheral neuropathy.
Thrombocytopenia, the most common grade 3/4 toxicity, usually resolves before the next cycle of bortezomib
therapy begins. Peripheral neuropathy may be managed by modifying the dose and schedule of bortezomib
administration. Gastrointestinal complaints (nausea, vomiting, diarrhea, and constipation) are managed
symptomatically. Careful attention to avoiding dehydration and hypotension has a role in mitigating fatigue,
and adjustments in the patient’s other medications may be needed. Modifications in the dose and scheduling
of bortezomib, now being investigated, promise to improve the therapeutic ratio of this valuable drug.

ortezomib (Velcade) is the first of a
group of compounds known as pro-
teasome inhibitors to be approved
for use in the treatment of neoplas-

(UPS) and the drugs that affect it will become more
important. This brief review focuses on the toxicity
associated with bortezomib therapy and discusses
the appropriate medical management of bortezo-

tic disease. The US Food and Drug
Administration approved the use of bortezomib in
2003 to treat relapsed/refractory multiple myeloma
and more recently (December 2006) for the man-
agement of relapsed/refractory mantle cell lympho-
ma. In addition, bortezomib has shown promising
results as first-line therapy of myeloma and lym-
phoma, as well as other neoplasms.' As the use of
proteasome inhibitor therapy in oncology increas-
es, knowledge of the ubiquitin proteasome system

K?Y POINTS
Asthenia, nausea, and diarrhea are the most frequent
toxicities of bortezomib monotherapy.

Thrombocytopenia, the most common severe toxicity,
usually resolves before the next cycle of bortezomib
therapy begins.

Peripheral neuropathy is also common and may be

managed by lowering the dose of bortezomib and/or
giving it less frequently.

Fatigue is common with bortezomib but usually improves
with continued therapy; steps should be taken to avoid
dehydration and hypotension.

Gastrointestinal complaints are managed
symptomatically.
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mib’s side effects.

Mechanism of action and
pharmacokinetics

Bortezomib, a boronic acid dipeptide, is a revers-
ible proteasome inhibitor. The ubiquitin-proteasome
degradation pathway modulates intracellular levels
of key regulatory proteins that orchestrate cell-cycle
progression in a highly selective and specific fashion.
Protein degradation is initiated by ubiquitin-sub-
strate conjugation, which is catalyzed by three en-
zymes (E1, E2, and E3). Degradation of the ubiq-
uitin-tagged substrate by the 26S proteasome then
occurs. Diseases linked to mutations of the UPS
include juvenile Parkinson’s disease and breast and
ovarian cancers associated with BRCAI mutations.?

For reasons that are unclear, neoplastic cells are
more sensitive to pharmacologic proteasome inhi-
bition than are normal cells. In the case of bort-
ezomib, the main mechanism of action seems to
be induction of apoptosis via inhibition of abnor-
mal protein (immunoglobulin chain) degradation
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and inactivation of nuclear factor-xB
(a potent anti-apoptotic protein) by
degradation of its inhibitory compo-
nent, kB (Figure 1).5*

Bortezomib is largely cleared from
the plasma within minutes following
intravenous administration. Standard
monotherapy is given at a dose of 1.3
mg/m? on days 1, 4, 8, and 11 of a
21-day cycle, for a maximum of 8 cy-
cles.® For extended therapy beyond
8 cycles, bortezomib may be given in
once-weekly doses of 1.3 mg/m? for
4 consecutive weeks out of a 5-week
cycle.>®

Bortezomib is metabolized in the
liver by cytochrome P450 micro-
somes. Clearance may be reduced in
patients taking inhibitors of the P450
enzymes 3A4, 2C19, and 1A2, such
as erythromycin or ketoconazole, and
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in patients with hepatic impairment. FIGURE 1 Bortezomib inhibition of the 26S proteasome results in activation of JNK and

stabilization of p53, Bid, Bax, p21, p27, caveolin-1, and inhibitor kappaB-alpha, with con-
sequent inhibition of nuclear factor kappaB (NF-xB). Alteration of the levels of these cellular
proteins leads to inhibition of proliferation, migration, and angiogenesis and promotion of

Bortezomib toxicity
The most common toxicities of

bortezomib monotherapy reported
in clinical trials were gastrointesti-
nal symptoms, cytopenias (notably
thrombocytopenia), asthenia (fatigue,
malaise, and weakness), and periph-
eral neuropathy (Table 1).”® Throm-
bocytopenia was the most commonly
reported grade 3/4 toxicity (30%) but
usually resolved during the rest period
(days 12-21) of the treatment cycle.
Asthenia, nausea, and diarrhea were
the most common overall toxicities.
In patients with multiple myeloma
who were treated on an extension of
the phase II SUMMIT trial, there
was no apparent cumulative toxicity
(neurologic or hematologic) among
those receiving conventional bortezo-
mib monotherapy for a median dura-
tion of 45 weeks or, in some patients,
up to 32 cycles.’ In another phase II
trial, the CREST trial, toxicity was
lessened significantly in patients re-
ceiving 1.0 mg/m? of bortezomib
twice weekly.” Bortezomib may cause
rapid tumor cell death, and clinicians
should be alert to the development of
tumor lysis syndrome in patients with
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apoptosis of cancer cells. Adapted from Boccadoro et al.#

TABLE 1

Most commonly reported adverse events in phase |l trials of bortezomib
in relapsed/refractory multiple myeloma

Grade 3, % Grade 4, %

Adverse event All grades, %

Gastrointestinal

Nausea 64 6 0
Diarrhea 51 7 <1
Decreased appetite 43 3 0
Constipation 43 2 0
Vomiting 36 7 <1
Hematologic
Thrombocytopenia 43 27 3
Anemia 32 9
Neurologic and other
Asthenia (fatigue, malaise, weakness) 65 18 <1
Peripheral neuropathy 37 14 0
Pyrexia 36 4 0
Headache 28 4 0
Insomnia 27 1 0
Arthralgia 26 5 0
Limb pain 26 7 0
Edema 25 1 0

Source: Jagannath et al” and Richardson et al®
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TABLE 2

Management of bortezomib-related peripheral neuropathy

Severity of peripheral neuropathy
signs and symptoms

Grade 1 (paresthesia and/or loss of
reflexes) without pain or loss of function

Recommended modification of
bortezomib dose and regimen

No action needed

Grade 1 with pain or grade 2 (interfering
with function but not with activities of
daily living)

Reduce dose to 1.0 mg/m?

Grade 2 with pain or grade 3 (interfering
with activities of daily living)

Withhold bortezomib until toxicity

resolves

o When foxicity resolves, reinitiate
bortezomib therapy at a reduced
dose of 0.7 mg/m?

e Change treatment schedule to once

per week

Grade 4 (disabling)

Discontinue bortezomib therapy

Adapted from San Miguel et al'4

a high tumor burden.’

Bortezomib appears to act syner-
gistically with dexamethasone. Pos-
sible synergy has also been observed
when bortezomib was combined with
melphalan (Alkeran) and doxorubicin
in myeloma therapy. In combination
with melphalan, toxicity was manage-
able, with grade 3 hematologic toxicity
occurring only in patients with base-
line cytopenias.” In a phase I/II trial
of VMPT (bortezomib, melphalan,
prednisone, and thalidomide [Thalo-
mid]), decreased-intensity bortezo-
mib (1.3 mg/m? on days 1, 4, 15, and
22 in a 35-day cycle) and thalidomide
(50 mg/d) did not result in severe
(grade 3/4) neurotoxicity. Notably,
neutropenia was more common than
thrombocytopenia in this treatment
scheme compared with 21-day bort-
ezomib cycles. When bortezomib
was combined with thalidomide and
dexamethasone as first-line therapy of
multiple myeloma, no grade 3/4 neu-
ropathy was evident after short-term
therapy."

Managing bortezomib
toxicity

The clinical management of tox-
icities arising as a result of bortezo-
mib therapy allows for the provision
of ongoing effective therapy while
minimizing acute and chronic toxici-
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ties that decrease the patient’s quality
of life.

Patients with hepatic or
renal impairment

Since bortezomib is cleared by the
liver, care should be taken in treating
patients with hepatic insufficiency
with this agent. Patients with mild-
to-moderate hepatic impairment (ie,
serum bilirubin or transaminase levels
two to three times normal) can usual-
ly be treated safely with careful moni-
toring for toxicity and rapid dose ad-
justments, if needed. Patients with
more severe liver disease should prob-
ably not be treated with bortezomib.

Patients with renal insufficiency
who are receiving hemodialysis may
be treated successfully with bortezo-
mib. In phase II trials, the incidence
of serious adverse effects (= grade 3)
was apparently increased in patients
with a creatinine clearance < 50 mL/
min, but the only statistically signifi-
cant increased toxicity was dyspnea.’
Vigilant monitoring for toxicity and
dose reduction to 0.7-1.0 mg/m?,
where appropriate, can allow for suc-
cessful therapy. Because of its small
molecular size, bortezomib is poten-
tially dialyzable; therefore, it is usually
given on non-dialysis days in renally
impaired patients receiving hemo-
dialysis. There are no formal dos-

ing guidelines for these patients, but
some investigators have used a start-
ing dose of 1 mg/m? of bortezomib,
with the usual precaution of spacing
doses 72 hours or more apart.

Peripheral neuropathy

Peripheral neuropathy is common
in myeloma as a result of the dis-
ease itself, as well as in patients being
treated with thalidomide. In phase
IT trials of bortezomib, 37% of pa-
tients developed peripheral neuropa-
thy during therapy.”® The peripheral
neuropathy that develops is primar-
ily a sensory neuropathy, with pre-
dominant involvement of the feet and
hands. Pain, dysesthesias, and numb-
ness are common; 14% of patients de-
veloped grade 3 or higher neuropa-
thy. In these patients, 71% showed
improvement on discontinuation of
therapy or dose modification, with a
median time to improvement in pe-
ripheral neuropathy of 47 days. In pa-
tients treated on the extension proto-
col of phase II bortezomib, only 12%
noted new-onset peripheral neuropa-
thy with extended bortezomib thera-
py- Patients with pre-existing periph-
eral neuropathy had a 27% incidence
of progressive peripheral neuropathy
on the extension trial.>’

Managing the peripheral neurop-
athy associated with bortezomib re-
quires sensitivity to the presentation of
neuropathic signs and symptoms.** For
patients experiencing moderate pain
or decreased functional ability (eg, in
writing or dressing) attributable to pe-
ripheral neuropathy, dose modification
should be rapidly instituted. The util-
ity of managing peripheral neuropathy
using patient-reported symptoms in a
standard dose-adjustment algorithm
was documented in an updated anal-
ysis of the phase III APEX trial. In
this evaluation, the incidence of severe
neuropathy was less than that reported
in earlier bortezomib trials.”

Consideration should be given to
the possibility of cobalamin deficien-
cy, which could be palliated with vita-
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min By, repletion. Drug therapy with
gabapentin or duloxetine (Cymbalta)
may be beneficial in palliating painful
neuropathy, but the benefit of using
these agents or, alternatively, pyridox-
ine or glutamine is uncertain in terms
of improving the duration and sever-
ity of the neuropathy; hence, the pri-
macy of dose modification in manag-
ing this toxicity.

Thrombocytopenia

The thrombocytopenia associat-
ed with bortezomib is common and
has a characteristic temporal pattern
(Figure 2).°

Bortezomib does not appear to
destroy stem cells or megakaryocytes.
However, due to NF-xB inhibition,
platelet budding from megakaryocytes
is compromised in patients receiving
bortezomib.' Thrombopoietin levels
are not decreased, and recovery to the
baseline platelet count is usual after a
rest period of 7-11 days. The tempo-
ral pattern and proportional decrease
in the platelet count (approximately
55%—-65% from baseline to nadir in
all patients) are not affected by the
extent of bone marrow involvement.
Serious bleeding or a requirement for
platelet transfusion support is there-
fore unusual in these patients, unless
the baseline platelet count falls be-
low 65,000/pL. Because the throm-
bocytopenic effect of bortezomib is
generally predictable, monitoring
the platelet count prior to each dose
of bortezomib is recommended for
the first 2 cycles of therapy for pa-
tients with normal baseline plate-
let counts. Less frequent monitoring
can be applied in subsequent cycles of
treatment. For patients with baseline
thrombocytopenia, more frequent
monitoring is warranted. In general,
treatment with bortezomib should be
deferred if the baseline platelet count
is severely depressed (< 30,000/uL),
although clinical judgment will dic-
tate whether dosage reduction and/or
platelet transfusion support is appro-
priate. Persistent thrombocytopenia is
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FIGURE 2 Cycletocycle variation in mean platelet count observed in 331 myeloma patients
treated with bortezomib. The platelet counts decreased during the treatment phase of each
3-week cycle and returned to the baseline value during the rest period of the cycle. Adapted

from Richardson et al.’

more indicative of refractory disease
than it is of bortezomib toxicity.

Other cytopenias

Severe neutropenia and anemia
were unusual in the phase II bort-
ezomib trials. In the SUMMIT trial,
there was a < 1% incidence of febrile
neutropenia, and there were no cases
of grade 4 anemia.® If anemia is not-
ed, evaluations are mandated to di-
rect decisions regarding appropriate
therapy. Significant neutropenia may
require growth-factor support (either
filgrastim [Neupogen] or pegfilgras-
tim [Neulasta]).

Fatigue

In the SUMMIT and CREST trials,
8%—12% of patients developed grade 3
fatigue (fatigue sufficient to interfere
with activities of daily living), and less
severe fatigue was common.”® The usu-
al onset of fatigue is in the first 2 cycles
of bortezomib therapy, and typically the
condition improves over subsequent cy-
cles of therapy!” Careful attention to
avoiding dehydration and hypotension
has a role in mitigating fatigue. Adjust-
ment of antihypertensive drug therapy,
mineralocorticoid therapy, and intrave-

nous hydration at the time of bortezo-
mib administration may benefit patients
suffering fatigue, as well as patients with
postural hypotension. Modafinil (Pro-
vigil) or methylphenidate may lessen
fatigue attributable to therapy, but if fa-
tigue is significant, bortezomib should
be withheld temporarily and then re-
started at a lower dose, when the pa-
tient’s energy level has improved.

Gastrointestinal toxicities

Nausea, vomiting, diarrhea, and
constipation were commonly report-
ed in phase II clinical studies but were
rarely severe.*® Symptomatic treat-
ment of these toxicities with anti-
emetics, antidiarrheal medications, or
laxatives may be required; special care
should be taken to prevent dehydra-
tion in patients who are vomiting or
suffering diarrhea.

Conclusion

As the treatment paradigm for
multiple myeloma continues to
evolve, it is likely that bortezomib
will be used for longer periods and in
novel combinations with other drugs
that are active against myeloma. New
dose and administration schedules
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for bortezomib that may increase the
therapeutic ratio have been report-
ed.’® It is likely, too, that new, more
selective proteasome inhibitors will
enter the clinical arena. Caregivers
will need to remain dutiful in observ-
ing their patients for new and varying
treatment-related toxicities to ensure
that patients benefit maximally from
these therapies.
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