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Abstract
Purpose CMC-544 (inotuzumab ozogamicin) is a CD22-
speciWc immunoconjugate of calicheamicin currently being
evaluated in patients with non-Hodgkin’s B-cell lymphoma
(BCL). CHOP and CVP represent untargeted combination
chemotherapy comprised of cyclophosphamide, vincristine
and prednisone with or without doxorubicin, commonly
used in the treatment of NHL. Here, we describe anti-tumor
eYcacy of CMC-544, CHOP or CVP against human BCL
xenografts.
Methods In vitro, human BCLs were cultured with CMC-
544 or individual constituents of CHOP for inhibition of
their growth. In vivo, immunocompromised mice with
established BCL xenografts were administered CHOP,
CVP or CMC-544 to monitor their survival and BCL
growth.
Results In vitro, CMC-544 was more potent in causing
growth inhibition of various BCL than cyclophosphamide,
doxorubicin, vincristine or dexamethasone. In vivo, treatment

with CHOP or CVP inhibited growth of BCL xenografts for
up to 40 days after which BCL relapsed. Tumor growth
inhibition by CMC-544 (>100 days) lasted longer than that
by CHOP or CVP. BCL xenografts that relapsed after the
treatment with CHOP or CVP were far less responsive to
CHOP or CVP re-treatment but regressed upon subsequent
treatment with CMC-544. CVP could be co-administered
with suboptimal doses of CMC-544, while CHOP could be
administered on alternant days with CMC-544 to cause
enhanced regression of established BCL xenografts.
Conclusion Preclinically, CMC-544 provides greater
therapeutic beneWt than CVP or CHOP against BCL xeno-
grafts. CMC-544 may also be co-administered with stan-
dard chemotherapeutic regimens in the treatment of B-NHL
for superior anti-tumor activity.
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Abbreviations
BCL B-cell lymphoma
CalichDMH N-acetyl gamma calicheamicin dimethyl 

hydrazide
CHOP Cyclophosphamide doxorubicin vincristine 

prednisone
CVP Cyclophosphamide vincristine prednisone
B-NHL Non-Hodgkin’s B-cell lymphoma

Introduction

Combination chemotherapy using cytotoxic agents with
distinct mechanisms of action is a common therapeutic
strategy in the treatment of metastatic cancers. Individual
components of the cytotoxic combination chemotherapy
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are predominantly targeted to the cellular DNA, microtubu-
lar cytoskeleton and/or the enzymatic machinery that are
required for DNA replication and cell division. Drugs are
often administered simultaneously as a cocktail or sequen-
tially to maximize their therapeutic impact. Although this
approach is widely used in clinical practice, cumulative
toxicities, narrow therapeutic windows and low therapeutic
indices often hamper its use. Since these agents do not pref-
erentially target the tumor, they often damage both normal
and malignant cells indiscriminately resulting in low thera-
peutic indices. This realization has led to the more recent
development of the strategy of antibody-targeted chemo-
therapy.

Antibody-targeted chemotherapy involves the use of a
monoclonal antibody (mAb) with speciWcity for a tumor-
associated antigen [1]. The mAb is covalently linked to a
potent cytotoxic agent. When introduced in the systemic
circulation, the mAb facilitates preferential delivery of the
attached potent payload to the tumor cells and, in this
process, attempts to avoid indiscriminate delivery of the
cytotoxic payload to normal tissues. Such preferential tumor-
targeted delivery of a cytotoxic agent not only increases its
anti-tumor eYcacy but also may minimize its exposure to
normal tissues resulting in its improved therapeutic index.
Mylotarg®, a CD33-targeted calicheamicin conjugate, is the
Wrst antibody-targeted chemotherapeutic approved for clin-
ical use [2]. Similar applications of antibodies that deliver
radiation to the tumor cells (radioimmunotherapy) have
been clinically validated with tositumomab-131I/Bexxar and
ibritumomab tiuxetan/Zevalin, both of which have been
licensed for clinical use in the US [3].

CMC-544 (inotuzumab ozogamicin) is a CD22-speciWc
immunoconjugate of calicheamicin in which a humanized
IgG4 anti-CD22 mAb, G5/44, is covalently linked via an
acid-labile AcBut linker to CalichDMH (N-acetyl gamma
calicheamicin dimethylhydrazide, [4]). CalichDMH is a
derivative of gamma calicheamicin, a DNA-damaging
enediyne antibiotic [5], and is much more potent than tradi-
tionally used chemotherapeutic agents [6]. Gamma caliche-
amicin binds DNA in the minor groove and with the help of
cellular thiols brings about double-strand DNA breaks [5]
leading to cellular apoptosis and death. CMC-544 binds
human CD22 with subnanomolar aYnity and causes potent
cytotoxicity against human B-lymphoma cells [4]. When
administered i.p. or i.v., CMC-544 causes a dose-dependent
inhibition in the growth of subcutaneous or systemically
disseminated B-cell lymphoma xenografts established in
immunocompromised mice [4, 7]. When combined with rit-
uximab, CMC-544 produced a supra-additive therapeutic
beneWt in the above preclinical models of B-cell lymphoma
[8]. Unconjugated anti-CD22 mAb, G5/44, the targeting
agent in CMC-544, is ineVective as a therapeutic agent in
the absence of conjugated CalichDMH [4].

CMC-544 is currently being evaluated as an antibody-
targeted chemotherapy for eYcacy and safety in patients
with non-Hodgkin’s B-cell lymphoma (B-NHL) and has
shown promising clinical activity, demonstrating an overall
response rate in follicular lymphoma of 80% and 47% in
DLBCL [9–11]. In a dose escalation study in combination
with rituximab, CMC-544 plus rituximab exhibited a simi-
lar side eVect proWle as was observed in previous CMC-544
monotherapy trials. The preliminary eYcacy of the drug
combination of CMC-544 and rituximab in recurrent/
refractory follicular lymphoma and DLBCL is promising
and may indicate a durable response [12]. Trials are
ongoing.

The CHOP combination chemotherapy using cyclo-
phosphamide (C), doxorubicin (initially known as
hydroxydaunorubicin) (H), vincristine (V) (initially
known as Oncovin®) (O) and prednisone (P) is the stan-
dard cytoreductive treatment for NHL. This regimen has
become the standard treatment since various other che-
motherapeutic alternatives and their combinations have
not been found to be superior to CHOP in randomized
cooperative group clinical trials [13]. However, newer
alternatives to CHOP are continuously being evaluated
by addition of new agents to the CHOP combination. The
development of such combination chemotherapy was
considered rational as the agents were selected based on
non-overlapping toxicity and/or evidence of clinical
activity as single agents. CHOP was similarly developed
empirically by adding doxorubicin (hydroxydaunorubi-
cin) to the pre-existing CVP regimen [14]. The CVP reg-
imen is also used as a Wrst-line treatment option for
patients with follicular lymphomas. Clinical eYcacy of
both CHOP and CVP chemotherapeutic regimens is sig-
niWcantly enhanced by their use in combination with rit-
uximab, which is used as an immunotherapeutic agent
[15] so much so that R-CVP or R-CHOP has now
become the Wrst-line treatment options for almost all
patients with B-cell lymphoma.

Since CMC-544 is regarded as an antibody-targeted che-
motherapy and not an immunotherapy [1], it is appropriate
to assess its anti-tumor eYcacy in comparison with that of
the current chemotherapeutic standard of care. In this pre-
clinical study, we have evaluated the anti-tumor eYcacy of
CD22-targeted CMC-544 with that of untargeted CHOP or
CVP combination chemotherapy against subcutaneous
human B-cell lymphoma xenografts established in immu-
nocompromised mice. Our results from this preclinical
evaluation suggest that targeted chemotherapy with CMC-
544 provides superior therapeutic activity against BCL
compared to that of non-targeted combination chemother-
apy with CVP or CHOP. Our studies also provide evidence
that CMC-544 can be combined with CVP or CHOP for
additional therapeutic beneWt.
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Materials and methods

Cell lines

The DLBCL lines WSU-DLCL2 (ACC 575) and SU-DHL4
(ACC 495) were obtained from DSMZ, the German Collec-
tion of Microorganisms and Cell Cultures (Bruanschweig,
Germany). The Burkitt’s B-lymphoma line Ramos (CRL-
1923) and B-cell NHL cell line RL (CRL-2261) were
obtained from the American Type Culture Collection
(ATCC, Manassas, VA). The cell lines were determined to
be mycoplasma free as determined by a polymerase chain
reaction mycoplasma detection assay (ATCC, Manassas,
VA). The cell lines were maintained in RPMI 1640
medium supplemented with 10% fetal bovine serum (FBS),
10 mM HEPES (N-2-hydroxyethylpiperazine-N�-2-ethane-
sulfonic acid), 1 mM sodium pyruvate, 0.2% glucose, peni-
cillin G sodium 100 U/ml and streptomycin sulfate 100 �g/
ml. Before use, viable cells were isolated by density-gradi-
ent centrifugation (30 min at 1000£g) using Lymphoprep
(Nycomed, Oslo, Norway).

Mice

Female nu/nu (nude) mice (18–23 g) and male scid mice
(CB17 scid, 20–25 g) were obtained from Charles River
Laboratories, Wilmington, MA. All procedures using mice
were approved by the Wyeth Animal Care and Use Com-
mittee according to established guidelines.

Compounds

CMC-544 is comprised of a humanized IgG4 anti-CD22
mAb, G5/44, linked to N-acetyl gamma calicheamicin
dimethyl hydrazide via an acid-labile AcBut linker with an
average drug loading of 73 �g of CalichDMH per mg of
G5/44 protein (approximately 6 mol/mole) and has been
described [4, 16]. The CD22-speciWc targeting antibody
G5/44 used to create CMC-544 carries a serine to proline
mutation (S229P) in its hinge region, which allows it to
form stable interchain disulWde bonds and remove poten-
tial for any Fab exchange with natural IgG4 (16). The
CMC-544 conjugate preparation was conWrmed as having
low endotoxin (<5.0 EU/ml) as determined by the limulus
amebocyte lysate test (BioWhittaker, Walkersville, MD).
Doses of CMC-544 are expressed as equivalents of Calic-
hDMH. Cyclophosphamide (Cytoxan®, Princeton, NJ),
doxorubicin hydrochloride (Adriamycin, Bedford, OH),
vincristine sulfate (Paramus, NJ) and prednisone (Colum-
bus, Ohio) were obtained from Med World Pharmacy,
Chestnut Ridge, NY. Dexamethasone was obtained from
Sigma (St. Louis, MO).

Growth inhibition studies

The eVect of drugs on cell lines was assessed using a cellu-
lar viability indicator (MTS, Promega, Madison, WI) to
determine the number of surviving cells following exposure
to various drug treatments. Cells were seeded in 96-well
microtiter plates at a density of 5,000 to 10,000 cells per
well and exposed to various concentrations of drugs. Fol-
lowing determination of the number of viable cells surviv-
ing 96 h of drug exposure, the IC50 of each treatment was
calculated based on the logistic regression parameters
derived from the dose–response curves. IC50s were calcu-
lated by logistic non-linear regression and are reported as
the concentration (nM) from each treatment group that
causes 50% loss of cell viability.

Subcutaneous BCL xenografts

Female, athymic (nude) mice were exposed to total body
irradiation (400 rads) to further suppress their residual
immune system and facilitate the establishment of xeno-
grafts. Three days later, mice were injected s.c. with
5 £ 106 Ramos or RL cells suspended in Matrigel (Collab-
orative Biomedical Products, Belford, MA, diluted 1:1 in
RPMI 1640 medium) in the right Xank. Mice with staged
tumors, approximately 0.1 to 0.2 g (n = 6 to 8 mice/treat-
ment group), were administered i.p. with normal saline
(vehicle), CMC-544 or the components of CHOP adminis-
tered at their MTD (cyclophosphamide 40 mg/kg i.p.,
doxorubicin 3.3 mg/kg i.p., vincristine 0.5 mg/kg i.p., and
prednisone 0.2 mg/kg po. [17]) unless otherwise indicated.
Tumors were measured at least once a week, and their mass
(§SEM) was calculated as described before [4].Calculated
tumor mass for each calicheamicin treatment group was
compared to that from the vehicle-treated group for statisti-
cal signiWcance using ANOVA and subsequent pair wise
comparisons to the vehicle-treated group using a one-tailed
t-test analysis of variance and subsequent pairwise compar-
isons to vehicle with the error term for the t-test based on
the pooled variance across all treatment groups.

Assessment of anti-tumor eYcacy against disseminated 
BCL

Male scid mice were injected i.v. with 3 £ 106 Ramos cells
in the tail vein, and the injected Ramos cells were allowed
to disseminate for 9 days. Mice with disseminated Ramos
were administered i.p. with vehicle (PBS, n = 9 mice/treat-
ment group), or CMC-544 (n = 10) or CHOP (n = 10), and
these treatments were repeated twice, 4 days apart
(Q4D£3). Mice with disseminated ALL were monitored
daily for the presence of hind-limb paralysis or death. The
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diVerence in survival between groups was determined by
using non-parametric methods for comparing the survival
distribution of the mice using Proc Lifetest in SAS version
8.2. Multiple comparisons were performed based on the
rank transformation procedure. The rank transformation
procedure consists of replacing the survival times with their
ranks and applying the usual parametric F-test to the ranks.
Multiple comparisons were performed using Tukey’s
method on the ranks. Tukey’s method indicates the diVer-
ence in survival times among mice with signiWcance
reported at the 0.05 level. The survival curves were con-
structed using the Kaplan–Meier method.

Results

In vitro eVect of cytotoxic chemotherapy against 
B-lymphoma cell lines

The eVect of cyclophosphamide (C), doxorubicin (H), vin-
cristine (V), dexamethasone (D), a combination of all 4
drugs (CHOD), CalichDMH or CMC-544 on the in vitro
growth of 4 diVerent human BCL lines was examined
(Table 1). BCL cells were cultured in the presence of
increasing concentrations of drugs and, after 96 h, the num-
ber of surviving live cells in culture was enumerated using
the MTS assay. Vincristine was the most potent of the indi-
vidual drugs that comprised CHOD and exhibited growth
inhibitory activity similar to that of CalichDMH and at least
Wvefold more potent than that of doxorubicin. Vincristine’s
cytotoxic activity was most likely responsible for the cyto-
toxic activity of CHOD since its IC50 approximated the IC50

of the drug combination. Two BCL lines (Ramos and SU-
DHL4) exhibited greater sensitivity to CalichDMH than to
C, H or O, while WSU-DLCL2 and RL were more potently
inhibited by vincristine. Cyclophosphamide requires
hepatic activation, so it was not surprising that it was inac-
tive in these in vitro studies. Prednisone also requires

hepatic activation [18], which prompted us to use dexa-
methasone in its place. D was either poorly (RL, Ramos) or
completely (WSU-DLCL2, SU-DHL4) inactive at concen-
trations up to 1 �M. The growth inhibitory eVect of the tar-
geted chemotherapeutic CMC-544 was greater than that of
unconjugated CalichDMH or any of the components of
CHOP in each of the cell lines.

In vivo anti-tumor eYcacy of cytotoxic chemotherapy 
against B-lymphoma xenografts

Subcutaneous Ramos and RL BCL xenografts were used in
the evaluation of the anti-tumor activity of combination
chemotherapy with CHOP or CVP. In clinical practice,
individual cytotoxic components of the CHOP or CVP
combination are administered i.v. at their respective maxi-
mum tolerated doses, whereas prednisone (P) is adminis-
tered orally (p.o.), and this cycle is often repeated every
3 weeks. In our preclinical evaluation, cyclophosphamide
(C), doxorubicin (H) and vincristine (O or V), used at their
individual MTD, were administered either i.v. or i.p.,
whereas P was always administered p.o. in nude mice bear-
ing BCL xenografts. The individual MTDs were deter-
mined separately during preliminary studies prior to their
use in combination and are in agreement with Mohammad
et al., [17]. No signiWcant diVerence was observed in the
anti-tumor activity of CHOP chemotherapy regardless of
whether C, H and O were administered iv or i.p. (DiJoseph
and Evans, unpublished observation). Hence, in subsequent
studies, the i.p. route was used for the ease of administra-
tion.

Figure 1 shows the anti-tumor eYcacy of CHOP or CVP
combination therapy against either Ramos or RL BCL sc
xenografts and its comparison with that of CMC-544,
administered at 80 �g/kg in the Ramos model and 160 �g/
kg in the RL model. These doses of CMC-544 were
threefold and 1.5-fold lower, respectively, than its MTD
established previously [4]. Both the CHOP and CVP

Table 1 In vitro activity Treatment IC50 (nM with 95% CI)

Cell line

WSU-DLCL2 RL Ramos SU-DHL4

CMC-544 0.2 (0.03–1.4) 0.1 (0.002, 8.3) 0.02 (0.008–0.03) 0.5 (0.003–91)

CalichDMH 2.3 (1.3–4.2) 3.3 (1.3, 8.6) 0.31 (0.13–0.73) 1.2 (0.3–4.1)

CHODa 1.3 (0.6–3.2) 2.3 (1.3, 4.2) 3.0 (2.9–3.0) 9.2 (2.6–32.2)

Doxorubicin (H) 21.6 (11.1–42.1) 12.1 (4.3, 34.2) 10.0 (3.9–25.9) 19.4 (10.3–36.4)

Vincristine (O) 1.2 (1.1–1.2) 1.8 (1.3, 2.6) 2.3 (2.2–2.3) 4.1 (2.9–5.8)

Dexamethasone (D) NAb 43.5 (16.5, 114.8) 30c NA

Cyclophosphamide (C) NA NA NA NA

Prednisone NA NA NA NA

a CHOD = cyclophosphamide, 
doxorubicin, vincristine, dexa-
methasone
b NA = not active up to 1 uM
c Approximate IC50
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combinations were able to suppress the growth of estab-
lished Ramos BCL xenografts for a short period after which
tumors relapsed. CHOP was able to suppress the tumor
growth for a longer duration than CVP. Similarly, CHOP
combination was able to suppress the growth of RL BCL
xenografts for up to 30 days after which the tumor relapsed.
In contrast, CMC-544 was able to cause the complete
regression of both Ramos and RL BCL xenografts, and the
tumors remained suppressed for a period of >100 days.
These results suggest that unlike non-targeted combination
therapy with CVP or CHOP, targeted chemotherapy with
CMC-544 can provide long-lasting suppression of estab-
lished BCL.

EVect of CHOP and CMC-544 on systemically 
disseminated BCL

When injected i.v. into scid mice, Ramos BCL dissemi-
nates systemically and invades various organs, including
the CNS, resulting in hind-limb paralysis and/or death [19].
Administration of CMC-544 to mice with disseminated
BCL protects them from both the hind-limb paralysis and
death [7]. The eVect of non-targeted CHOP combination
chemotherapy on the survival of scid mice with dissemi-
nated Ramos BCL was further examined. The MTD of
CHOP in scid mice was half of that in nude mice (unpub-
lished observation). CHOP chemotherapy at the scid mouse
MTD was administered 9 days post-systemic dissemination
of Ramos BCL, and the treated mice were monitored for
hind-limb paralysis or death. As shown in Fig. 2, untar-

geted combination chemotherapy with CHOP was unable
to signiWcantly (P > 0.05 vs. vehicle-treated mice) protect
scid mice with disseminated BCL from hind-limb paralysis
and/or death. In contrast, CMC-544 treatment almost com-
pletely protected (P < 0.05 vs. vehicle- or CHOP-treated
mice) these mice against the disseminated BCL. These
results further suggest that tumor-targeted chemotherapy
with CMC-544 may provide greater therapeutic beneWt
than the non-targeted combination chemotherapy with
CHOP.

Combination of untargeted chemotherapy and targeted 
chemotherapy with CMC-544

Whether CMC-544 can be therapeutically eVective in com-
bination with CVP or CHOP was further examined. This
issue was approached experimentally by either concurrent
or sequential administration of CHOP or CVP with CMC-
544 to tumor-bearing mice in order to assess not only the
anti-tumor eYcacy of the combination but also its tolerabil-
ity.

The eVect of sequential administration of CHOP and
CMC-544 on the growth of sc BCL xenografts was evalu-
ated. CHOP, administered at its MTD, was given with
CMC-544 (80 �g/kg) on an alternating dosing schedule.
Compounds were either administered once a week for
4 weeks beginning with CHOP and then alternating with
CMC-544 or given once every 4 days (Wnal dose was
administered 5 days apart) with the same sequence as above

Fig. 1 EVect of CMC-544, CHOP or CVP on tumor growth in Ramos
and RL BCL sc xenografts. All drugs or vehicle was administered by
the i.p. route of administration beginning on day 1 and continuing on
days 5 and 9 except prednisone, which was given orally on days 1, 3,
5, 7 and 9. *P < 0.05 vs. all treatment groups, **P < 0.05 vs. CMC-544
and CHOP, ***P < 0.05 vs. CMC-544
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for a total of 2 dosages of CHOP and 2 dosages of CMC-
544 (Fig. 3). Administration once weekly was not suY-
ciently dose-dense to induce sustained tumor regression.
Administering the treatments on an alternating schedule
once every 4 days caused complete tumor regression,
which was maintained for greater than 100 days. Two dos-
ages of CMC-544 have been shown previously to produce
signiWcant tumor regression which, however, was not sus-
tainable [7].

The therapeutic impact of concurrent administration of
CVP and CMC-544 was evaluated on the s.c. xenografts in
nude mice. CVP combination therapy (administered at the
MTD of its individual components) was co-administered
i.p. Q4D£3 with CMC-544 (40 �g/kg of conjugated Calic-
hDMH) to sc BCL-bearing nude mice, and the BCL growth
was monitored for up to 100 days. As shown in Fig. 4,
CMC-544 monotherapy at this suboptimal dose inhibited
BCL growth for a longer duration than non-targeted CVP
combination chemotherapy used at its MTD. Non-targeted,
unconjugated CalichDMH used at a dose of 160 �g/kg was
ineVective against established BCL xenografts. Concurrent
administration of the combination of CVP at MTD and
CMC-544 at the above suboptimal dose caused regression
of established BCL xenografts and signiWcantly (P < 0.05)
improved the anti-tumor activity of the combination ther-
apy. In a similar evaluation using CHOP and CMC-544
combination, there was evidence of lethality in the mice,
which was observed along with the anti-tumor activity of
this drug combination. These results suggest that CMC-544
can be combined with CVP or administered with CHOP as
alternating dosages to obtain greater anti-tumor therapeutic
activity.

EVect of CMC-544 on the BCL xenografts relapsed 
after the CVP or CHOP chemotherapy

The anti-tumor eVect of CVP and CHOP on the sc BCL
xenografts was of shorter duration compared to that of
CMC-544. We further examined whether the BCL that
had relapsed upon the initial Q4D£3 treatment with CVP
or CHOP was still responsive to initial treatment with
CMC-544. Nude mice with sc Ramos BCL xenografts
were Wrst treated Q4D£3 with either CHOP or CVP at
their MTD. When the tumors began to re-grow, the mice
with the relapsed BCL were randomized into groups to
ensure that each group would have mice with both small
and large tumors for subsequent treatment with vehicle,
CVP, CHOP (each administered at the MTD) or CMC-
544 (160 �g/kg). As shown in Fig. 5, mice with sc Ramos
BCL xenografts initially responded to CVP or CHOP
therapy. and then the tumors relapsed within approxi-
mately 20 days after the initiation of the combination
chemotherapy. The relapsed Ramos BCL xenografts
were poorly responsive to re-treatment with CVP or
CHOP but regressed upon further treatment with CMC-
544. Previous studies have demonstrated that CHOP
therapy can cause the regression of tumors of the size
(approximately 750 mg) encountered in this relapsed
study (unpublished observation). These results suggest
that targeted chemotherapy with CMC-544 is eVective
against BCLs that are refractory to the CVP or CHOP
combination chemotherapy.

Fig. 3 EVect of CMC-544 and CHOP administered as alternating dos-
es on tumor growth in Ramos BCL sc xenografts. Drugs or vehicle was
administered as indicated by the i.p. route of administration except
prednisone which was given orally. * P < 0.05 vs. all treatment groups
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Discussion

The present study compared the anti-B-cell lymphoma pre-
clinical eYcacy of CMC-544 (inotuzumab ozogamicin), a
CD22-targeted chemotherapeutic agent, with non-targeted
CHOP or CVP combination chemotherapy. Our results
demonstrate the superior anti-lymphoma activity of CMC-
544 over that of CHOP and CVP.

CHOP combination chemotherapy represents a front-
line therapy in the treatment of patients with either follicu-
lar or DLBCL. Additionally, the CVP combination (CHOP
minus doxorubicin) is also used as a Wrst-line therapy for
patients with follicular B-cell lymphoma. CMC-544 is a
targeted chemotherapeutic agent currently in clinical trials
[9–12]. In the present study, both CHOP and CVP therapies
were used at the MTD of each component of the combina-
tion. These drug cocktails were initially eVective in sup-
pressing BCL growth, but tumors relapsed relatively
quickly. In contrast, treatment with CMC-544 at doses well
below its MTD of 240 �g calichDMH/kg [4] caused regres-
sion of the established B-cell lymphomas leading to long-term
tumor-free survival. These in vivo results were consistent
with the in vitro studies in which CMC-544 as mono-
therapy was more potent than the CHOP(D) combination.
The concentrations of CMC-544 used in the in vitro
cytotoxicity studies were well below the Cmax values
reported for CMC-544 in pharmacokinetic studies con-
ducted in mice [4]. Similar therapeutic superiority of
CMC-544 over the CHOP chemotherapy was also clearly
apparent in SCID mice with systemically disseminated B-
cell lymphoma. In the s.c. xenograft studies, equivalent
dosages of unconjugated, non-targeted calicheamicin were
completely inactive (Fig. 4). These results demonstrate the
therapeutic advantage of the tumor-targeted delivery of a
potent cytotoxic agent such as calicheamicin over its own

non-targeted delivery as well as that of non-targeted CHOP
combination. The improved half-life of antibody-targeted
chemotherapeutics [4] coupled with targeting to the tumors
could account for much of the diVerences in the anti-tumor
response observed with the non-targeted therapies.

Since both CVP and CHOP chemotherapies in combina-
tion with rituximab represent Wrst-line treatments for FL
and DLBCL, respectively, any experimental anti-lymphoma
therapeutic would be required to demonstrate antitumor
activity in patients that had failed the above Wrst-line che-
motherapy. CD20-speciWc rituximab represents an immu-
notherapeutic agent with a very distinct mechanism of
action from that of CHOP chemotherapy. Our previous
preclinical study [8] has demonstrated that CMC-544, as a
CD22-targeted chemotherapeutic agent, can provide supra-
additive therapeutic activity when used in combination with
rituximab. We examined whether the tumors that had ini-
tially responded to the CHOP or CVP chemotherapy and
subsequently relapsed would still respond to CMC-544.
The present study demonstrates that BCL xenografts that
had relapsed in response to the CHOP or CVP therapy
remained refractory to subsequent CHOP or CVP therapy.
However, both CHOP- and CVP-refractory tumors retained
their susceptibility to CMC-544. This preclinical evidence
of the eYcacy of CMC-544 against these chemotherapy
refractory B-cell lymphoma xenografts is consistent with
the clinical activity of CMC-544 observed in phase I stud-
ies in patients with B-NHL who had failed multiple chemo-
therapies [9–12].

In spite of the fact that the treatment with CMC-544
caused regression of CHOP- and CVP-refractory tumors,
the duration CMC-544’s eVect was not as sustained as that
previously observed in the treatment of naïve BCL xeno-
grafts [4]. This observation suggests that even if treatment
with CMC-544 is eVective in causing regression of the

Fig. 5 EVect of CMC-544 on 
BCL xenografts relapsed after 
CVP or CHOP chemotherapy. 
CVP (left panel) or CHOP (right 
panel) was administered on days 
1, 5 and 9 to mice with Ramos sc 
xenografts. When tumors began 
to relapse, a second course of 
therapy with either vehicle, CVP 
or CMC-544 (left panel) or 
CHOP or CMC-544 (right pan-
el) was initiated. All drugs or 
vehicle was administered by the 
i.p. route of administration 
except prednisone, which was 
given orally 0
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CHOP- and-CVP-refractory tumors, some BCL cells can
escape the full anti-tumor activity of the above treatment
and re-establish themselves.

The preclinical demonstration of superior antitumor
activity of CMC-544 over either CVP or CHOP raises an
interesting possibility of using CMC-544 in combination
with either of these chemotherapies. We further evaluated
preclinically whether CMC-544, at suboptimal dosages,
can be added to CVP or CHOP chemotherapy to gain
greater antitumor eYcacy. The preliminary assessment sug-
gested that the addition of CMC-544 to CHOP but not CVP
was toxic in nude mice (data not shown). This eVect could
be due to the combination of the two potent DNA-damag-
ing agents, doxorubicin and calicheamicin in the mouse.
Hence, combination studies were only carried out with the
CVP + CMC-544 combination. In this evaluation, the CVP
treatment at MTD was not as eVective as suboptimal dos-
ages of CMC-544 (Fig. 4). However, when used together,
the CVP + CMC-544 combination resulted in stronger
growth inhibition of BCL xenografts and signiWcantly pro-
longed relapse-free survival of tumor-bearing mice. These
results suggest that CMC-544 can be used in combination
with the CVP chemotherapy and support clinical evaluation
of this combination in patients with FL.

CHOP chemotherapy represents the Wrst-line therapy for
patients with DLBCL [13]. CMC-544, therefore, might be
used in combination with CHOP in DLBCL patients. How-
ever, as noted above, our preliminary studies suggested that
the simultaneous use of CHOP and CMC-544 in mice can
lead to toxicities. In order to derive the therapeutic beneWt
of both CHOP and CMC-544 without associated toxicities,
we assessed the antitumor eYcacy of CHOP and CMC-544
by alternating 4 days apart (dose-dense) or weekly treat-
ment with either CHOP or CMC-544. The dose-dense
sequential treatment with 2 dosages of CHOP and CMC-
544 was more therapeutically eVective than the similar
treatment with weekly administration of each agent. There
was no evidence of toxicities with either dosing schedule
based on the gain in mouse body weights. Mylotarg, the
CD33-targeted calicheamicin conjugate [20], has been
added to existing chemotherapeutic therapies in AML in a
sequential manner demonstrating the feasibility of this
approach [21, 22]. The experiments presented here suggest
that CMC-544 can be used in combination with the CHOP
chemotherapy as alternating treatments.

CMC-544 is currently in expanded clinical trials as
monotherapy and in combination with rituximab for follic-
ular and DLBCL. In the phase I reported results, CMC-544,
administered at 1.8 mg G544 Ab/m2 every 4 weeks as
monotherapy to relapsed/refractory follicular and DLBCL
patients, produced an objective response rate of 69 and
33%, respectively [10]. The overall safety proWle was man-
ageable, with thrombocytopenia and neutropenia as the

most severe toxicities observed with a frequency >10%. In
combination with rituximab, where rituximab was adminis-
tered on day 1 and CMC-544 given 24 h later, the 6-month
progression-free survival of patients who had relapsed after
1 or 2 prior therapies was 100% for follicular and 66% for
DLBCL [12]. The main toxicity was self-limiting thrombo-
cytopenia. As demonstrated by these clinical studies, CMC-
544, as a tumor-targeted agent, may have a better safety/
tolerability proWle than the currently used chemotherapeu-
tic agents (e.g. no anthracycline-induced cardiomyopathy,
cytoxan-induced hemorrhagic cystitis, or vincristine-induced
peripheral neuropathy or alopecia, etc.). Certainly, the side
eVect proWle of CMC-544 diVers from the above cited
chemotherapeutic agents and would allow its combination
with agents with non-overlapping toxicities. The eYcacy of
CMC-544 in follicular and DLBCL is promising and sug-
gests durable responses in these hard-to-treat refractory
patients. Clinical studies pursuing the use of CMC-544 as
monotherapy and in combination with rituximab are contin-
uing. The preclinical results provided here suggest that
CMC-544 can be combined with the standard chemother-
apy regimens for use in for follicular and DLBCL.
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