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Abstract

A Gemtuzumab ozogamicin is a humanised monoclo-
nal 1gG4 antibody, linked to a cytotoxic calichea-
micin derivative. It effects cell necrosis by specific-
ally targeting the CD33 antigen which is expressed
on the surface of leukaemic cell blastsin more than
90% of patients with acute myeloid leukaemia
(AML), but is not present on normal stem cells.

A Therapy with gemtuzumab ozogamicin (2 doses of
9 mg/m?) in 3 noncomparative studies produced
complete remission in 16% of adult patients with
AML in first relapse, and complete remission with
incomplete platelet recovery in an additional 13% of
patients. Rates of remission did not differ between
those aged less than 60 years and older than 60
years.

A Many patients were able to receive both doses of
gemtuzumab ozogamicin therapy as outpatients.
Survival duration was similar between those treated
as outpatients and those requiring hospitalisation.

A About one-third of 11 children and adolescents
treated with 2 doses of 9 mg/m? gemtuzumab ozo-
gamicininaphasel study showed <5% bonemarrow
blasts after completion of therapy.

A Themost commonly encountered adverse eventsin
clinical trials with gemtuzumab ozogamicin were
myel osuppression, increased levels of hepatic en-
zymes, infection, fever, bleeding, chills, nauseaand
vomiting and dyspnoea. No treatment-related rena
failure or alopeciawas reported.

Features and properties of gemtuzumab ozogamicin

Indications

Acute myeloid leukaemia

Mechanism of action

Humanised monoclonal DNA antagonist
antibody (hP67.6) conjugated

with a calicheamicin derivative

Dosage and administration

Usual dosage in clinical trials 9 mg/m?

Intravenous infusion
administered over 2 hours

Route of administration

Frequency of administration 2 doses 14 days apart

Pharmacokinetic profile (hP67.6)

Peak plasma concentration 2.86 mg/L
Area under the plasma 123 mg/Le h
concentration-time curve

Clearance 0.265 L/h
Elimination half-life 72.4h

Adverse events

Common events Myelosuppression, raised
hepatic enzyme levels,
infection, fever, bleeding, chills,

nausea & vomiting, dyspnoea
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n, average loading of calicheamicin derivative on antibody is 2 to 3 mol/mol

Gemtuzumab ozogamicin is composed of a humanised monoclonal antibody (hP67.6) joined to calicheamicin

via a bifunctional linker.

Theinitia aim of chemotherapy for acute myeloid
leukaemia(AML) isto induce aremission. In addition
to causing severemyel osuppress on, conventional che-
motherapy has pronounced adverse effects, including
nauseaand vomiting, mucositis, alopecia, neuropathy,
and renal and hepatic dysfunction.] Treatment is es-
pecially difficult in those aged over 60 years, as
their ability to withstand the intensity of chemo-
therapy is reduced, and factors such as cytogenet-
ics, intrinsic multidrug resistance and morphology
are more unfavourable.l2 Monoclonal antibody-
based chemotherapy is therefore attractive as a
treatment because it selectively targets leukaemic
cells while sparing normal stem cells, which may
result inimproved tolerability compared with con-
ventional chemotherapy.[!

1. Pharmacodynamic Profile

« Gemtuzumab ozogamicin is an antineoplastic
agent whichtargetsthe CD33 antigen. Itiscomposed

0 Adis International Limited. All rights reserved.

of arecombinant humanised |gG4 monoclonal an-
tibody (hP67.6) conjugated with a calicheamicin
derivativeviaabifunctional linker. Theaverageover-
all ratio of calicheamicin to antibody is approxi-
mately 2 to 3, with about 50% of the antibody
unconjugated.[¥ Gemtuzumab ozogamicin is 2000-
fold more cytotoxic for the HL-60 human leukaemia
cell line than the unconjugated calicheamicin de-
rivative alone.l®!

» TheCD33 antigen isexpressed on the surface of
leukaemic blasts in approximately 90% of patients
with AML.I671 |n addition, it is expressed on nor-
mal and leukaemic myeloid colony-forming cells,
including leukaemic clonogenic precursors, but is
not expressed on pluripotent haematopoietic stem
cells or on nonhaematopoietic cells.[®!

e Binding of gemtuzumab ozogamicin with the
CD33 antigen resultsin the formation of acomplex
that is internalised, after which the calicheamicin
derivativeisreleased into the lysosomes of the my-
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eloid cell, binding to DNA, and resulting in DNA
strand breaks and cell apoptosis.[919

» Rapid saturation of available CD33 binding
sites is seen in leukaemic blasts isolated from pa-
tients with AML who have been treated with
gemtuzumab ozogamicin (9 mg/m?). This is fol-
lowed by rapid internalisation of the complex into
the cell [10.11]

* In vitro, gemtuzumab ozogamicin is cytotoxic
to the CD33-positive (CD33+) HL-60 cell lineand
produces significant inhibition of colony forma-
tion in cultures of adult leukaemic bone marrow
cells.[512 Gemtuzumab ozogamicin also suppres-
sesthe cell growth of HL-60, NOMO-1, NB-4 and
NKM-1 cell lines at concentrations of 5, 10 and
100 pg/L in a dose-dependent manner. However,
no effect is seen on the multidrug-resistant cell
linesNOMO-1/ADR and NB-4/MDR, even at con-
centrations of 10 000 pg/L .[13

 Longterm completetumour regression hasbeen
induced by gemtuzumab ozogamicin over an al-
most 6-fold dose range in nude mice implanted
with HL-60 xenografts (further details are not
available).l%!

2. Pharmacokinetic Profile

* A mean maximum humanised antibody (hP67.6)
plasma concentration (Cpax) Of 2.86 = 1.35 mg/L
was achieved after single dose intravenous infu-
sion of gemtuzumab ozogamicin (9 mg/m?) to adult
CD33+ patientswith AML inrelapse (n=58). The
Cmax vValue for unconjugated calicheamicin was
0.079 + 0.093 mg/L.[14]

» Mean areaunder the plasma concentration-time
curve (AUC) for hP67.6 was 123 + 105 mg/L - h.
Concentration profiles of total calicheamicin in
plasma followed the same time course as those of
the humanised CD33 antibody and the mean AUC
value was reported as 2.47 + 1.82 mg/L - h.[24

» Plasma elimination half-lives (ty,) after admin-
istration of gemtuzumab ozogamicin (9 mg/m?) to
adult patients with AML were 72.4 £ 42.0h and
45.1 + 25.2h for antibody and total calicheamicin,
respectively. Tota body plasmaclearance of hP67.6
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was 0.265 + 0.229 L/h. These pharmacokinetic pa-
rameterswere not affected by gender, nor were dif-
ferences observed between those aged <60 years
and =60 years.[1415]

* The Cnax and AUC of hP67.6 observed in 5
CD33+ paediatric patients (age 2 to 14 years) with
relapsed AML following 2 doses of gemtuzumab
ozogamicin (6 mg/m?2) were 1.4 mg/L and 48.5 mg/
L - h, respectively. Drug clearance and ty, (0.296
L/h and 51.6h) were similar to those seen in adult
patients (n = 14) receiving 2 doses of 9 mg/m?
gemtuzumab ozogamicin (0.353 L/h and 66.5h, re-
spectively).[16]

3. Therapeutic Use

Treatment in Adult Patients
with Relapsed AML

Data for phase Il trials have not been reported
individually. Therefore this review focuses on
pooled results of the 3 noncomparative phase Il
studies conducted in patients with untreated
CD33+ AML infirst relapse.[”]

Studies 1 (n=65) and 2 (n = 40) were conducted
in patients aged =18 years who had relapsed after
afirst complete remission (CR1) lasting at least 6
months. In study 2, prior haematopoietic stem cell
transplantation (HSCT) was permitted and 5 pa-
tients with prior HSCT were enrolled. Eligibility
criteriafor study 3 (n = 37) included age =60 years
and relapse after CR1 of at least 3 months. Addi-
tionally, patients in all studies were required to
have normal renal and hepatic function and a pe-
ripheral white blood cell count of <30 000/ul.

The primary end-point was complete remission
(CR), defined as no leukaemic blasts in peripheral
blood, <5% blasts in the marrow, absolute neutro-
phil count (ANC) =1500/ul, haemoglobin =90 g/L,
platelet count =100 000/pl and platelet and RBC
transfusion independence for 1 and 2 weeks, re-
spectively. Patients who met all remission criteria
but who had platelet counts <100 000/ul were also
considered to bein remission. These 2 groupscom-
bined are referred to as those achieving overall re-
mission.

Drugs 2001; 61 (9)
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Fig. 1. Median time to platelet recovery from first treatment
with gemtuzumab ozogamicin (two 9 mg/m2 doses) for pa-
tients with acute myeloid leukaemia in first relapse. Medians
for platelet recovery to 25 000, 50 000 and 100 000/ul are
presented for patients who achieved complete remission (CR)
and complete remission without platelet recovery (CRp) after
2 doses of gemtuzumab ozogamicin. Pooled results from 3
noncomparative phase Il studies (n = 142). NB: Patients in
CRp did not achieve 100 000 platelets/ul.[17]

e 142 CD33+ patientswith untreated AML infirst
relapse with a median age of 61 years (range 22 to
84 years), most commonly received 2 intravenous
infusions of gemtuzumab ozogamicin 9 mg/m? [ af -
ter pretreatment with paracetamol (acetamino-
phen) and antihistamines] 14 to 28 days apart.
Patients were evaluated for remission, survival
(both relapse-free and overall) and treatment-
emergent adverse effects (TEAES).

» CRwasachievedin 23 patients (16%); addition-
ally, 19 patients (13%) achieved remission within-
complete platelet recovery (CRp) for an overall
remission rate of 30%. The median timeto platelet
recovery for the 2 groupsisshowninfigure 1. 34%
of patients aged <60 years achieved remission, as
did 26% of those aged =60 years.[1718] Cytogenetic
profiledid not influence response to treatment, and
overall remission rates did not differ greatly be-
tween those with CR1 greater or less than 1 year.

0 Adis International Limited. All rights reserved.

» Median relapse-free survival for all patientsin
remission was 6.8 months with no significant dif-
ference between thosein CR (7.2 months) and CR,,
(4.4 months) [p = 0.624].

» Median overall survival was 5.9 months for all
patients, and 6 of the 23 patientsin CR (26%) re-
mained leukaemia-freefor at least 6 months or un-
til date of death. The survival probability for all
patients at 1 year was 31%.[17.18]

« Of the patientswho subsequently received HSCT,
patients in CR survived for an average of 14.5
months, and patientsin CR,, for =5.4 months, com-
pared with 4.2 months for patients who did not
achieve remission.[1]

Effect of Treatment on Rates of Hospitalisation

» 38% of patients received their first dose of
gemtuzumab ozogamicin as outpatients, of whom
9% were never hospitalised during the initial 8-
week period. The median time to hospitalisation
thereafter was 8 days, with 88% of patients admit-
ted 72 hours or more after the first dose. 30% of
patients received both first and second treatments
of gemtuzumab ozogamicin as outpatients.[19
Platelet counts of greater than 50 000/ul at both
screening and baseline were independently predic-
tive of being treated as an outpatient at first dose.
Survival duration was similar between those re-
ceiving both doses as outpatients and those who
were hospitalised.[20

Treatment in Children and Adolescents
with Relapsed AML

 Preliminary results of anoncomparative phase |

study involving 18 paediatric patients (median age
12 years, range 1 to 16 years) with either refractory
or relapsed CD33+ AML have been reported. 36%
of 11 patients treated with gemtuzumab ozo-
gamicin at 9 mg/m? for 2 doses showed <5% bone
marrow blasts after the second dose.[21]

4. Tolerability

e The tolerability of gemtuzumab ozogamicin
(dosages between 0.25 and 9 mg/m? for <3 doses)
was evaluated in aphase| study in 40 patientswith

Drugs 2001; 61 (9)
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Fig. 2. Incidence of grade 3 and 4 nonhaematological gem-
tuzumab ozogamicin-associated adverse events in patients
enrolled in 3 noncomparative phase Il studies (n =142). Grade
3 and 4 adverse effects evaluated using US National Cancer
Institute Common Toxicity Criteria (version 1).[17'22]

relapsed or refractory AML. Fever and chills (pre-
dominantly grade 1 or 2) occurred in 80% of pa-
tients, with onset generally 2 to 4 hours after
beginning treatment. Reversible hepatic enzyme
elevation was reported in 20% of patients. Hu-
moral responses to the calicheamicin-linker com-
plex were noted in 2 patients. However, no
therapy-related toxic effectswere observed on cen-
tral nervous system, cardiac or renal functions.[11

* Inclinical trials of patients with CD33+ AML
in first relapse (n = 142) who received 2 doses of
gemtuzumab ozogamicin 9 mg/m? 14 to 28 days
apart, the most commonly reported postinfusion
(day 1) grade 3 and 4 TEAEs were chills (11%),
fever (7%) and hypotension (4%). Severe hypoten-
sion was reported several hours after infusion, but
this appeared transient and was reversible with in-
travenous fluid support. Whereas 34% of patients
experienced severe effects after thefirst dose, only
12% experienced these after the second dose (p <
0.001).117]

0 Adis International Limited. All rights reserved.

» The most frequently reported grade 3 and 4
TEAES during the treatment period from the first
dose until 28 days after the second dose were neu-
tropenia (97%), thrombocytopenia (99%) and
anaemia (47%). 15% of patients experienced se-
vere bleeding, including epistaxis (3%) and in-
tracranial haemorrhage (4%). Other reported
adverse effectswereinfection 28% [including sep-
sis (16%) and pneumonia (7%)], fever (15%),
chills (13%), nausea and vomiting (11%), dys-
pnoea (9%), hypertension (9%), hypotension (8%)
and asthenia (7%) [fig. 2].[1722

e 23% of patients experienced severe hyperbili-
rubinaemia, with a median time to onset of 8 days
and duration of 20 days. 17% of patients showed
grade 3 or 4 increasesin AST or ALT levels. Evi-
dence of more serious hepatic damage was ob-
served in 2 patients (1 with liver failure and 1 with
persistent ascites and hepatosplenomegaly). No
treatment-rel ated cardiotoxicity, renal failureor al-
opecia was reported.[17]

» Additionally, adverse events observed in chil-
dren and adol escents (n = 18) with either refractory
or relapsed CD33+ AML who received gemtuzu-
mab ozogamicin (6 or 9 mg/m?) were similar to
those seen in adult patients. These included infu-
sion-related fever, chills, hypotension, shortnessof
breath, and grade 4 neutropenia and thrombocyto-
penia. One patient developed grade 3 gastrointes-
tinal bleeding and congestive heart failure after
treatment with 6 mg/m?2.[21]

5. Gemtuzumab ozogamicin:
Current Status

Gemtuzumab ozogamicin has been approved
for usein the USfor the treatment of CD33+ AML
in patients aged =60 years who are in first relapse
and who are not considered candidates for other
cytotoxic chemotherapy. Gemtuzumab ozogami-
cin has shown clinical efficacy in this indication
and is relatively well tolerated; mucositis occurs
infrequently; however, the drug isnot indicated for
those with hepatic dysfunction.

Drugs 2001; 61 (9)
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