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Introduction 
Over the last several years there has been a tremendous increase in the number of novel targeted therapeutic 
agents for patients with cancer and hematologic malignancies. The clinical success of several of these agents 
validates the decades of basic science investigation that led to their discovery and development. Since there are 
almost 100 molecularly-targeted compounds in pre-clinical or clinical development, this review will focus on a 
representative sample of anti-neoplastic agents, each illustrating some of the basic translational approaches to 
the development of more specific and less toxic therapy. The products to be discussed will include the tyrosine 
kinase inhibitors, such as STI571 (Gleevec) and ZD1839 (Iressa); antibody-based inhibitors of growth factor 
signaling pathways, such as Herceptin; and immunotherapeutic agents that target specific cell surface 
molecules, such as Rituximab (Rituxan) and Edrecolomab (Panorex). The field of rational cancer therapeutics 
is an exciting and rapidly changing field, and as will become evident, it is also a discipline that must take on the 
daunting task of synthesizing basic science observations into clinical decision making. 

Protein Tyrosine Kinase Inhibitors 

STI571 (Gieevec): CML and Philadelphia chromosome positive ALL 
Chronic myelogenous leukemia (CML) is a clonal myeloproliferative disorder in which the malignant cells 
contain the chimeric gene BCRIABL, the product of a reciprocal translocation between the Abl gene on 
chromosome 9 and the Bcr gene of chromosome 22 (1-3). Patients with CML exhibit pronounced granulocyte 
expansion with preserved myeloid differentiation in the initial stages of the disease, generally referred to as 
chronic or stable phase CML. Although this chronic phase may persist for 3-5 years or longer with standard 
therapy, the disease inevitably progresses to an acute leukemia (blastic phase or blast crisis) generally resistant 
to treatment. Allogeneic bone matTow transplantation (BMT) during the early phases of the disease remains the 
only curative treatment for CML at this time; however, only a relatively modest proportion of patients has an 
appropriately HLA.-matched donor. Fortunately, the successful development of mouse models for CML 
provided considerable support for the hypothesis that BCRIABL played a causative agent role in CML (4-8). 
This led investigators to therapeutically target the Bcr/Abl fusion protein, a non-receptor tyrosine kinase. The 
result of this effott is a compound called STI571 (Gleevec®, Novartis), a rationally designed 2-
phenylaminopyrimidine compound that potently inhibits the Bcr/Abl tyrosine kinase (9, 10). 

Chemical structure of STI571. Figure reprinted from (11 ). 
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Generally, tyrosine kinase inhibitors target the region of the enzyme that binds ATP, which is required for its 
catalytic activity. Specificity lies in developing inhibitors that recognize nuances in the amino acid composition 
in the neighborhood of the ATP binding region. Recently, the crystal structure of STI571 bound to the c-Ab! 
catalytic domain has been reported, and it confirms that indeed the drug binds in the ATP-binding pocket (12). 
In pre-clinical studies, STI571 induced profound apoptosis and growth suppression of Bcr/ Abl-expressing cells 
and tumor xenografts, with little effect on cells expressing other oncogenes (9, 10). These findings 
demonstrated that STI571 had a remarkably specific effect against Bcr/ Abl-expressing cells, and provided solid 
rationale for next studying this compound in humans with BCR/ABL-positive leukemia. 

Initial human clinical trial experience with STI571 has also been equally impressive. Patients with CML 
that had failed standard interferon-a therapy were given STI571, administered orally at an average dose of 400 
mg daily. Almost all patients achieved a complete hematologic response, characterized by normalization of 
peripheral white blood count (WBC) and platelet count (13). Approximately one third of patients experienced a 
major cytogenetic response-defined as a decrease in BCR/ABL positive metaphases to 35% or less-and 13% 
patients achieved normal cytogenetics. The results of STI571 in the treatment of advanced and therapy-resistant 
CML was less effective, but still remarkable given the limited therapeutic options normally available to such 
patients. Fifty-five percent of patients with CML in myeloid blast crisis responded to STI571 treatment, 19% of 
them achieving a complete hematopoietic response (14). In patients with CML lymphoid blast crisis or with 
acute lymphoblastic leukemia containing BCR/ ABL (Philadelphia chromosome positive ALL), 70% had some 
degree of hematopoietic response, including 20% with complete hematopoietic responses. About one third of 
the patients with myeloid blast crisis had responses durable for almost one year, but almost all patients with 
lymphoid blast crisis and Philadelphia chromosome positive ALL failed STI571 therapy within 3-4 months 
(14). At present it is unknown why the durability of response to STI571 differs between myeloid and lymphoid 
blast crisis patients. 
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Time to Relapse in Patients with Myeloid or Lymphoid Blast Crisis Who Had a Response to 
STI571. 

Arrows with asterisks indicate patients still enrolled in the study and in remission at the time of the last 
follow-up; arrows without asterisks indicate the day on which patients were removed from the study. 

Figure reprinted from (14). 

STI571 therapy was generally very well tolerated in these studies. The most commonly observed side effects 
from STI571 were nausea, edema, liver function test elevations, myalgia, thrombocytopenia, and neutropenia 
(13, 14). Generally, however, these side effects were mild and could be managed with some adjustment of the 
STI571 dose. This side effect profile compares quite favorably to standard interferon-a therapy, which is 
associated with intolerable constitutional side effects such as fatigue, nausea, myalgia, and anorexia, in 30-35% 
of CML patients. 
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DRLTG-RF.L·\TED ADVERSE EvENTS AccORDI!'.'C TO THE DAILY DosE ot= STI57l.* 

25- 140 mg 200- 300 mg 350- 500 mg 600- 1000 mg T OTAL 

ADVERSE EVENT (N = 14) (N = 23) (N = 181 (N=28l (N = 83) 

GMD E 1 (;Il-\DE 3 ( ;IL\llE I GIL·\D E ~ l iRAD E 1 GRADE 3 (; {lADE 1 l;Ri\DE 3 G H .. .\ ll f~:-. 

O il 2 O ll4 OR 2 01! 4 Oll 2 DR4 Olt 2 <Hl4 1-4 

% of patients no.{%! 

Nausea 21 0 30 0 50 0 59 0 36 (43) 

Myalgias 21 0 52 () 33 6 28 14 34 (41) 

Edema 21 0 22 0 33 0 55 7 32 (39 ) 

Diarrhea 14 0 4 0 33 0 38 3 21 (25) 

Fatigue 14 0 22 0 11 0 24 3 17 (20) 

Rash 7 0 17 0 11 0 28 3 16 (19) 

Dyspepsia 14 0 13 0 28 0 17 () IS (18) 

Vomiting 0 0 13 () 11 () 34 0 15 ( 18 ) 

Thrombocytopeni•t () 0 4 0 II 6 7 24 13 (16) 

Neutropenia 0 0 9 4 6 6 0 24 12 (14) 

Arthralgias () 0 4 0 6 0 28 3 11 ( 13) 
···· ···············--··-··-··--·-· ·· ·· ················---·-··-·······-· ········-··--·-····-·······- ··-··-·--··--·-···-····- ... ······--···- ··-·-···--- ····-·····-

•The adverse events listed here were considered to be rehtted to STIS 71 and were reported in more than 10 percent 
of patients. t\ grade of I indicates a mild adverse cHeer, a gr,tde (,f 2 a moderate cHeer, a grade of 3 a severe ctlc.:t, and 
a grade of 4 a life-threatening ctlcct. 

Table reprinted from (13). 

Therefore, the initial results of clinical studies of STI571 in BCRIABL positive hematologic are quite 
encouraging, and suggest that STI571 might be as effective as standard interferon therapy, but with a more 
favorable side-effect profile. However, many questions remain about the implications of STI571 therapy, 
particularly whether the impressive results of STI571 observed so far will remain durable, and whether any 
CML patients will be cured with STI571. Recently, bone marrow cells from CML patients resistant to STI571 
treatment were analyzed to determine possible mechanisms of resistance. In 3 of 9 patients, there was evidence 
of BCR/ABL gene amplification (15), consistent with what had been observed when Bcr/Abl-expressing cell 
lines had been exposed to sub-therapeutic concentrations of STI571 for prolonged periods (16-18). In the other 
6 patients a single mutation was found in the BCR/ABL gene causing a single amino acid change in a region of 
the A TP binding pocket previously identified interacting with the STI571 compound (15). Whether such a 
mechanism of resistance will remain a relatively rare phenomenon or an inevitable one is currently unknown. 
However, these results suggest that Bcr/ Abl may still remain a viable therapeutic target, providing some 
impetus to consider STI571 in combination with other therapy in future clinical trials . 

The rational development of the kinase inhibitor STI571 for CML represents an important therapeutic 
advance and also serves as a paradigm for what can be achieved when basic science insights into a disease are 
applied towards a translational goal. What lies ahead is learning how STI571 will affect the natural history of 
CML, and how it should be integrated into decisions regarding BMT. As discussed earlier, allogeneic BMT 
remains the only proven curative treatment for patients with CML, and the best outcome is obtained with 
patients are transplanted within the first year of diagnosis (19). This suggests the possibility that like with 
interferon-a, treatment of patients with STI571 beyond one year in the hope that such therapy might be curative 
may carry the risk of decreased cure with allogeneic BMT. The current dilemma regarding how best to 
integrate STI571 into the treatment plan for CML patients is depicted on the following page. 
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Different treatment approaches for patients with newly diagnosed CML. Figure reprinted from (19). 

Here the authors depict two different treatment strategies in which a trial of STI571 is given first priority (left), 
or an approach in which the established curative potential role of allogeneic BMT is emphasized (right), with 
STI571, interferon (INF), and/or auto BMT (A/G) reserved for non-BMT candidates (19). This lack of 
consensus, even among experts in the field, illustrates the current uncertainty in formulating treatment plans for 
patients with available bone marrow transplant donors. Therefore, until more mature data is available from 
current STI571-based clinical trials, the formulation of treatment strategies for patients with CML will remain a 
complex challenge for both physician and patient. 

STI571: other solid tumors 
Although STI571 is a highly specific tyrosine kinase inhibitor, this compound is also a potent inhibitor of some 
other cellular tyrosine kinases besides Bcr/ Abl and c-Abl. Platelet-derived growth factor receptor (PDGFR), c­
kit, and ARG are protein tyrosine kinases have also been demonstrated to be inhibited by this compound (9, 20-
22). This observation has recently led investigators to explore STI571 treatment in malignancies associated 
with constitutive activation of these signaling pathways. One recent success story has been the use of STI571 in 
patients with the sarcomas of the gastrointestinal stromal tumor (GIST) class. Mutations inc-kit had been 
identified in most of these tumors, which result in the constitutive activation of c-kit in a ligand-independent 
fashion (23, 24). When patients with locally advanced and/or metastatic GIST have been treated with 
therapeutic doses of STI571, marked tumor reduction has occurred, a significant achievement considering the 
extremely poor outcome expected with standard chemotherapy (25). Although it is not expected that STI571 
alone will be curable in advanced GIST patients, the clinical success of this compound in targeting a signaling 
pathway (c-kit) implicated in GIST pathogenesis is another validation of the rational, targeted approach to 
cancer therapy. Research is ongoing to determine whether interference with c-kit signaling will have a 
therapeutic effect in other tumors known to express c-kit. 

Because STI571 has also been demonstrated to inhibit the PDGFR tyrosine kinase (9), investigators 
have also begun to explore whether interference with this signaling pathway might have biologic significance in 
cancer. Sarcomas of intermediate malignant potential such as dermatofibrosarcoma protuberans and giant cell 
fibroblastoma have been demonstrated to have a translocation resulting in the juxtaposition of the COL/AI and 
PDGFB genes (26), which leads to constitutive PDGFR activation by an autoctine mechanism (27). STI571 
has been shown to inhibit the growth of cells containing the COLIAJIPDGFB fusion gene (28), and induce 
apoptosis of dermatofibrosarcoma protuberans tumors in mouse tumor xenografts (29). Dysregulated PDGFR 
signaling has been implicated in the pathogenesis of glioblastoma multiforme and tumors of the malignant 
astrocytoma class (30-34), tumors which generally are highly resistant to current therapy. STI571 treatment has 
been shown to inhibit the proliferation of human brain tumor cell lines in a mouse xenograft model (35), 
suggesting the possibility of a therapeutic role for this compound. It will be of considerable interest to learn 
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whether patients with tumors dependent on the PDGFR for growth or viability will experience the same success 
with STI571 treatment as those with Bcr/Abl or c-kit-related malignancy. 

Inhibition of the EGFR tyrosine kinase: ZD1839 (lressa) 
The epidermal growth factor receptor (EGFR, Erbl) is the first and best-studied member of the EGFR family of 
protein tyrosine kinases. The EGFR is a classic example of a receptor tyrosine kinase, which coveys 
extracellular signals to the nucleus by activating a cascade of intracellular signaling molecules. Upon binding 
its ligand EGF, the EGFR tyrosine kinase becomes activated and forms dimers with another EGFR molecule, or 
other EGFR family member. Kinase activation leads to autophosphorylation of specific tyrosine residues on the 
cytoplasmic region of the EGFR, and these tyrosine phosphorylated residues then become binding sites for 
specific signaling molecules and adapter proteins that contain src homology two (SH2) protein domains. Once 
bound to the activated EGFR receptor, these molecules in tum become tyrosine phosphorylated by the EGFR, 
leave the receptor, and mediate a variety of downstream signaling events. The end result of receptor activation 
is the induction of genes important for proliferation, adhesion, differentiation, and survival. Ras, an important 
early target for EGFR-dependent signaling, is localized on the cytoplasmic side of the cell surface, distant from 
many cytoplasmic signaling molecules (36). Ras becomes activated when adapter molecules, drawn to the 
activated EGFR, act as shuttles for ras regulatory proteins (via src homology 3 (SH3) domain interactions) (37-
40). 

The EGFR is expressed on a wide variety of cell types and increased expression and activation of this receptor 
has been reported in many human tumors, particularly those of epithelial origin. In some cases, dysregulated 
EGFR activation occurs by an autocrine mechanism, in which tumors secrete EGF ligand. Other tumors have 
been shown to express constitutively active EGFR mutants or contain multiple copies of the EGFR gene (41). 
Extensive basic science and pre-clinical data using EGFR mutants and anti-EGFR neutralizing antibodies have 
demonstrated that interference with EGFR-dependent signaling impairs the growth and survival of a variety of 
human tumor cell lines and xenografts (reviewed in (42)). These findings, and the observation that altered 
EGFR signaling in tumors was often associated with sub-optimal treatment outcomes and a poorer prognosis 
(43), made inhibitors of the EGFR tyrosine kinase an attractive therapeutic target. Although many EGFR 
tyrosine kinase inhibitors are in various stages of pre-clinical and clinical development, probably the best 
studied so far is the EGFR kinase inhibitor ZD1839 (Iressa). 
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ZD1839 (lressa): 4·(3·chloro·4·fluoroanilino)· 7 ·methoxy· 
6·(3-morpholinopropoxy) quinazoline 

Figure reprinted from (44). 

ZD 1839 is in the anilinoquinazoline class of kinase inhibitors, designed to inhibit EGFR by interfering with 
ATP binding (45). This orally administered drug has shown fairly specific inhibition of the EGFR, although a 
recent study repmted ZD1839 may also inhibit the activation of other EGFR family members (46), perhaps by 
an indirect, EGFR-dependent mechanism. In limited clinical trial experience thus far, ZD1839 has shown some 
activity as a single agent, particularly in non-small cell lung cancer (NSCLC), where responses have ranged 
from 10-25% (42, 47). Several groups have also reported stable disease in about another one third of patients, 
although the significance of this is hard to interpret from phase 1 trials. Generally, lressa is well tolerated, 
although side-effects such as diarrhea, abnormal liver function tests, and a fairly characteristic skin rash have 
been observed, and are often dose related (47). Because of pre-clinical data suggesting a synergistic effect of 
EGFR inhibitors with chemotherapy or radiation (reviewed in (42, 44)), Iressa has also been combined with 
chemotherapy in patients with solid tumors. In NSCLC, addition of ZD 1839 to Carboplatinffaxol 
chemotherapy resulted in a 25% response rate, and some additional patients were felt to have stable disease 
(48) . Another EGFR tyrosine kinase inhibitor, OSI774, has shown some activity in advanced head and neck 
cancer and Cisplatin-refractory NCSLC patients, with a response rate of approximately 6% and 10%, 
respectively, with another one third of patients experiencing stable disease (49, 50). The side effect profile of 
OSI774 appears to be quite similar to ZD1839, including the associated skin rash. Other EGFR-specific 
tyrosine kinase inhibitors are in pre-clinical and phase 1 development, including CI-1033, PKI-166, and 
GW2016. Much remains to be understood about the best dose schedule of the EGFR kinase inhibitors, and 
whether these drugs will prove synergistic with standard chemotherapy in a clinically significant way. 

The results of randomized trials currently in progress, such as the one outlined below, will play a crucial 
role in defining the role of EGFR kinase inhibitors in the treatment of solid tumors. In this trial, patients with 
inoperable stage 3 or stage 4 NSCLC have been randomized to receive a standard chemotherapeutic regimen 
alone, or the same chemotherapy with one of two maintenance doses of ZD1839. 

Chemotherapy• 
x6 cycles 

f-- • Chemotherapy• 
,____ _ ___. x6 cycles 

Chemotherapy• 
x6 cycles 

+ 250mg ZD1839""' .--------, 

~ Continue ZD1839 
+ 500mg Z01839 __ __., until disease 

+Placebo / 

progression or 
intolerable 

toxicity .________. 

*Gemcitabine/clsplatln or paclitaxel/carboplatln 

Randomized trial schema for patients with inoperable stage 3 or stage 4 NSCLC testing efficacy of ZD1839. 
Figure reprinted from (42) . 
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This trial has already met accrual, and an initial analysis should be available within the next year. Since 
patients were not required to have EGFR positive tumors for study entry, the results of this trial will help 
establish whether EGFR inhibition alone or in combination will have broader application than just in certain 
select high EGFR-expressing tumors. It is likely that the EGFR is only one of several non-essential pathways 
active in epithelial cancers, suggesting that treatment strategies for these tumors may grow ever more complex 
as additional rational targets are identified. 

Antibodies Targeting Specific Growth Factor Signaling Pathways 

Herceptin and the human growth factor receptor 2 (HER2) in breast cancer 
The human growth factor receptor 2 (HER2, also known as Erb2) is a protein tyrosine kinase in the EGFR 
family that is overexpressed in 20-30% cases of breast cancer (51). The most common mechanism leading to 
HER2 protein overexpression is amplification of the HER2 gene, although there are rare examples of HER2 
gene amplification without protein overexpression, and HER2 protein overexpression without gene 
amplification. Increased HER2 expression leads to constitutive HER2 activation in a ligand-independent 
fashion, perhaps secondary to auto-receptor activation due to excessive receptor crowding (52). In cell culture 
systems, dysregulated HER2 expression leads to cellular transformation, resistance to apoptotic signals, and 
enhanced proliferative capacity. Breast cancers that overexpress HER2 tend to have an increased proliferative 
index, chromosomal aneuploidy, and are more often negative for progesterone and estrogen receptor (53). As 
might be expected, I-{ER2 positive breast cancers also have an increased risk of lymph node involvement and 
distant metastasis (53, 54). The biologic features of HER2 overexpression have made HER2 an important 
negative prognostic indicator, with several studies demonstrating a decreased disease-free and overall survival 
of patients with HER2-positive breast cancer (55-57). There is also some evidence that HER2-positive breast 
cancers might respond differently to chemotherapy and hormonal manipulation than HER2 negative tumors 
(58), although this is controversial. 

It not surprising that HER2 expression status has now become a standard part of the clinical workup of 
patients with newly diagnosed breast cancer, although healthcare institutions differ in their methods to 
determine HER2 status. Some assess HER2 expression directly by immunohistochemistry (IHC), using 
antibodies to HER2 protein, while others use fluorescent in-situ hybridization (FISH), looking for evidence of 
HER2 gene amplification. Generally these assays give similar results, but the best correlation is usually at the 
extremes of HER2 expression, as seen in the table below. Of particular interest is the observation that only 
about a quarter of 2+ IHC positive breast cancers are positive for HER2 gene amplification by FISH. 

IHC #cases %FISH+ 
0 214 3 
1+ 30 7 
2+ 88 24 
3+ 197 89 

Comparison of HER2 status as determined by IHC and FISH. Table reprinted from Buehler eta!, ASCO 
5/2000, abstr. #294. 

Given the important role of the HER2 in the pathophysiology of breast cancer, a considerable effort was 
undertaken to develop inhibitors of this signaling pathway. Pre-clinical studies of anti-HER2 antibodies 
showed considerable activity against human breast cancer cell lines and tumor xenografts (59-61). The 
culmination of this investigation was the release of Herceptin® (Trastuzumab), a genetically-engineered, 
humanized anti-HER2 monoclonal antibody. In human breast cancer clinical trials, Herceptin has shown 
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activity in patients with heavily pretreated HER2-positive metastatic breast cancer, with a response rate of 
approximately 12-15% (62, 63). Additional patients have also experienced some disease stabilization. The 
duration of response to Herceptin has ranged between 5-8 months. Of note, a reasonable proportion of patients 
with 2+ HER2 IHC staining were included in some of these trials, and those patients had a response rate of 6% 
with Herceptin, compared to 18% for the 3+ HER2 patients (63). These results suggest that HER2 analysis by 
FISH may be a better predictor of response to Herceptin treatment. 

Although the response rate with Herceptin monotherapy has been modest, it compares favorably with 
standard chemotherapy salvage rates in heavily pre-treated patients, without the customary chemotherapy­
associated side effects. Herceptin is generally quite well tolerated. Fever and chills are the most common 
adverse effects, most commonly seen during the first infusion. These adverse effects generally respond to 
Tylenol and Benadryl, which are usually given prophylactically as well. Unexpectedly, cardiac dysfunction has 
been observed with Herceptin therapy, occurring in about 5% of patients receiving Herceptin as a single agent 
and up to 27% of patients receiving Herceptin in combination with an anthracycline, like Adriamycin (64). 
Because this humanized antibody contains only about 5% mouse-derived protein sequence (65), the 
development of human anti-mouse antibodies during the course of Herceptin treatment has been quite 
uncommon. The mechanism of Herceptin's anti -tumor effect is incompletely understood, but appears to be 
multifactorial. Besides interfering with HER2 activation, Herceptin has also been shown to accelerate the 
degradation of HER2 protein, induce expression of cell cycle inhibitors, and activate immune-mediated 
cytotoxic pathways (reviewed in (66)). 

Herceptin has shown its most impressive efficacy when it has been used in combination with 
chemotherapy. This was first appreciated when Herceptin was combined with cisplatin chemotherapy in 
heavily pre-treated metastatic breast cancer patients. In this phase 2 trial, almost one third of patients responded 
to this therapeutic combination, more than would be expected from single-agent Cisplatin salvage 
chemotherapy in this setting (67). Furthermore, the response rate was greater than expected with Herceptin 
monotherapy, and was without additional toxicity over that expected with Cisplatin alone. The improved 
efficacy of Trastuzumab in combination with chemotherapy led to a phase 3 trial in which patients with 
previously untreated metastatic breast were randomized to receive chemotherapy alone or chemotherapy plus 
Trastuzumab. 

#. 100 
90 

<1l 
> 80 ·::; 

70 ... 
::J 

(/) 60 
Chemotherapy plus trastuzumab 

Q) 
Q) 50 ... ..... c 40 P<0.001 
0 30 ·u; 
en 

20 Q) ... 
Cl 10 0 ... 

a.. 0 
0 5 10 15 20 25 

Months after Enrollment 
NO. AT RISK 

Chemotherapy 235 152 63 15 
plus trastuzumab 

Chemotherapy alone 234 103 25 6 

Progression-free survival of patients with HER2+ breast cancer randomized to receive Herceptin (Trastuzumab) 
plus chemotherapy, or chemotherapy alone. Figure reprinted from (64). 
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Addition of Herceptin to chemotherapy improved overall response rate (50% vs. 32% ), duration of response 
(9.1 vs. 6.1 months), and resulted in longer overall survival (25 vs. 20 months) (64). Of the chemotherapeutic 
agents studied, the most synergy was observed with Taxol (Paclitaxel). 

~ 
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~ 90 
<ti 
> 80 ·:;: 
.... 70 
::::l 

en 60 
Cl) 

~ 50 ..... c 40 P<0.001 
0 30 ·u; 
(J) 

20 Cl) .... 
Cl 10 0 .... 

a.. 0 
0 5 10 15 20 25 

Months after Enrollment 
No. AT RISK 

Pacl itaxe l and 92 54 23 
trastuzumab 

Paclitaxel alone 96 26 5 

Progression-free survival of patients with HER2+ breast cancer randomized to receive Herceptin (Trastuzumab) 
plus Taxol (Paclitaxel), or chemotherapy alone. Figure reprinted from (64). 

As in the single agent studies, Herceptin was associated with increased cardiac toxicity, worse in those patients 
receiving Herceptin in combination an anthracycline (64). Exactly how Herceptin acts synergistically with 
chemotherapy is unknown. However, one likely mechanism is that Herceptin blocks constitutive HER2 
activation, a pathway normally important for HER2 overexpressing tumors to resist chemotherapy-induced 
apoptotic signals. The encouraging results achieved with Herceptin will likely lead to numerous additional 
studies of Herceptin in HER2 overexpressing breast cancer patients, patticularly in the adjuvant setting. 

Targeted antibody therapy for the epidermal growth factor receptor (EGFR) 
Besides specific tyrosine kinase inhibitors such as ZD1839 discussed previously, there are also antibody-based 
approaches to target the EGFR signaling pathway. Antibodies blocking EGFR activation showed considerable 
promise in pre-clinical studies of human tumor cell lines and tumor xenografts (68, 69), leading to the release of 
a human/mouse chimeric antibody called C225 (Cetuximab) for human cancer clinical trials. Although C225 
has activity in some epithelial cancers as a single agent, much of the recent investigation has focused on 
combining this agent with chemotherapy. In a phase I trial of patients with recurrent head and neck cancer 
receiving C225 in combination with Cisplatin, several tumor responses were observed, including some in 
patients that had failed prior Cisplatin-based therapy (70). Recent studies have suggested that C225 may also 
act synergistically with radiation in head and neck cancer (71, 72). Although incompletely understood at 
present, the mechanism of C225 anti-tumor activity will likely be similar to that reported with Herceptin, 
although a recent study suggests C225 may also interfere with tumor-associated angiogenesis (73). Compared 
to Herceptin, less is presently known about the clinical future of targeted EGFR antibody therapy, but additional 
anti-EGFR products, such as ICR62 and E7.6.3, are also in pre-clinical and early clinical development, 
suggesting this area will be the subject of even more intense clinical investigation in the future. 
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Antibodies Targeting Specific Cell Surface Molecules: Hematologic Malignancies 

Rituxan (Rituximab) 
About three-quarters of non-Hodgkin's lymphomas (NHL), and most cases of chronic lymphocytic leukemia 
(CLL) and Waldenstrom's macroglobulinemia, are of B-lymphocyte origin, making a B cell-targeted antibody 
an attractive treatment strategy for hematologic malignancies. Rituxan, the first FDA-approved monoclonal 
antibody therapy for lymphoma, is a mouse/human chimeric antibody against the B-cell surface antigen CD20, 
a molecule important forB -cell growth and differentiation (74). CD20 is expressed in approximately 95% of 
NHL cases, so initial trials of Rituxan focused on the treatment of patients with recurrent low-grade (indolent) 
NHL. The first large phase 3 trial of this compound demonstrated impressive activity in low-grade NHL, with 
almost 50% of patients responding to Rituxan, administered weekly at a dose of 375 mg/m2 for a total of four 
doses (75) . The mean duration of response was almost one year. The results were particularly impressive since 
many of the patients had extensive and heavily pre-treated disease. Since the initial success of this study, 
numerous other trials of Rituxan alone or in combination with chemotherapy in NHL have been conducted or 
are in progress. One recent study investigated whether Rituxan had a role in the treatment of low-grade NHL 
patients relapsing after an initial response to this drug, and found some surprising results. In this study, 40% of 
patients had a response to Rituxan re-treatment, including 11% with a complete response. 

Clinical Response in Rituximab Re·Trealrnent NHL Patients 

Patients 

Patient Group 

Intent-to-treat 
Assessable 

Total 
No. 

60 
57 

Completo Respomo 

No. % 

6 
6 

10 
11 

Partial Respome 

No. % 

17 
17 

28 
30 

Overall Response 

No. % 

23 
23 

38 
40 

95% Cl for CR 
and PR (%) 

26-51 
28-53 

Figure reprinted from (76). 

Interestingly, the median duration of response (DR) and time to progression (TIP) of Rituxan re-treated patients 
were longer than the patients had experienced during their first course of Rituxan (76). Again, most of these 
patients had received considerable prior therapy, including some who had received bone marrow 
transplantation. 

Prior Lymphoma The ropy in Rituximab Re· T reotrncnt NHL 
Patients 

No. of 
Typo of Prior Therapy Poncnts 

Chemotherapy 
Rituximab 
Other bioimmunotheropy 
Radiotherapy 
ABMT 

ABMT, PSC 
ABMT, BM 

All therapies 

58 
60 
18 
18 
9 
5 
4 

60 

No. of Courses of Therapy 

Median 

2 

2 

4 

Range 

1-6 
1-2 
1-1 
1-5 
1-1 
1-1 
1·1 
2-11 

Abbreviations: ABMT, autologous bone marrow transplont; PSC, peripher· 
ol-blood stem cells; BM, bone morrow. 

20 

15 

11 c: 10 
0 
::;; 

PriorCourn Currant Course 

8 DR 
G TTP 

• DR and TTl' (with upper 95% confidence interval stems) in the 
current (Kaplan-Meier estimates) and previous course of rituximab in 
patients responding to rituximab therapy. 

Clinical features of low-grade NHL patients re-treated with Rituxan (left), and clinical outcome (right). Figures 
reprinted from (76). 
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Studies of Rituxan in combination with traditional chemotherapeutic regimens in low-grade NHL have also 
been encouraging. In a recent trial investigating Rituxan in combination with standard CHOP chemotherapy, 
the overall response rate was 95%, with 55% experiencing a complete response (77). The median duration of 
response had not yet been reached, but responses were quite durable with 74% of patients in remission at 29+ 
months. Importantly, this particular study included patients with negative prognostic factors such as bulky 
disease, elevated LDH, age greater than 60, and involvement of extranodal sites, including bone marrow. 

Response to Therapy 

CR PR CR -~ PR 
---- ---

Pl!IK.>ffi Group No. No. % No. % No. % 
·--·--·-·-------------------- --------------
lntcnt -lO-trcat 40 22 55 16 40 38 95 

Extmnodal disease 29 15 52 14 48 29 100 

Elevated I.DH 11 5 45 6 55 11 100 

Bone marrow invohmment 22 11 50 11 50 22 100 

Age ?. 60 years 11 5 45 6 55 11 100 

BtJiky disoasn• 14 4 29 10 71 14 100 

Abbreviation: LOH. IBctatc dchydrogenose. 

"Pallents who h~'ld ~lesion mo;.1sunng <lf lea~t 5 em (but no more th<ln 10 em) 

m tht'! largest diameter. 

a 10 u u 111 1a ~ n u a 2a 30 Jl 3<~ l4 n -4ll .. .1 .f.4 46 .c.t so 
Months to Progression 

Clinical features of patients with low-grade NHL receiving CHOP/Rituxan therapy (right), and their 
progression-free survival (left). Figures reprinted from (77). The lighter curves (at right) represent the 
confidence intervals for the progression-free survival curve. 

It should be noted that similar complete response rates have been reported in studies using CHOP chemotherapy 
alone in low grade NHL (78, 79). Whether the addition of Rituxan will prove supelior to CHOP will require a 
randomized trial with lengthy follow-up, since the median survival of patients with low-grade NHL is 8-10 
years. Of particular interest in this and other Rituxan-based studies is that a substantial proportion of patients 
became polymerase chain reaction (PCR) negative for the t(14;18) chromosomal translocation (77, 80, 81). 
Translocations involving t(14;18) are detectable in over three-quarters of patients with low-grade NHL, and are 
associated with rean·angement of the proto-oncogene, bcl-2. Approximately 50% of patients treated with 
Rituxan alone or CHOP/Rituxan became negative for the bcl-2 rearrangement by PCR, and those patients 
expelienced a higher response rate than patients who did not become bcl-2 negative (81). Bcl-2 negativity has 
not been seen in association with standard CHOP therapy (82). Whether a survival benefit will be seen in low­
grade NHL patients rendered bcl-2 negative with Rituxan-based therapy will require longer follow up. The 
issue of bcl-2 negativity in low-grade NHL is of particular importance in the context of autologous bone 
marrow transplantation (BMT), which has been extensively used in this disease, but is generally not felt to be 
curative. In studies of autologous BMT for low-grade NHL in which anti-B cell antibodies were used to purge 
the BM autograft ex vivo, improved survival was seen in those patients whose BM product could be purged to 
bcl-2 negativity (83). Whether Rituxan can be used alone or in combination to accomplish "in vivo purging" of 
patients with low-grade NHL is unknown, but this question will likely be addressed in future Rituxan clinical 
tlials. 

Rituxan has also been used in the treatment of high-grade (aggressive) NHL. In a large phase 2 tlial, 
Rituxan was combined with CHOP chemotherapy, resulting in an overall response rate of 94% (84). 
Approximately 60% of patients achieved a complete remission and about one third achieved a partial response, 
at least as good as expected from CHOP therapy alone. At the time of publication the median duration of 
response still had not been reached, with a median follow up of 26 months. To detetmine whether 
CHOP/Rituxan is superior to CHOP alone in aggressive NHL, the French clinical trial group, GELA, recently 
reported an initial analysis of a randomized ttial compaling these two regimens in previously untreated elderly 
patients with large cell NHL (85) . Patients receiving CHOP/Rituxan experienced a higher rate of complete 
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response (76% vs. 60% ), and one-year survival (83% vs. 68%) than CHOP alone. Although these are 
encouraging results, definitive conclusions about the efficacy of CHOP/Rituxan will require longer follow-up, 
and appropriate confirmation from other randomized trials already in progress. 

Given the encouraging results of Rituxan in low-grade and aggressive lymphoma, its utility in other B­
cell hematologic malignancies is currently being investigated. Rituxan as a single agent has been demonstrated 
to have variable activity in previously treated patients with chronic lymphocytic leukemia (CLL). In one study 
only one of seven patients with fludarabine-resistant CLL had a partial response to Rituxan (86), while in a 
more recent study approximately 25% patients achieving a partial response (87). In this latter study, almost half 
the patients experienced a 50% reduction in lymphocytosis that was durable for at least one month. The overall 
response to Rituxan was relatively short, with a median remission duration of about 5 months, likely because 
this patient cohort included many extensively treated patients. 

Patient demographics and pretreatment characteristics 

Characteristic 

Median age, y (range) 

Sex. male/female 

Karnofsky index 

Less than 80% 

Between 80% and 1 00% 

Median time since first CLL diagnosis. y (range) 

Histological type 

B-CLL 

B-PLL 

Binet stage at study entry 

B 

c 
B symptoms 

Bone marrow infiltration (n ~ 28) 

Nodular 

Mixed 

Diffuse 

No. of previous treatments for CLL 

1 

2 

3 

4 

More than 4 

Time since end of last CLL treatment 

No more than 12 wk 

3-6mo 

6-12 rna 

1-2 y 

More than 2 y 

PLL indicates prolyrnphocytic leukemia. 

No. 

60 (47-75) 

20/10 

6 

24 

5 (1-19) 

29 

11 

19 

14 

13 

6 

9 

5 

8 

4 

12 

10 

6 

8 

3 

3 

% 

67/33 

20 

80 

97 

3 

37 

63 

47 

46 

21 

32 

3 

17 

27 

13 

40 

33 

20 

27 

10 

10 

1.0 
c;: 

-~ 0.8 
"' ~ 
g> 0.6 
5.. 
-g 0.4 
:5 
-~ 0.2 
2 
!.'!! 0.0 

0 5 10 15 20 25 30 
weeks 

Response duration and time to disease progression (Kaplan-Maier 
estimation). 

Clinical features of previously treated CLL patients treated with Rituxan (left) and outcome (right). Figures 
reprinted from (87). 

These results suggest that prolonged treatment with Rituxan may be required to achieve a more durable 
response in CLL, or that Rituxan will need to be used in combination with standard chemotherapeutic agents. 

Rituxan has also demonstrated significant activity in another CD20 positive B-cell hematologic 
malignancy, Waldenstrom's macroglobulinemia. Approximately 30% of Waldenstrom's patients have achieved 
a partial response with Rituxan (88, 89), and about 50% of patients had improvement in hematocrit and platelet 
counts, resulting in a decrease in transfusion requirement (89). Durability of response has generally been about 
7-8 months after four weekly doses of Rituxan. Given these encouraging results, studies of Rituxan in 
combination with chemotherapy in Waldenstrom's are currently underway. Rituxan has also been tried in 
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mantle cell NHL, an intermediate grade NHL not curable with standard chemotherapy. Rituxan as a single 
agent has resulted in a response rate of 22-38% (90-92), but with only modest durability, about one year. Trials 
are currently under way to determine if Rituxan might be added to standard chemotherapy or BMT strategies to 
improve the outlook for this otherwise unfortunate group of patients. 

Rituxan is generally well tolerated, with the most common side effects associated with the initial 
infusion. Side effects such as fever, pruritis, and chills are usually easily managed and/or prevented by agents 
such as Tylenol and Benadryl. Alterations in blood pressure, conjunctivitis, bronchospasm, and cardiac 
arrhythmias have also been reported (93). Tumor lysis-like syndromes are uncommon, but have been reported, 
leading some physicians to use allopurinol and intravenous fluid hydration prior to administering Rituxan to 
patients with heavy tumor burdens. Another syndrome that appears to be distinct from classic tumor lysis is the 
"cytokine release syndrome." This syndrome has been reported in CLL patients with extensive peripheral blood 
lymphocytosis at the time of the Rituxan infusion, and in NHL patients with a peripheral blood "leukemic" 
phase (86). Affected patients develop a sepsis-like syndrome, with elevated liver function tests, and coagulation 
abnormalities resembling diffuse intravascular coagulation (DIC), accompanied by marked elevations of serum 
tumor necrosis factor-a and interleukin-6. Because these symptoms tend to occur in patients with pronounced 
lymphocytosis, it has been recommended that patients with peripheral lymphocytosis greater than 50 X 106/).tl 
receive Rituxan at small initial doses, or receive prior chemotherapy for better immediate control of their 
disease (86). 

Rituxan has been demonstrated to exe1t a broad range of effects, both on normal and malignant CD-20 
positive cells. Rituxan has an inhibitory effect on B-cell proliferation and survival, and is also capable of 
eradicating B-lymphocytes through complement-mediated and antibody-dependent cell-mediated cytotoxicity. 
Rituxan has also been demonstrated to enhance chemosensitivity (94). Therefore, it is not surprising that 
normal CD-20 positive B-lymphocytes are depleted in most Rituxan-treated patients. Although B cell levels 
may not return to normal for almost a year after treatment, serum immunoglobulin levels are not affected (95), 
and like in animal models (96), patients receiving Rituxan do not appear to incur additional risk of infection. 
Interestingly, despite patients receiving multiple courses of Rituxan therapy, the development of antibodies 
against Rituxan have been rare. 

Campath-lH 
Campath-1H is a humanized monoclonal antibody against the cell surface membrane glycoprotein CD52, which 
is found on most lymphocytes and cells of the monocyte/macrophage lineage (97). Over the last several years, 
Campath has been increasingly used in a variety of clinical applications, including the treatment of autoimmune 
disease (97), modulation of the immune system for bone marrow and solid organ transplantation (98), and as 
therapy for certain hematologic malignancies. Campath-1H has been shown to have activity in CLL, T-cell 
prolymphocytic leukemia (T-PLL), NHL, and mycosis fungoides/Sezary syndrome (99). There have been 
several reported trials of Campath-1H in CLL patients, most of which have had advanced disease. A fairly wide 
range of response rates has been reported, probably because CLL patients with predominantly lymph node 
disease are less likely to respond to Campath-1H than those patients whose disease is mostly manifested in the 
peripheral blood and bone marrow (101). The reason for this difference is unknown, but could conceivably be 
related to accessibility of the CD52 antigen. In the largest series, about one third of fludarabine-resistant CLL 
patients responded to Campath-1H, two of the patients experiencing a complete response (1 02). 
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Campath-1 H in chronic lymphocytic leukemia 

Stud~ Patients, n Schedule Res[!onse (CRIPR} Prior therae~ 

Osterberg et a/. 9 5 IV I 4 SO: 3 mg initial with escala· 89% {3/5) No previous therapy 
l ion to 30 mg unitl CR or 18 wk 

Dyer et a/. 6 1 0-20 mg test dose, then 30 mg 830/o (5/0} Fludarabine, chlorambucil , prednisolone/pred· 
tiw for 6- 12 wk nisone, cyclophosphamide, pentostatin, 

doxorubicin, vinc ristine, epirubicin 
Bowen el a/. 6 SO: 1 0 mg test dose, then 30 mg 50qiJ (0/3) Fludarabine 

tiw for 6-1 2 wk 
Ginaldi eta/. 12 Not specified 75% (4/5) Not identified 
Osterberg eta/. 29 2-h IV infusion for 1 2 wk, in itaf dose 42% (1/11) Fludarabine, chlorambucil, prednisolone/pred· 

3 or 10 mg nisone, cyclophosphamide, doxorubicin, 
vincristine, epirubicin, interferon 

Rawstron eta/. 10 30 mg IV tiw x 6 weeks 70% {5/2} Refractory disease 
Keating et a/. 92 30 mg IV over 2 h tiw for 4-12 wk 33% (2/29} Refractory to fludarabine, alkylator exposed 
Rawstron et a/. 15 30 mg IV tiw x 6 weeks Fludarabine, chlorambucil, prednisolone/pred· 

nisone, cyclophosphamide, doxorubicin, 
vincristine, pentostatin 

Kennedy et a/. 29 30 mg IV tiw until maximum 59% (1 0/7} Refractory to therapy including purine analogues 
response 

Ferrajoli et a/. 30 IV 3 mg day 1 , 1 0 mg day 2, 30 mg 20o/o (1/5) Refractory disease 
day 3, and 30 mg tiw for 1 2 wk 
thereafter 

Rai eta/. 13 30 mg IV tiw for 16 wk 69% (3/6) Not identified 

CR, complete response; IV, intravenous; PR, partial response; SO, subcutaneous; tiw, 3 times/wk. 

Studies of Campath-lH in CLL. Table reprinted from (100) 

It is likely that future study of Campath-lH in CLL will focus on patients with earlier stage CLL, and explore 
the efficacy of Campath-lH in combination with chemotherapy or other lymphocyte-targeted therapy such as 
Rituxan. Probably the most impressive responses to Campath-lH have been in patients with T-cell PLL, which 
is a fairly rare lymphoid malignancy that tends to be quite clinically aggressive and generally resistant to 
standard chemotherapeutic agents . 

Campath-1 H in T·cell prolymphocytic leukemia 

Stud_,_y ______ P_a_tients, n 

Cazin eta/. 
Ginaldi et a/. 
Pawson el a/. 

9 T·PLL 
12 T·PLL 
15 T·PLL 

Date 

1999 
1998 
1997 

Overall response 

670fo (6 CR) 
75% (7 CR/2 PR) 
73% (9 CR/ 2 PR) 

CR, comple response; PR, partial response; T·PLL, T·cell prolymphocytic leukemia. 

Prior therapy 

Multiple prior regimens 
8 patients had disease refractory to prior therapy 
All failed to enter a CR with prior therapies 

Studies of Campath-lH in patients with T-cell PLL. Table reprinted from (100). 

Approximately 70% ofT -cell PLL patients responded to Campath-lH, many with complete responses, which is 
uncommon with standard therapies. Some of the patients in these studies were able to take advantage of their 
complete responses and were consolidated with BMT. Whether any T-cell PLL patients are cured with this 
approach will require longer follow up. Campath-1H also has activity in NHL, but response rates have tended 
to be lower than those reported for CLL, T -cell PLL, and mycosis fungoides. In a couple of recent studies the 
response rates in NHL ranged between 14-19%, likely due to the decreased efficacy of Campath-1H when 
lymphocytes are aggregated within lymph nodes compared to when they reside in the bone marrow and or 
peripheral blood (99, 103). In one study, Campath-1H was much more effective in clearing NHL cells from the 
bone marrow and peripheral blood (32% and 94% of patients, respectively) (99), suggesting a possible role for 
Campath-1H in depleting malignant cells from these sites prior to pelipheral blood stem cell harvest and 
autologous BMT. 

Since this drug depletes normal B- and T-lymphocytes, sometimes for up to 18 months after treatment 
(104), infectious complications associated with Campath-1H have been significant, even with appropriate 
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antimicrobial prophylaxis. Infections with CMV, HSV, pneumocystis, candida, aspergillus, and encapsulated 
bacteria have been reported in association with Campath- lH therapy (99). Although some of the increased 
infection risk is likely secondary to the patients' advanced disease at time of therapy, use of Campath-lH 
requires careful antibiotic prophylaxis and heightened clinical vigilance for early signs of infection. Apart from 
the infectious disease concerns, most of the remaining adverse effects with Campath-lH are associated with the 
infusion itself, including fevers, chills, rigors, and rash, which are usually managed with appropriate pre­
medication and symptomatic treatment. 

Other antibody-based therapy for NHL 
The success of targeted therapies such as Rituxan and Campath-lH has led to an explosion of additional 
antibody-based products, now in various stages of clinical investigation (reviewed in (105)). In addition to anti­
CD20-based antibody products, antibodies against ly~phoid antigens CD22, CD37, CD19, and others are 
currently under study. In many cases investigators have begun to conjugate some of these targeted agents to 
toxins or isotopes in attempts to enhance anti-tumor activity. 

Ant ibodies conjugated to isotopes and immunotoxins for NHL therapy 

Antibody Antigen Isotope or toxin 

Lym- 1 liLA Class II t3 t 1, 67cu 

LL2 Anti-CD22 131[, !JOy 

RFBR Anti-CD22 Dcglycosylatcd ricin A: chain 

MB-1 Anti-CD37 1311 

Anti-idiotypc B-ee !I surface Ig 90y 

Anti-84-blockcd ricin Anti -CD19 Blocked ric in 

IF5 Anti-CD20 13 ' I 

B- 1 Anti-CD20 1311 

IDEC-288 (iblitumomab) Ant i-CD20 90y 

Conjugated antibodies for patients with lymphoid malignancy. Table reprinted from (106). 

All of the radioimmunotherapy-based NHL-targeted therapies have an increased risk for bone marrow 
suppression, with thrombocytopenia being a dose-limiting factor for several of the agents. As might be 
expected, patients heavily pre-treated with chemotherapy and those with significant bone marrow involvement 
by NHL are at particular risk for myelosuppression from radiolabeled antibody treatment. One radioconjugated 
product, IDEC-Y2B8 (Zevalin®, Ibtitumomab) has been investigated in several recent trials, some still in 
progress. IDEC-Y2B8 is a murine antibody that recognizes the same CD20 determinant as Rituxan, but is 
labeled with 90Y, a beta-emitting isotope, amenable to outpatient therapy. This product has been recently 
studied in patients with quite advanced and refractory NHL, with some encouraging results. 

In a recent phase 112 trial of previously-treated patients with NHL, IDEC-Y2B8 had a response rate of 
82% (26% complete responses) in low-grade NHL, and 43% in intermediate NHL (107). Although there were 
only three patients with mantle cell NHL, none of them responded to IDEC-Y2B8. The overall response rate 
for the entire cohort (67%) was encouraging since many of the patients had extranodal involvement, and some 
of the patients had bulky disease. Durability was over one year in the responding patients. Generally IDEC­
Y2B8 was well tolerated, and hematopoietic toxicity was manageable and seemed to con·elate with the degree 
of bone man·ow involvement by NHL. The development of human anti-mouse antibody was uncommon in this 
trial (2%), which the authors speculated might be due to the patients receiving unlabeled Rituxan before the 
IDEC-Y2B8 infusion, to improve tissue delivery (107). Interim analysis of a few other IDEC-Y2B8 trials have 
also shown encouraging results. Approximately 80% of low-grade NHL patients responded to IDEC-Y2B8, 
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compared to 44% of Rituxan-treated patients (108). In another study, IDEC-Y2B8 had a 46% overall response 
rate in patients with Rituxan-resistant low-grade NHL. 

Radiolabeled antibodies: !DEC-Y2B8 clinical studies 

Response 
Indication Treatment lV" rate(%) TTPb 

Relapsed or refractory Phase III! 17 ( 14 single- ORR= 64 median 8 
B-cell NHL IDEC-Y2B8 dose) CR = 28 months 

(pretreatment with PR = 36 (6- 13 
unlabeled murine months) 
anti-CD20) 

Relapsed or Phase I/11 51 total: ORR= 67 Estimated 
refractory IDEC-Y2B8 34 LG CR = 26 median 
NHL (pretreatment with l'R = 41 11.7+ 

unlabeled rituximab) ORR= 82 months 
CR = 27 
PR = 56 

Relapsed or refractory, Phase Ill 90 total : ORR= 80 N/A 
LG/F, or transformed IDEC-Y2B8 46 !DEC-Y2B8 CR: N/A 

vs. rituximab PR: N/A 

Rituximab-refractory, Phase III 24 ORR = 64 N/A 
follicular NHL IDEC-Y2B8 CR: N/A 

l'R: N/A 

Relapsed or refractory, Phase II 24 total: ORR= 64 N/A 
LG/F, or transformed IDEC-Y288 22 evaluable CR: N/A 
thrombocytopenic PR: N/A 
patients 

Note: ORR. overall response rate; CR. complete response; PR. partial response; LG/1' = low-grade or follicular; NA = not 
available. 

11N is the number of puticnts who received the treatment. 

hTTP, time to progression among patients who responded to the treatment. 

Summary of recent trials of IDEC-Y2B8 in patients with NHL. Table reprinted from (106). 

It will be interesting to see if these promising results are maintained during subsequent analyses of these trials, 
and whether IDEC-Y2B8 responses will be more durable than Rituxan, or result in any survival differences. 
Extensively-treated NHL patients, especially those who have had autologous BMT, are at increased risk for the 
development of myelodysplasia and secondary acute myelogenous leukemia (AML). Whether IDEC-Y2B8-
treated NHL patients will also be at increased risk for the development of MDS/AML is currently unknown. 

Over the next several years, there will be a vast amount of data generated from numerous single-agent 
and combination trials of antibody-based therapy for lymphoid malignancies. Although the choice of therapy 
will grow ever more complex, it is anticipated that advances in targeted therapy for these diseases will result in 
improved patient outcome, perhaps with less toxicity. 

Targeted therapy for acute myelogenous leukemia (AML) 
For AML relapsing after standard chemotherapy, traditional salvage options have been quite limited. Recently, 
an antibody targeting the cell surface glycoprotein CD33 has been developed, called Mylotarg (Gemtuzumab 
ozogamicin), which has demonstrated encouraging activity in relapsed or refractory AML. The rationale for 
developing a targeted antibod.' against CD33 is based on the observation that CD33 expression in myeloid cells 
tends to be inversely correlated with differentiation. That is, CD33 expression tends to be highest in immature 
myeloid cells, including most AML blasts, and lowest in maturing granulocytes (109). Importantly, CD33 is 
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not expressed on CD34 +hematopoietic stem cells (109, 110). Mylotarg is a humanized antibody against CD33 
that is conjugated to the highly cytotoxic antibiotic, Calichearnicin, originally isolated from a screen of marine­
derived actinomycetes for compounds with anti-tumor properties. 

u, lo:tding of calicheamicin on 
1mtibody ~ 0, I, 2, 3, 4, 5, .. ... 
a\r&:rngc n .::. 2- 3 

n 

Structure of gemtuzumab ozogamicin . HP67.6 represents the 
humanized monoclonal antibody directed against CD33. Calicheamicin 
is linked to the antibody in variable molar ratios; approximately 50% of 
th~ antibody is unconjugatcd. 

Figure reprinted from (111). 

Calicheamicin belongs to a class of enediyene antibiotics that target specific oligopyrimidine/oligopmine 
regions of DNA, and cause double-strand DNA breaks through the formation of a highly reactive intermediate 
(112,113). A recent report described the results of the largest published trial of Mylotarg, which studied this 
drug in patients with CD33-positive AMLin first relapse. The median age of the cohort was 61 years old. 
Thirty percent of patients attained a remission, which in this study deviated slightly from the standard, allowing 
patients with incomplete count recovery to be considered in remission as long as they had fewer than 5% bone 
marrow blasts (114). Interestingly, the remission rate for Mylotarg-treated patients with a first remission less 
than 12 months was similar to those with longer remissions, and elderly patients (older than 60 years) tended to 
fare as well as younger patients. The durability of response was approximately 7 months for all patients, but 
this included the one third of patients were underwent BMT after a Mylotarg-induced remission. In fact, the 
median relapse-free survival was only 2.1 months for those patients who received no further therapy after 
Mylotarg and at least 8.9 months for those patients able to be consolidated with BMT (114). 
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Clinical outcome for patients with CD33+ AML receiving Mylotarg. Figures reprinted from (114). HSCT 
denotes hematopoietic stem cell transplantation and OR is overall responder (total achieving complete 
remission). 

Median overall survival was at least 14.5 months in the Mylotarg patients able to undergo BMT, and 12.8 
months in those patients receiving no post-Mylotarg therapy. In contrast, patients who did not respond to 
Mylotarg had a median survival of only 2.5 months without subsequent therapy, and only 4.2 months with bone 
man·ow transplantation. 

Mylotarg is generally well tolerated, with approximately 10% of patients experiencing infusion related 
symptoms such as fever, chills, and transient hypotension. Mylotarg is generally administered as two separate 
two-hour infusions (9 mg/m2

), spaced two weeks apart, potentially allowing a significant proportion of the 
treatment cycle to be performed as an outpatient. However, since the infusions are separated by 2 weeks, and 
Mylotarg induces significant myelosuppression, the duration of neutropenia can be quite prolonged (median 40 
days), although in a recent study the incidence of grade 3/4 infections with Mylotarg compared favorably to 
standard chemotherapy (114). Nausea, vomiting, and oral stomatitis, are commonly associated with standard 
AML chemotherapy, but only 4% of patients experienced grade 3/4 mucositis with Mylotarg. Whether this 
accounts for why Mylotarg was associated with a relatively modest risk of infection despite prolonged 
neutropenia is unknown. Probably the most concerning adverse effect seen with Mylotarg therapy is 
hepatotoxicity, occurring in about one third of patients ( 111 ), usually manifested by modest hyperbilirubinemia. 
In some cases it can progress to hepatic failure and a vena-occlusive disease-like (VOD) syndrome. Although 
Mylotarg-associated VOD is more common in patients who have had a prior bone marrow transplant (115), it 
also can occur in 5-12% of non-transplant patients ( 114, 116, 117). 

Mylotarg represents an encouraging advance in the therapy of relapsed AML. The patients experiencing 
the most benefit will probably be elderly patients with AML relapsing less than one year after diagnosis (115) . 
However, the best responses to Mylotarg appear to be those who are able to undergo additional consolidative 
therapy, especially BMT. Future studies will address whether Mylotarg can safely combined with 
chemotherapy, or whether inhibition of multi-drug resistance genes, which may play a role in Mylotarg 
resistance (118), could improve its efficacy. 
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Antibodies targeting cell surface molecules: solid tumors 

Edrecolomab (17 -lA, Panorex®) 
Edrecolomab (Panorex®) is a mouse monoclonal antibody that recognizes a non-secreted cell surface antigen 
called CD-17 A, expressed on normal and malignant epithelial cells ( 119). The precise function of CD-17 A, 
also called Ep-CAM, is unknown, but it does appear to play a role in adhesion (120). Edrecolomab was 
originally identified and characterized as an antibody with cytotoxic and anti-tumor activity against human 
colon cancer lines (121). There appears to be multiple possible mechanisms by which Edrecolomab exerts its 
cytotoxic effect, including antibody-dependent cell cytotoxicity, complement-mediated cytolysis, and formation 
of an anti-idiotype network (122, 123). In humans, Edrecolomab has been chiefly studied in colon cancer, 
tumors that generally stably express CD-17A. Edrecolomab has shown only very modest activity in metastatic 
colon cancer, either as a single agent or when combined with chemotherapy (122). In contrast, when used in the 
adjuvant setting, Edrecolomab has generated some encouraging results. In a trial initiated several years ago, 
189 patients with stage C colon cancer were randomized to Edrecolomab or observation alone after curative 
resection. Patients could have no evidence of residual disease, and those randomized to the Edrecolomab arm 
received 500 mg postoperatively, and four monthly infusions of 100 mg each (124). The results of this trial 
were updated in 1998, at which time the vast majority of patients had been followed for at least five years. The 
Edrecolomab-treated patients experienced a 23% decrease in recurrence rate and a 32% reduction in overall 
mortality, all highly statistically significant (125). Interestingly, Edrecolomab therapy appeared to have its most 
pronounced inhibitory effect on occult visceral metastases, because Edrecolomab-treated patients had a 
significant reduction in distant failure rate, but no decrease in the rate of local recurrence. 
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Clinical outcomes of patients with stage C colon cancer randomized to Edrecolomab or observation. Figures 
reprinted from (125). 

Edrecolomab was generally well tolerated, with the most common side effects being diarrhea and nausea. 
Adverse reactions to the infusion were relatively uncommon, and manageable with appropriate pharmacological 
treatment. Many patients developed positive human anti-mouse antibody titers after Edrecolomab therapy, but 
there was no evidence that these antibodies impaired the efficacy of Edrecolomab, and their presence or absence 
did not correlate with clinical outcome (123). These promising results have led to several large confirmatory 
and combination clinical trials. 
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Ongoing randomized clinical research trials examining Edrecolomab alone or in combination with 
chemotherapy in patients with stage III (C) colon cancer. Schemas reprinted from (122). 

The trial to the left has been open in North and South America, and seeks to determine whether addition of 
Edrecolomab will improve the efficacy of 5-FU-based adjuvant chemotherapy in stage 3 (C) colon cancer. The 
trial to the right has been conducted mainly in Europe, and employs a similar schema, but with the addition of a 
third Edrecolomab-alone arm. Both of the trials have already met accrual, and although there is no efficacy or 
survival data yet available, there have been some early reports on the toxicity profiles of combination 
Edrecolomab/chemotherapy. Thus far it appears that the addition of Edrecolomab to 5-FU-based chemotherapy 
has not resulted in any additive toxicity . Specificaliy, the incidence of side effects commonly experienced with 
5-FU, such as stomatitis, diarrhea, and nausea and vomiting, were similar in the Edrecolomab/chemotherapy 
and chemotherapy alone arms (122). Other large cooperative group clinical trials still in progress include a trial 
comparing Edrecolomab to placebo (standard) as adjuvant therapy for stage 2 (B) colon cancer, and another 
tri<\1 in stage 2/3 resectable rectal cancer that will compare standard chemotherapy to combination 
chemotherapy/Edrecolomab. The outcomes of these trials will provide important insights into the role of 
Edrecolomab in adjuvant colorectal therapy, and will be eagerly awaited. The effectiveness of Edrecolomab in 
the adjuvant setting, in contrast to its limited activity in advanced disease, suggests this drug acts by 
immunologically targeting micrometastatic disease. If confirmed, this finding would suggest that the future of 
solid tumor-targeted immunotherapy might lie in early-stage disease, and that more advanced tumors will 
require multimodality therapy, including rationally targeted agents. 

Conclusions 
The rational, molecular-targeted approach to cancer therapy is an exciting and rapidly evolving field. Kinase 
inhibitors and antibody-based therapeutics have already made a substantial impact on the traditional practice of 
oncology. Additional therapeutic agents are being developed that will target cellular processes such as DNA 
replication, cell cycle regulation, gene transcription, and angiogenesis. An important challenge for the future 
will be to define the strengths and limitations of these new compounds, and to decipher how they might be 
incorporated into traditional therapeutic approaches. As cancer therapeutics grows more complex, there will be 
a growing need to study these drugs in the context of clinical trials, and to use sophisticated molecular 
diagnostic techniques to identify those patients most likely to benefit from specific molecular-targeted agents. 
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