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BACKGROUND. T-cell lymphoid blastic phase (BP) transformation is rare in chronic

myelogenous leukemia (CML). 2-amino-9-b-D-arabinosyl-6-methoxy-9H-guanine

(GW506U78), a prodrug of arabinosylguanine (ara-G), is effective in T-cell leuke-

mias.

METHODS. The authors present a case of a 48-year-old male with Philadelphia

chromosome (Ph) positive CML and T-cell lymphoid BP after 17 months in the

chronic phase.

RESULTS. Plasma pharmacokinetic studies after an infusion of GW506U78 at a dose

of 40 mg/kg showed GW506U78 concentrations of 60 mM, and a peak ara-G

concentration of 260 mM in the plasma. Cellular ara-G triphosphate (ara-GTP)

concentration in the peripheral blood T-lymphoblasts was 80 mM at the end of

GW506U78 infusion and reached a maximum of 150 mM. The patient achieved a

complete response that lasted 13 months. Severe neurotoxicity related to

GW506U78 was observed.

CONCLUSIONS. GW506U78 showed antileukemic activity against Ph positive T-cell

BP CML. Neurotoxicity was dose-limiting in this patient. Treatment with

GW506U78 and modulation of ara-GTP concentrations are therapeutic strategies

that require further exploration in T-cell malignancies. Investigation of other

dosing schedules may limit neurotoxicity. Cancer 1999;85:58 – 64.

© 1999 American Cancer Society.
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Chronic myelogenous leukemia (CML) is a clonal myeloprolifera-
tive disorder resulting from the neoplastic transformation of the

primitive hemopoietic stem cell.1,2 It is characterized by 1) the het-
erogeneity of the disease among patients; 2) the presence of the
Philadelphia (Ph) chromosome; and 3) a biphasic or triphasic clinical
course with chronic, accelerated, and blastic phases.1,3 The blastic
phase (BP) morphology in CML resembles acute leukemia, and ap-
proximately 50% of the patients have a myeloid BP, 25% have a
lymphoid BP, and 25% have an undifferentiated BP.2 Patients with
CML BP have a poor prognosis, with a response rate of 30% to
combination chemotherapy and a median survival of 3– 6 months.3

However, patients with lymphoid BP have a significantly higher re-
sponse rate to chemotherapy (50 – 60%) and longer survival (median
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9 –12 months) than those with myeloid or undifferen-
tiated BP disease.3 The immunophenotype of the lym-
phoid BP almost always shows B-cell origin, and only
scattered cases of T-cell BP have been reported.4 –26

Recognition of the biologic heterogeneity of acute
lymphocytic leukemia (ALL) and the evidence that
phenotypic subtypes of ALL may respond differently
to specific therapies have raised the question of
whether therapy should be tailored according to spe-
cific ALL subtype to enhance response rates to che-
motherapy.27 The same logic could be applied in CML
lymphoid BP.

In 1983, Cohen et al.28 reported that the deox-
yguanosine derivative, 9-b-D-arabinofuranosylgua-
nine (ara-G), was relatively resistant to cleavage by
purine nucleoside phosphorylase (PNP) and was toxic
to T-lymphoblastoid cells. This effect presumably was
through the intracellular accumulation of the ara-G
triphosphate (ara-GTP), leading to an inhibition of
DNA synthesis and cell death.28 –30 Consistent with
this observation, greater accumulation of ara-GTP also
was evident in primary T-acute lymphoblastic leuke-
mia (T-ALL) cells compared with B-lymphoid or my-
eloid leukemia cells when incubated in vitro with ara-
G.31 This specific cytotoxicity has been reproduced in
cultures of leukemic T-cells lineages.31–33 The incon-
venience of ara-G is its water insolubility. With ad-
vanced enzyme technology, the synthesis of 2-amino-
9-b-D-arabinosyl-6-methoxy-9H-guanine (GW506U78)
became available. This compound is a prodrug of
ara-G that is ten times more soluble. It is rapidly
converted to ara-G in the blood through demethoxy-
lation by adenosine deaminase (ADA)34,35 and is now
being tested in Phase I clinical trials.36 Herein, we
report a patient with CML and T-cell lymphoid BP
who achieved a durable complete cytogenetic (CG)
response with GW506U78 and discuss the unique as-
pects of T-cell lymphoid BP, potential use of
GW506U78 in this subset, and future promising ther-
apeutic strategies with GW506U78.

METHODS
Plasma and Cellular Pharmacology
To determine the pharmacokinetics of GW506U78 and
ara-G in plasma and ara-GTP in the leukemic blasts,
blood samples were obtained prior to treatment, and
at 1 hour (end of infusion), 5 hours, 9 hours, and 24
hours after starting therapy. The plasma was removed
after centrifugation and stored at 270°C until high-
performance liquid chromatography (HPLC) analyses.
Plasma GW506U78 and ara-G were separated and
quantitated according to published procedures.37 Cell
pellets from these blood samples were diluted with
phosphate-buffered saline and mononuclear cells

were isolated by using Ficoll-Hypaque density-gradi-
ent, step-gradient centrifugation procedures.38 A
Coulter Channelyser (Hialeah, FL) was used to size
cells. After washing with phosphate-buffered saline,
cells were processed for nucleotide extraction. Normal
nucleotides and ara-GTP were extracted from cells by
standard procedures using HClO4. Ribonucleotides
and ara-GTP were separated by HPLC using an anion
exchange partisil column.39 The intracellular concen-
tration was calculated and expressed as the quantity of
nucleotides contained in the extract from a given
number of cells of a determined mean volume. This
calculation assumes that nucleotides are distributed
uniformly in total cell water. In general, the lower limit
of sensitivity of this assay is 25 pmol in an extract of
2 3 107 cells, corresponding to a cellular concentra-
tion of about 5 mM.

CASE REPORT
A 48-year-old male safety engineer who served in
Vietnam for 2 years was found to have a white blood
cell (WBC) count of 51 3 109/L in December, 1993,
upon hospitalization for colitis. The leukocytosis
was thought to be secondary to colitis, but, in Jan-
uary, 1994, his count decreased only to 25 3 109/L,
and abnormal cells were found in the peripheral
smear. In August, 1994, the WBC increased to 127 3
109/L with a differential of 49% neutrophils, 15%
bands, 2% basophils, 2% monocytes, 6% metamy-
elocytes, 15% myelocytes and with 2% blasts. Plate-
let counts (Plts) were 176 3 109/L and hemoglobin
(Hb) was 12.5 g/dL. The patient had splenomegaly 4
cm below the costal margin by physical examina-
tion. Bone marrow (BM) studies and CG analysis
were consistent with the diagnosis of Ph positive
CML in chronic phase. The patient was treated ini-
tially with hydrea then with interferon-alpha
(IFN-a) 10 MU subcutaneously daily and was re-
ferred to the M. D. Anderson Cancer Center in Jan-
uary, 1995, for a second opinion. The physical ex-
amination was unremarkable; neither lymph nodes
nor hepatosplenomegaly were found. The WBC
count was 3 3 109/L, neutrophils 61%, lymphocytes
32%, monocytes 6%, basophils 1%, Hb 10.7 g/dL,
and Plts 175 3 109/L. The BM aspiration showed
promyelocytes 3%, myelocytes 14%, metamyelo-
cytes 26%, neutrophils 28%, lymphocytes 5%,
monocytes 6%, and myelocytes 14%. The CG analy-
sis showed only 3 of 20 (15%) Ph positive met-
aphases. Because of the major response to IFN-a, no
matched siblings, age, and past medical history
(coronary heart disease, noninsulin dependent dia-
betes mellitus, and morbid obesity), the recommen-
dation was to continue with IFN-a. In January, 1996,
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the patient had loss of appetite and generalized
lymphadenopathy. The BM showed peroxidase neg-
ative 22% blasts, which were TdT positive. Immu-
nophenotyping of blasts showed CD19 43%, CD2
38%, and CD7 73%. The CG studies showed 65% Ph
positive metaphases. The WBC count was 3.9 3
109/L, Hb 11.5 g/dL, and Plts 225 3 109/L. A T-cell
lymphoid BP was diagnosed, and the patient was
entered on an ongoing Phase I trial of GW506U78.
The drug was infused intravenously over 1 hour at a
dose of 40 mg/kg daily for 5 consecutive days. On
Day 15 of course 1, the BM showed no blasts. The
lymphadenopathy disappeared, and CG studies
showed a normal karyotype in 20 metaphases ana-
lyzed. A complete CG response was confirmed (Ta-
ble 1). However, the patient became drowzy, and the
neurologic examination showed lateral nystagmus
with saccadic eye movements. Cerebrospinal fluid
(CSF) studies were negative, and the patient recov-
ered spontaneously. The neurotoxicity was thought
to be secondary to GW506U78 toxicity, and the dose
of course 2 was reduced to 75% of the previous dose.
Four days after the start of course 2, the patient
developed mild confusion, bilateral lower extremi-
ties paresthesias, and “cold feet.” The neurologic
examination was otherwise normal, and computer-
ized axial tomography (CT) and magnetic resonance
imaging (MRI) were negative. The electromyo-
graphic studies were consistent with polyneurop-

athy due to GW506U78 versus diabetes. The
GW506U78 dose was lowered to 20 mg/kg, i.v., daily
for 5 days in subsequent courses, but the patient
developed numbness of the lower extremities, de-
creased sensations below both knees, and blurred
vision. After course 8, he developed severe numb-
ness in both hands and feet up to the ankles, with
poor coordination in hands and feet, tingling, and
peripheral imbalance. The dose of GW506U78 was
lowered subsequently to 15 mg/kg/daily and then to
10 mg/kg/daily for 5 days (Table 1). The patient
completed a total of 13 courses of GW506U78, but,
because of severe neurologic toxicity characterized
by severe polyneuropathy and quadriparesis, the
treatment was discontinued.

The patient continued to be in major CG response
for 13 months. He developed central nervous system
(CNS) leukemic infiltration in March, 1997, which was
treated with intrathecal cytosinearabinoside (ara-C),
and recurrent bone marrow disease in June, 1997. He
was treated with cyclophosphamide, liposomal
daunorubicin, decadron, and granulocyte-colony
stimulating factor (G-CSF) and later with methotrex-
ate and ara-C without response. In August, 1997, he
developed a stroke that was confirmed by MRI (right
intracarotid occlusion). A CT scan of the head showed
a large right territory infarct with complete thrombosis
of the vessels and midline shift to the left. The condi-

TABLE 1
Clinical Course of the Patient

Course no.
(C506) Date

Dose
(mg/kg)

Hb
(g/dL)

PLTS
(3109/L)

WBC
(3109/L)

BM blasts
(%)

BM CG
(% of Ph) Comments

Pretreatment 1-30-96 0 11.5 225 3.9 22 65
Post-1 2-23-96 40 11.9 184 4.3 0 0 Drowsy 11, knees pain
Post-2 4-10-96 30 12.5 201 8.7 Mild confusion, “cold feet”,

EMG:polyneuropathy
Post-3 5-7-96 20 13 280 6.3 0.8 15 Extremity numbness and weakness,

blurred vision, paresthesias
Post-4 6-12-96 20 13 241 7.4
Post-5 7-16-96 20 13.5 260 6.9 Weakness
Post-6 7-31-96 20 10.2 145 4.9 0.4 10
Post-7 9-10-96 20 12.8 244 3.4
Post-8 10-23-96 15 12.9 221 6.5 1.3 10 Decreased coordination hands/feet,

paresthesias
Post-9 11-20-96 10 13.4 204 5.7 Numbness in hands/feet, imbalance,

weakness
Post-10 12-11-96 10 12.1 265 6.3 Neuropathy without changes
Post-11 1-7-97 10 13.6 327 7.7 Progressive weakness in lower extremities
Post-12 2-24-97 10 14.9 376 11.8 0.8 10
Post-13 3-26-97 10 11.9 253 5.7 0.4 35 Increased weakness, paresthesias, CSF (1)

consistent with leukemic relapse
Relapse 6-20-97 0 9.2 31 195 94.8 95 Started other chemotherapy

Post: posttreatment; Hb: hemoglobin; PLTS: platelets; WBC: white blood cells; BM: bone marrow; CG: cytogenetic; EMG: electromyography; CSF: cerebrospinal fluid.
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tion of the patient deteriorated and he expired in
August, 1997.

Plasma and Cellular Pharmacology
Studies were conducted after the first infusion of
GW506U78 at 40 mg/kg dose during course 1 of ther-
apy. The concentration of GW506U78 at the end of
infusion was 60 mM, which decreased rapidly and, in
5- and 9-hour samples was, below 1 mM, the detection
limit of the assay. The peak ara-G concentration of 260
mM in plasma was achieved at the end of infusion. In
contrast to GW506U78, ara-G was eliminated slowly
with a half-life of 3.9 hours. T lymphoblasts isolated
from peripheral blood during therapy were analyzed
for cellular accumulation of ara-GTP. The concentra-
tion of ara-GTP at the end of GW506U78 infusion was
80 mM (Fig. 1). There was, however, an additional
increase in the ara-GTP concentration, reaching a
maximum (150 mM) at 4 hours after the end of
GW506U78 infusion. Although limited data points are
available, the apparent elimination half life of ara-GTP
was 20 hours.

DISCUSSION
This case report illustrates several unique features in-
cluding: 1) the T-cell lymphoid BP transformation, 2)
its responsiveness to a new purine nucleoside analog
GW506U78, and 3) the neurotoxicities encountered
with therapy, which is discussed below. T-cell lym-
phoid blastic transformation first was described by
Hernandez in 19826 and others in anecdotal case re-

ports.4 – 6,7–26 Its rarity is perhaps due to the long-lived
normal T-memory cells, which persist after the Ph
abnormality develops, but its reporting in T-cell lym-
phocytes again confirms the primitive hemopoietic
clonal involvement in CML.1 The median time to de-
velopment of T-cell lymphoid BP in the 31 patients
reported in the literature is 24 months (range, 3– 48
months), which is significantly shorter than the time
to blastic transformation in myeloid or B-cell lym-
phoid BP (range, 36 –70 months). This suggest that
T-lymphoid involvement may be indicative of a more
aggressive stem cell disorder.

Table 2 summarizes the features of the 31 patients
reported so far.4 –26 Most of them were males (70%),
and the median age was 39.5 years (range 19 –72
years). Chemotherapy information was available in 23
patients (Table 2), and responses have been reported
in 17 of 25 (68%) patients. However, the data on the
nature of such responses (complete hematologic vs.
cytogenetic) are incomplete. Of the six patients with
response who had cytogenetic studies, two patients
showed disappearance of the Ph chromosome, one
patient had 5 Ph-positive metaphases out of 24 ana-
lyzed, and one patient had persistent Ph-positive met-
aphases in three follow-up studies done after a CR.
Our patient achieved a complete hematologic and cy-
togenetic response that lasted for 13 months; the dis-
ease relapsed in the CNS and BM 1 and 3 months,
respectively, after treatment with GW506U78 was dis-
continued (Table 1).

Interest in the naturally occurring purine nucleo-
sides and in GW506U78 as antileukemic agents has
gained ground since the report of Cohen et al.28 Ver-
hoef and Fridland32 compared the toxic effects of var-
ious arabinonucleosides with eight human T- and B-
lymphoblastoid lines and found that only ara-G
showed strong selectivity for T cells, with preferential
ara-GTP accumulation in T cells and cell death. Gan-
dhi et al.35 showed that the major metabolite of this
drug was ara-GTP, which has been demonstrated to be
the toxic metabolite to T-cell lymphoblasts in previous
studies.28 –33 The patient in the current report was
studied in a recently completed multicenter Phase I
clinical trial with GW506U78 in patients with diverse
hematological malignancies who received GW506U78
as a 1-hour infusion daily for 5 consecutive days.36

Pharmacokinetic investigations during this trial dem-
onstrated that the leukemia cells from patients who
achieved a complete or partial remission accumulated
a median 150 mM (range 100 –200 mM; n 5 6) peak
ara-GTP, which was threefold greater than that
achieved in the cells from ten nonresponders (Gandhi,
personal communication). Because responding pa-
tients were generally patients with T-ALL, these data

FIGURE 1. Cellular pharmacokinetics of arabinosylguanine triphosphate

(ara-GTP) after an infusion of 40 mg/kg dose of 2-amino-9-b-D-arabinosyl-6-

methoxy-9H-guanine (GW506U78). Blood samples obtained from a patient at

the indicated times were processed to isolate leukemic lymphoblasts, and

high-performance liquid chromatography assays separated and quantitated

ara-GTP and normal ribonucleotides as described under Methods. The rectan-

gular box on the abscissa indicates infusion of GW506U78.
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suggested that immature T-lymphoblasts acquired
higher concentrations of peak ara-GTP. The cellular
pharmacology data in our patient were consistent
with this observation: T lymphoblasts accumulated a
peak of 150 mM ara-GTP, which eliminated at a slow
rate (Fig. 1). Based on the Phase I study results, cellu-
lar pharmacology characteristics might predict for
therapeutic response. These data also strengthen the
initial observation in human leukemic cell lines29,32

and in primary leukemia cells in vitro31 that T cells
form greater ara-GTP concentrations than either B
cells or myeloid leukemic cells.

In an update of the clinical results of the Phase I
study,36 25 children and 45 adults with refractory he-
matologic malignancies were treated with GW506U78.
The maximum tolerated dose in adults was 40 mg/kg/
day, which was the starting dose used in the patient
discussed in the current study. The highest response

TABLE 2
Summary of the Features of Patients with T-Cell Lymphoid Blast Phase of Chronic Myelogeneous Leukemia

Author Yr No. A/G
DCP
(mo) Clinical features Treatment

Hematologic
response Status

Hernandez 1982 1 24 F 15 Fatigue, weight loss, splenomegaly PDN, VCR, rubidomycin No response Died
Palutke 1982 1 25 M 8 Inguinal lymph nodes VCR Response Alive
Griffin 1983 1 60 M 36 Malaise, splenomegaly ARA-C Response Chronic phase
Taniguchi 1984 1 23 M 15 Lymphadenopathy, hepato/splenomegaly BSF, RT No response Died
Jacobs 1984 2 21 M 36 Lymphadenopathy, splenomegaly ARA-C, VP-16, Thio, RT No response —

30 M 3 Upper respiratory infection, pallor PDNSL, VCR, ASP, DXR Responsea Alive

Herrman 1984 1 41 M 7
Lymphadenopathy, hepato/splenomegaly,

pleural effusion, ascitis PDN, VCR No response Died

Ohyashiki 1985 1 42 M 4
Subcutaneous nodules, dyspnea,

splenomegaly DNR, 6MP, cyclotidine, PDN No response Died
Soda 1985 1 33 F 41 Fever, splenomegaly VCR, PDNSL Initial response Died
Allouche 1985 2 44 F 36 NA DXR, VCR, ASP, PDN Responsea Relapsed and died

35 M 23 NA DXR, VCR, ASP, PDN Responsea Relapsed and died
Falini 1986 1 59 F 10 Lymphadenopathy NA NA NA
Bartram 1986 1 49 M 45 NA NA Responsea Chronic phase
Chan 1986 1 NA/NA NA NA NA NA NA

Fermand 1987 1 19 F 48
Coma, lymphadenopathy,

hepato/splenomegaly, mediastinal mass PDN, VCR, ASP, DXR, CFM No response Relapsed and died

Yasukawa 1987 1 55 M NA NA
DXR, vindesine, PDNSL, VCR,

ASP, CFM No response Relapsed and died

Gramatzki 1987 1 53 F 6
Splenomegaly, abdominal pain, weight loss,

fever NA NA NA
Kuriyama 1989 1 33 F 36 Pleural effusion NA No response Died

Hirose 1990 1 62 M 25 Lymphadenopathy, skin rash
Vindesine, PDNSL, 6MP, ARA-C,

VCR, DXR Initial response Died
Advani 1991 4 35 M 32 Lymphadenopathy, splenomegaly No treatment NA Died

40 M 27 Lymphadenopathy hepato/splenomegaly VCR, PDN Partial response Lost to follow-up
54 M 11 Lymphadenopathy VCR, steroids Response Died

32 M 27
Lymphadenopathy, hepato/splenomegaly,

left pleural effusion No treatment NA Died
Kawano 1991 1 39 F 24 NA NA NA Died

Matshushita 1993 1 26 M 12 Lymphadenopathy, pleural effusion
VP-16, VCR, PDNSL, ARA-C,

ASP, MTX Initial response Died

Konaka 1993 1 47 M NA
Lymphadenopathy, fever, cough,

mediastinal mass Low dose VP-16 Partial response Relapsed and died

Watanabe 1995 1 30 M NA Fever
VCR, PDNSL, ARA-C, CFM, TBI,

BMT Initial response Died
Dorfman 1997 3 72 M 36 Lymphadenopathy, fever CHOP 36, then CHOP 31 Initial response NA

35 F 29 Cervical lymphadenopathy
Mitoxantrone, ARA-C, VP-16,

ALLO-BMT Response Relapsed and died
68 M 11 Cough, splenomegaly DXR, VCR, PDN Initial response Died

MDACC 1998 1 48 M 17 Loss of appetite, lymphadenopathy. GW506U78 Responsea Died

DCP: duration of the chronic phase; A/G: age and gender; No.: number of patients; NA: data not available; M: male; F: female; MDACC: M.D. Anderson Cancer Center; PDN: prednisone; VCR: vincristine; ARA-C:

citosin arabynoside; BSF: busulfan; PDNSL: prednisolone; ASP: aspariginase; DXR: doxorrubicin; DNR: danorrubicin; CFM: cyclophosphamide; Thio: thiogianine; RT: radiotherapy; TBI: total body irradiation; CHOP:

CFM, VCR, DXR, and PDN; BMT: bone marrow transplantation: GW506U78: 2-amino-9-b-D-arabinosyl-6-methoxy-9H-guanine; VP-16: etoposide; ALLO-BMT: allogeneic bone marrow transplantation.
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rates were observed in patients with T-cell ALL with a
CR of 44% and a partial response (PR) in 32% (overall
response rate 72%). In patients with B-cell malignan-
cies, only PRs were observed (25%), and no responses
were seen in patients with nonlymphocytic leukemias.
The dose limiting toxicity was neurologic (encepha-
lopathy and severe muscle weakness).

In contrast to lack of hematologic toxicities, our
patient developed severe neurotoxicity, although he
had diabetes mellitus, which might have contributed
to the neuropathy. The relation between the initiation
of treatment with GW506U78 and neurotoxicity,
which reversed between courses, strongly indicated
the causal nature of the neurotoxicity and exposure to
GW506U78. This is also supported by the report of
Kurtzberg et al.36

A final interesting observation is the complete
suppression of not only the Ph positive T-cell lympho-
blasts but also of the myeloid Ph positive CML cells.
Although GW506U78 has not demonstrated significant
activity against myeloid diseases28,31 (e.g., acute my-
eloid leukemia), the dramatic result obtained with
GW506U78 in T-cell lymphoblastic disease is only the
first step toward broader exploration of GW506U78 in
combination and through enhancement of ara-GTP
uptake and retention by the leukemic blasts40 to im-
prove and broaden the efficacy and usefulness of
GW506U78-based therapy in hematologic carcino-
mas. Investigation of other dosing schedules is needed
and may limit neurotoxicity.
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