Henry Ford Hospital Medical Journal
Volume 39

Number 2

Article 9

6-1991

New Purine Analogues for the Treatment of Chronic B-Cell
Malignancies
Thomas E. Gribbin

Follow this and additional works at: https://scholarlycommons.henryford.com/hfhmedjournal
Part of the Life Sciences Commons, Medical Specialties Commons, and the Public Health Commons

Recommended Citation
Gribbin, Thomas E. (1991) "New Purine Analogues for the Treatment of Chronic B-Cell Malignancies,"
Henry Ford Hospital Medical Journal : Vol. 39 : No. 2 , 98-102.
Available at: https://scholarlycommons.henryford.com/hfhmedjournal/vol39/iss2/9

This Article is brought to you for free and open access by Henry Ford Health System Scholarly Commons. It has
been accepted for inclusion in Henry Ford Hospital Medical Journal by an authorized editor of Henry Ford Health
System Scholarly Commons.

New Purine Analogues for the Treatment of Chronic B-Cell
Malignancies

Thomas E. Gribbin, MD'

Adenosine deaminase (ADA). a purine salvage pathway enzyme, appears to play a key role in normal
lymphocyte growth, developmeni. and differentiation. Three new purine nucleoside analogues,
deoxycoformycin.ftudarahine, and 2-chlorodeo.xyadenosine, affect the normal function of the purine
salvage pathway by inhibiting ADA or by acting as analogs ofthe ADA substrates. These agents show
significant activity in the treatment of chronic B-cell leukemias and low-grade lymphomas. The
pharmacology, mechanism of action, and clinical usefulness ofthese agenls are discussed. (Henry
FtvdHosp MedJ 1991.39:98-102)

P

urine metabolism plays a central role in normal cell growth,
division, and differentiation. As a result, manipulation of
purine metabolic pathways represents an attractive target for
pharmacologic intervention in the growth of malignant cells.
Two of the earliest chemotherapeutic agents, 6-mercaptopurine
and 6-thioguanine, were synthesized by S-6 substitution of the
purines hypoxanthine and guanine (Fig 1). These agents were
among the first drugs to be effective in the treatment of acute
leukemias and have been in clinical use since the 1950s (I).
Interest in purine metabolism was renewed in the 1970s by
the discovery that congenital deficiency of the purine salvage
pathway enzyme adenosine deaminase (ADA) results in severe
combined immunodeficiency disease (2). This disorder is characterized by severe T lymphocyte dysfunction, variable B lymphocyte dysfunction, and frequent infections leading to death in
infancy. The discovery that absence of a purine salvage pathway
enzyme could cause lymphocyte dysfunction produced an effort
aimed at pharmacologic manipulation of this enzyme to treat
malignant lymphocyte disorders.
The deficient enzyme, ADA, catalyzes the irreversible deamination of adenosine to inosine and 2'-deoxyadenosine to 2'-deoxyinosine (Fig 2). Inosine and 2'-deoxyinosine are then either
recovered through purine salvage pathways or degraded to uric
acid and excreted (3). If ADA activity is congenitally or pharmacologically absent, its substrate deoxyadenosine (along with
deoxyadenosine's metabolite, deoxyATP) accumulates (4). A
number of compounds have been designed to simulate this deficiency, some by inhibiting ADA, while others are deoxyadenosine analogues designed to be resistant to ADA degradation and
to accuiTiulate in cells. Three new purine analogues currently in
use in clinical trials, 2'-deoxycoformycin, fludarabine, and 2'chlorodeoxyadenosine, target this pathway and appear to offer
therapeutic efficacy in chronic B-cell leukemias. The structure
of these agents is shown in Fig 3.

98

Henry Ford Hosp Med J—Vol 39, No 2, 1991

Deoxycoformycin
2'-Deoxycoformycin (dCF, pentostatin) is a purine analogue
isolated from cultures of Streptomyces antihioticus. It is a tight
binding inhibitor of ADA, with aK^ = 2.5 x 10~'-M. Interaction
of dCF with the enzyme produces essentially irreversible inhibition of ADA. The cytotoxic ef fects of dCF inhibition have been
reviewed elsewhere (5) but appear to be mediated through accumulation of the ADA substrate deoxyadenosine (dAdo) and its
triphosphate dATP. Numerous secondary effects are indirectly
related to this dAdo accumulation, including inhibition of ribonucleotide reductase, nicotinamide-adenine dinucleotide (NAD)
depletion, and inhibition of RNA synthesis. In addition, ATP
depletion and inhibition of S-adenosylhomocysteine hydrolase
have been reported. dCF can also be phosphorylated to its triphosphate and incorporated directly into DNA (6). Which of
the.se complex metabolic effects is responsible for the clinical
efficacy of dCF is unknown.
Levels of the target enzyme ADA are highest in immature
thymocytes, and initial clinical trials targeted T-cell leukemias.
When given in doses intended to produce total body inhibition
of ADA (up to 30 mg/m-/d), the drug did induce some dramatic
clinical responses. However, the incidence of serious renal, pulmonary, and central nervous system (CNS) toxicity was prohibitively high (7). Though toxicity limited the usefulness of this
drug in disorders in whicb leukemic cells showed high ADA acfivity, the drug unexpectedly was found to be highly active in
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Fig 1—Physiologic purines and their pharmacologic analogues.

hairy-cell leukemia where cellular target ADA levels are tenfold
to fiftyfold lower (8). Spiers et al (9) initially reported clinical
responses to much lower dose therapy. Subsequent phase II and
III trials have confirmed that dCF delivered in low doses has the
ability to produce clinical responses in more than 90% of patients with hairy-cell leukemia, with pathologic complete responses in most patients, including splenectomized. unsplenectomized, and a-intert'eron-resistant patients (10). dCF is cleared
by the kidneys, with more than 90%. excreted within two hours
in animal models (11). Poor renal function as well as poor performance status predicts patients at risk for renal or CNS toxicity (12). Worsening of neutropenia has been observed at initiation of therapy and may require hospitalization for neutropeniainduced sepsis. White blood cell counts typically begin to rise
by the .second or third dose and retum to normal during therapy.
Other toxicities include mild nau.sea, lethargy, and reactivation
of herpes zoster late in therapy.
The dramatic response of hairy-cell leukemia to dCF led to its
use in the closely related disorder of chronic lymphocytic leukemia (CLL). Unfortunately, dCF as a single agent shows only
moderate activity in this disease (13). Three phase 11 trials involving 93 patients demonstrated overall response rates (complete response [CR] plus partial response (PRj) under 30%
(Table). Thus, the role of dCF as a single agent in CLL appears
limited. Trials examining the efficacy of combinations of dCF/
fludarabine and dCF/chlorambucil/prednisone are currently in
progress under the auspices of the National Cancer Institute
(NCI) working group for CLL. Clinical activity has also been
reported in adult T-cell leukemia/lymphoma (14), cutaneous Tcell lymphoma (15), and in a single case of Waldenstrom's macroglobulinemia (16).
Belch et al (17) reported a series of 13 patients with advanced
refractory multiple myeloma treated with dCF at doses of 5 mg/
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Fig 2—Biochemical pathways invcdving adenosine deaminase.
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Fig 3—The structure of deo.xyadenosine and three nucleoside
analogues currently in clinical trials.
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Table
Clinical Trials of Purine Analogues in Chronic Lymphocytic Leukemia
Drug

Dose

Patients

CR (%)

PR (%)

CI (%)*

Authors (Reference)

dCF
dCF

4 mg/m-/d every other week
4 iTig/m-/d for 3 days.
repeated every other week
25-30 mg/m-/d for 5 days.
repeated every 28 days
20 mg/m-/d for 5 days.
repeated every 28 days
0,05-0,2 mg/kg/d for 7 days.
repeated every 28 days

25
39

4

12

60

:s

Orever etal (32)
Dillman et al (33)

6X

9

30

NR

Keating et al (20)

32

3

9

45

Orever et al (22)

18

0

22

33

Piro et al (27)

Fludarabine
Fludarabine
2-CDA

3

*CI (clinical improvement) is defined as a 50% reduction in circulating lymphocytes, or 50% increase in platelet count, or 50% reducuon in adenopathy or splenomegaly, or inerease in hemoglobin of 2 g/dL.
CR = complete response, PR = parlial response, NR = nol reporied.

m-/d for three days every two weeks. Responses were defined as
a 50% reduction in serum monoclonal protein. Six patients died
of overwheltning disease before a second course could be given,
while two of the remaining seven patients responded. Toxicity
at this elevated dose was significant, with every patient experiencing significant nausea and vomiting. Anorexia after therapy
occurred regularly, and three patients developed transient confusion. These disappointing results suggest only a limited role
for dCF in multiple myeloma.

Fludarabine
FHudarabine (9-j3-D-arabinofuranosyl-2-fiuoroadenine monophosphate, F-ara-A) is an adenosine analogue resistant to deamination by ADA, The drug is administered as the monophosphate nucleotide but is rapidly converted to the nucleoside
in blood. After carrier-mediated transport into the cell. F-ara-A
is metabolized to its active form, F-araATP. F-araATP appears
to produce cellular toxicity by inhibiting DNA synthesis (18).
The pharmacokinetics ofthis drug are being investigated, but
only 24% of the drug is excreted renally (19). Phase 1 trials established the standard dose as 25 to 30 mg/m-/d for five days
monthly, and phase II trials have documented efficacy in CLL.
The largest experience withfludarabinein CLL was reported
by Keating et al (20,21) who treated 68 previously treated and
19 previously untreated patients. CR was defined as a peripheral
lymphocytosis less than 4,000/pL, a bone marrow with less than
30% lymphocytes without lymphoid nodules, normal liver and
spleen size, and no lymph nodes larger than 0.5 cm. PR was defined as a 1 log reduction in circulating lymphocytes with a 50%
reduction in measurable disease in bone marrow, liver, spleen,
and nodes. Patients who met the criteria for CR but had residual
lymphoid nodules in their bone marrow were classified as having nodular PR. In the 75 previously treated patients, 42 (56%)
responded to therapy: 10 (13%) patients had CR, 15 (20%) had
nodular PR, and 17 (23%) had other PR. Responses were seen
within two to three cycles of therapy in 38 of the 42 responders.
Response was more common in patients with low stage disease;
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64% of the responders were in Rai stage 0 to 2, 58% in Rai stage
3, and 50% in Rai stage 4. Response was not strongly associated
with prior treatment, with a 50% response rate seen in patients
with three or more prior regimens.
Toxicity was mild and limited primarily to infection. Of 394
courses evaluable, 31 (8%) were complicated by pneumonia, 34
(7%) by minor infection, and 38 (11%) by fever of unknown origin. Neutropenia was also seen. Uncommon side effects were
naasea (3%) and stomatitis (1.5%). Alopecia did not occur. Activity ofthis agent was confirmed in a study of 32 patients by
Greverat al (22). Using slightly different response criteria, these
authors reported 1 (3%) CR, 3 (9%) PRs, and 15 (46%) patients
with clinical improvement (defined as 50% improvement in any
disease parameter), for an overall response rate of 59%. All patients had been pretreated. Responders lived longer than nonresponders. but these studies were not specifically designed to
permit evaluation of survival.
These encouraging results in heavily pretreated patients led
to an evaluation of fludarabine in untreated patients (20,21).
Of 19 such patients. 6 (32%) had CR. 7 (37%) had nodular PR,
and 1 (5%) had PR, for an overall response rate of 74%. Patients
with low stage disease were more likely to respond than those
with advanced disease. These studies suggest that fludarabine is
highly active as a single agent in this dfsease. Direct comparisons to other regimens used to treat CLL are not yet possible, but
this agent appears to be at least as active as chlorambucil and
prednisone, cytoxan/vincristine/prednisone, or the multidrug
regimen POACH (cyclophosphamide, vincristine, adriamycin,
prednisone, Ara-C) (20). Studies being pertormed by the NCI
working group will determine the safety and efficacy of three
combination regimens: dCF/fludarabine, fludarabine/prednisone, and fludarabine/chlorambucil/prednisone.
Two reports describedfludarabine'sactivity in other B-cell disorders. Leiby et al (23) described 26 patients with non-Hodgkin's lymphoma, all of whom had failed at least one regimen
(mean 2.6 regimens). There was 1 CR and 7 PRs among 25 evaluable patients for an overall response rate of 32%. In Redman et
al's (24) report of 19 patients with follicular small cleaved cell
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lymphoma, four patients achieved CR with an overall response
rate of 64%. High-grade lymphomas were unresponsive in that
study.

2-Chlorodeoxyadenosine
2-Chlorodeoxyadenosine (2-CDA) is a deoxyadenosine analogue substituted at the two position with chlorine (Fig I). This
substitution makes the compound comparatively resistant to
deamination by ADA. permitting intracellular accumulation. In
vitro, nanomolar concentrations of 2-CDA block cellular proliferation in a variety of lymphoid systems (25,26). Toxicity requires phosphorylation by deoxycytidine kinase and the compound is incorporated into DNA. DNA strand breaks can be detected within 4 hours, and cell death can be observed within 48
hours. While cell death may be mediated by NAD depletion, investigations are under way to determine the exact mechanism.
Though the.se mechanisms would seem most likely to affect proliferating cells, 2-CDA is akso selectively toxic to resting lymphocytes.
Initial clinical reports focused on 2-CDA's activity in CLL.
Piro et al (27) reported results of therapy in 18 heavily pretreated
patients with advanced disease. When 2-CDA was administered
at do.ses from 0.05 to 0.2 mg/kg/d for seven days, clinical responses were seen in a majority of patients. There were no CRs,
but four patients had PR and six had clinical improvement, for
an overall response rate of 55%. The only significant toxicity
was a fall in platelet counts in patients with extensive bone marrow involvement. Interestingly, three of four CLL patients with
hemolytic anemia resolved their hemolysis on therapy. 2-CDA
does appear to be active in this disease, but determination of the
true response rates will require study of larger patient populations.
CDA is very active in the treatment of hairy-cell leukemia. In
a recent report, 12 patients were treated with a 7-day infusion of
2-CDA (0.1 mg/kg/d) (28), Eleven patients entered complete remission, and one patient achieved partial remission. The median
duration of remission is 5.5 months (range 5 to 45 months), but
no patient has relapsed. Most remarkably, these results were
achieved with a single 7-day infusion. Declines in neutrophil
counts were seen in six patients who had neutropenia due to
their disea.se. Seven patients developed a fever during therapy
but no infections were documented. Nausea, alopecia, and hepatic or renal toxicity did not occur. However, as these results
represent a single institution's experience, further evaluation is
needed in a wider clinical setting. Still, in this limited report 2CDA appears to display the characteristics ofan ideal anticancer
agent: a single course of nontoxic therapy produced lasting clinical and pathologic responses in nearly 100% of patients.
Limited information is available on the use of 2-CDA in the
treatment of lymphomas (29). This same group reported results
in 16 patients with stage 111 to IV low-grade non-Hodgkin's
lymphoma. 2-CDA was administered by continuous infusion
(0.1 mg/kg/d) for seven days and repeated every 28 days. Of 15
evaluable patients, six had CR and two had PR, for an overall response rate of 53%>. Four of the 15 patients showed a decrease in
platelet counts during therapy, and two patients developed cath-
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eter-related infections. These significant respon.se rates in advanced refractory disease demonstrate a degree of efficacy in
low-grade lymphomas which merits further evaluation.
When 2-CDA was administered in varying doses (0.05 to
0.15 mg/kg/d for .seven days every 28 days) to patients with cutaneous T-cell lymphoma, two of 10 patients achieved CR and
four achieved PR. Transient pancytopenia was seen in two patients, and one heavily pretreated patient died of infection (30).
Though these reports suggest an imporiant therapeutic advance in the treatment of low-grade malignancies, it should be
remembered that these are single institution studies involving a
small number of patients. The optimal role for this agent in
chronic B-cell disorders and its effect on survival in these indolent diseases remains undefined at this time.

Future Directions
All three drugs. dCF.fludarabine,and 2-CDA, have demonstrated significant activity as single agents in these B-cell disorders. Clinical trials combining them with other agents are currentiy in progress. The mechanism of action by which the.se
drugs kill slowly-dividing cells is unclear, but that activity
makes them useful in low-grade lymphoid malignancies. Furthermore, an agent with .specific activity toward lymphocytes
has potential utility in lhe treatment of autoimmune di,sorders
and organ transplant rejection. Preliminary studies to assess the
activity of dCF in this .setting are under way (31-33). Taken together, these agents demonstrate that rational drug design and
development based on an understanding of the biochemistry of
purine metabolic pathways continues to produce new and effective tools for the treatment of malignancies.

Acknowledgments
This work was supported in part by the Leukemia Society of
America and by the Sheldon C. Glass Memorial Fund.

References
1, Burchenal JH, Murphy ML, Ellison RR, et al. Clinical evaluation of a new
antimetabolite, b-niercapiopurine. in the treatment of leukemia and allied diseases. Blood 1953:8:965-99,
2, Meuwissen HJ, Pollara B. Pickering RJ. Adenosine deaminase deficiency
in two patients with severely impaired cellular immunity. Lancet 1972:2:1067-9,
3, Van Der Weyden MB, Kelley WN, Human adenosine deaminase: Distribution and properties, J Biol Chem 1976:251:5448-56,
4, Ullman B, Gudas LJ, Cohen A, Martin DW Jr, Deoxyadenosine metabolism and cytotoxicity in cultured mou,se T lymphoma cells: A model for immunodeficiency disease. Cell 1978:14:365-75,
5, O'Dwyer PJ, Wagner B, Leyland-Jones B, Wittes RE. Cheson BD. Hoth
DF, 2'-Deoxycoformycin (pentostatin) for lymphoid malignancies: Rational development ofan active new drug, Ann Inlern Med 1988; 108:733-43,
6, Siaw MFE, Coleman MS, In vitro metabolism of deoxycoformycin in human T lymphoblastoid cells: Phosphorylation of deoxycoformycin and incorporation into cellular DNA, J Biol Chem 1984:259:9426-33,
7, Smyth JF, Prentice HG, Proctor S, Hoffbrand AV, Deoxycoformycin in the
treatment of leukemias and lymphomas, Ann NY Acad Sci 1985:451:123-8,
8, Johnston JB, Glazer Rl, Pugh L, Israels LG, The treatment of hairy-cell
leukaemia with 2'-deoxycof'ormycin, Br J Haemalol 1986;63:525-34,
9, Spiers AS, Parekh SJ, Bishop MB, Hairy-cell leukemia: Induction of complete remission with pentoslalin (2'-deoxycoformycin), J Clin Oncol 1984:2:
1336-42,

Purine Analoeues in Chronic Ix'ukemia—Gribbin 101

10, Ho AD, Thaler J. Mandelli F. et al. Response to pentostatin in hairy cell
leukemia refractory to interferon alpha, J Clin Oncol 1989:7; 1533-8,
11, McConnell WR. Suling WJ, Rice LS, Shannon WM, Hill DL, U,se of microbiologic and enzymatic assays in studies on the disposition of 2'-deoxycoformycin in the mou,se. Cancer Treat Rep 1978:62:1153-9,
12, Grever MR, Siaw MFE. Jacob WF. et al. The biochemical and clinical
consequences of 2'-deoxycoformycin in refractory lymphoproliferative malignancy. Blood 1981:57:406-17,
13, Cheson BD, Current approaches to the chemotherapy of B-cell chronic
lymphocytic leukemia; A review. Am J Hematol 1989:32:72-7,
14, ixtfters W, Campbell M, Gibbs WN, Cheson BD, 2'-Deoxycoformycin
therapy in adult T-cell leukemia/lymphoma. Cancer 1987:60:2605-8,
15, Grever MR, Chapman RA. Ratanalharathom V. Slease RB, An investigation of deoxycoformycin in advanced cutaneous T cell lyinphoma (Abstract),
43rd Annual Meeting ofthe American Federation for Clinical Research. Chicago, IL. Nov 6-8. 1985. Clin Res 1985:33:853A,
16, Riddell S, Johnston JB, Rayner HL, Israels LG, Respon,se of Waldenstrom's macroglobulinemia to pentostatin (2'-deoxycoformycin), Cancer Treat
Rep l985;70:.546-8,
17, Belch RA, Henderson JF, Brox LW, Treatment of multiple myeloma with
deoxycoformycin. Cancer Chemother Pharmacol 1985; 14:49-52,
18, Avramis VI, Pharmacodynamics and proposed mechanism of therapeutic
action and host toxicity of 9-beta-D-arabinol'uranosyl-2-fluoroadenine monophosphate (F-araAMP) in P388 murine leukemia-bearing mice. Cancer Invest
1989:7:129-37,
19, Hersh MR, Kuhn JG, Phillips JL. Clark G. Ludden TM. Von Hoff DD,
Pharmacokinetic study of fludarabine phosphate (NSC 312887), Cancer Chemother Pharmacol 1986; 17:277-80,
20, Keating MJ, Kantarjian H, Talpaz M, et al, Fludarabine; A new agent with
major activity against chronic lymphocytic leukemia. Blood 1989;74; 19-25,
21, Keating MJ, Kantarjian H, Talpaz M, Redman J, McCredie KB, Fludarabine therapy in chronic lymphocytic leukemia (CLL), Nouv Rev Fr Hematol
l988;30;461-6,
22, Grever MR, Kopecky KJ. Coltman CA. et al, Fludarabine monophosphate; A potentially useful agent in chronic lymphocytic leukemia, Nouv

102 Henry Ford Hosp Med J—Vol 39, No 2, 1991

Rev Fr Hematol l988;.30;4.57-9,
23, Leiby JM, Snider KM. Kraut EH, Metz EN. Malspeis L. Grever MR,
Pha.se II trial of 9-P-D-arabinofuranosyl-2-fIuoroadenine 5'-monophosphate in
non-Hodgkin's lymphoma: Prospective comparison of respon.se with deoxycytidine kinase activity. Cancer Res 1987:47:2719-22,
24, Redman J, Ctibanillas F. McLaughlin P. et al, Fludarabine phosphate: A
new agent with activity in low grade lymphoma (Abstract), 79th Annual Meeting
of the American Association for Cancer Research, New Orleans, LA. May 2528. 1988, Proc Am Assoc Cancer Res Annu Meet 1988:29:211,
25, Carson DA. Wasson DB. Taetle R. Yu A. Specific toxicity of 2-chlorodeoxyadenosine toward resting and proliferating human lymphocytes. Blood
1983:62:737-43,
26, Seto S. Can-era CJ. Kubota M. Wasson DB. Carson DA, Mechanism of deoxyadenosine and 2-chlorodeoxyadenosine toxicity to nondividing human lymphocytes, J Clin Invest 1985:75:377-83,
27, Piro LD, Carrera CJ, Beutler E. Carson DA, 2-Chlorodeoxyadenosine: An
effective new agent for the treatment of chronic lymphocytic leukemia. Blood
1988:72:1069-73,
28, Piro LD. Carrera CJ. Carson DA. Beutler E, Lasting remissions in hairycell leukemia induced by a single infusion of 2-chlorodeoxyadenosine, N Engl J
Med 1990:322:1117-21,
29, Kay AL. Carrera CJ. Carson DA. Beutler E. Piro LD, Phase II trial of 2'chlorodeoxyadenosine in low-grade lymphoma (Abstract), Blood 1989:74
(suppl):l2IA,
30, Saven A, Carrera CJ, Carson DA. Beutler E. Piro LD, 2-Chlorodeoxyadenosine; An active agent in the treatment of cutaneous T-cell lymphoma.
Blood 1987:69(suppl);239A,
31, Sheridan W, Gordon DS. Fullen AJ. Olson A. Vogler WR. Winton E, Preclinical studies on deoxycoformycin and deoxyadenosine as pharmacologic T
cell purging tools. Bone Marrow Transplant 1989:4:511-7,
32, Grever MR, Leiby JM. Kraut EH. et al. Low-dose deoxycoformycin in
lymphoid malignancy, J Clin Oncol 1985:3; 1196-201,
33, Dillman RO, Mick R, Mclntyre OR, Pentostatin in chronic lymphocytic
leukemia; A phase II trial of cancer and leukemia group B, J Clin Oncol 1989;
7:433-8.

Purine Analogues in Chronic Leukemia—Gribbin

