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Fludarabine and Cytosine Arabinoside in 
the Treatment of Refractory or Relapsed 
Acute Lymphocytic Leukemia 
Samer Suki, M.D., Hagop Kanfarjian, M.D., Varsha Gandhi, Ph.D., Elihu Estey, M.D., 
Susan O'Brien, M.D., Miloslav Beran, M.D., Ph.D., Mary Beth Rios, RN., 
William Plunkett, Ph.D., and Michael Keating, M.B., B.S. 

Background. The objectives of the study were to eval- 
uate the antileukemic efficacy and toxicity profiles of the 
combination of fludarabine and intermediate-dose cyto- 
sine arabinoside (ara-C) in refractory or relapsed adult 
acute lymphocytic leukemia (ALL). 

Patients and Methods. Thirty adults with refractory 
or relapsed ALL were treated. Their median age was 45 
years, 60% were in second or subsequent relapse, and 
37% had Philadelphia chromosome-positive disease. 
Treatment consisted of ara-C 1 g/m' during a period of 2 
hours daily for 6 days, and fludarabine 30 mg/m2 during 
a period of 30 minutes daily for 5 days on days 2-6. Flu- 
darabine was given 4 hours before ara-C to increase the 
rate of ara-C 5'-triphosphate (ara-CTP) accumulation in 
leukemic cells. Courses were repeated every 3 weeks or 
longer, depending on patient response and side effects. 

Results. Nine (30%) patients achieved a complete re- 
mission (CR), 8 (27%) died during remission induction, 
and 13 (43%) had resistant disease. The median CR dura- 
tion was 22 weeks, and the median survival was 12 
weeks for all patients, and 34 weeks for those who had a 
response to treatment. Except for low platelet counts, 
which predicted shorter survival time, no other prognos- 
tic factors were demonstrated, considering the small 
number of patients treated. Myelosuppression-associated 
febrile episodes were the most common side effects, oc- 
curring in 28 (93%) patients. Neurotoxicity was noted in 
two (7%) patients. 

Conclusions. Fludarabine and ara-C are an active 
and relatively safe antileukemic combination in refrac- 
tory or relapsed ALL. Future studies will incorporate 
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The prognosis in acute lymphocytic leukemia (ALL) has 
improved during the last two decades. This is attributed 
to advances in understanding the disease biology, im- 
provements in remission induction and maintenance 
programs, and better supportive ~ a r e . l - ~  With similar 
treatment strategies, children have higher remission 
and disease-free survival rates than do 
Currently, intensive induction and maintenance chemo- 
therapy programs are associated with complete remis- 
sion (CR) rates of 60435% and cure rates of 25-35% in 
adults with Prognostic variables that predict 
patient outcome include age, degree of leukocytosis, 
and leukemia karyotype and immunophenotype.7-9~'1 
Long-term remissions are reported in 60% of adults 
with standard-risk ALL, and in 25% of those with poor- 
risk Identification of new agents or schedules 
with major activity may improve patient progn~sis. '~-'~ 

Cytosine arabinoside (ara-C), a pyrimidine ana- 
logue, is active against acute leukemia and other hema- 
tologic malignancies, such as lymphoma and myeloma. 
In refractory ALL, response rates of 20-65% have been 
reported.16-19 Antitumor activity requires intracellular 
phosphorylation of ara-C into the active triphosphate 
form, ara-CTP, which inhibits DNA synthesis after in- 
corporation into DNA." Ara-CTP retention by leuke- 
mic cells in vitro has been correlated with remission 
duration21,22 and in vivo with CR Ara-C at 
intermediate doses of 0.5-1 g/m2 during a 2-hour pe- 
riod results in steady-state ara-C concentrations greater 
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than 10 pM, which saturate the ability of human leuke- 
mic cells to accumulate ara-CTP to produce maximum 
antitumor a~tivity.’~ 

Fludarabine (2-fluoro-ara-AMP) is a deoxyadeno- 
sine analogue. Like ara-C, fludarabine is phorphory- 
lated to a triphosphate form (F-ara-ATP) at a rate de- 
pendent on the activity of the enzyme deoxycytidine 
kinase. Antileukemic activity of F-ara-ATP is, by its ac- 
tion, a substrate for DNA synthesis. F-ara-ATP also in- 
hibits DNA polymerases and ribonucleotide reductase. 
Fludarabine initially was investigated in acute leukemia 
at doses of 100-150 mg/m2 daily X 5, which produced 
severe neurotoxicity.26 After establishing its acceptable 
tolerance and activity at lower doses of 25-30 mg/m2 
daily X 5 in chronic lymphocytic leukemia (CLL),” in- 
terest in its use in acute leukemia was reactivated. Evi- 
dence for the synergistic activity of fludarabine and 
ara-C is based on (1) the intrinsic antileukemic activity 
of each individually; (2) the increased ability of leuke- 
mic K562 cells and freshly isolated lymphocytes from 
patients with CLL to accumulate more ara-CTP after 
preincubation with fludarabine, possibly by increasing 
the activity of deoxycytidine k i n a ~ e ~ * * ~ ~ ;  and (3) the re- 
sults of the combination in patients with CLL30 and 
with acute myelogenous leukemia (AML)31 showing 
higher accumulation rates of ara-CTP and greater area 
under the curve of ara-CTP in leukemic cells. 

This rationale was the basis for designing the 
current study using the sequential combination of flu- 
darabine and ara-C in patients with refractory or re- 
lapsed ALL. 

Patients and Methods 

Study Population 

Thirty adult patients with refractory or relapsed ALL 
were entered in the study after informed consent was 
obtained according to institutional guidelines. Criteria 
for entry were the presence of 30% or more blasts in the 
bone marrow and normal hepatic and renal functions. 

Pretreatment evaluation included the following: 
history and physical examination; documentation of 
extent of disease; complete blood counts, platelet 
counts, and differential; SMA-12 with liver and renal 
function studies; bone marrow aspiration and biopsy 
for morphologic evaluation; and histochemical and en- 
zymatic stains, including myeloperoxidase, period- 
ic acid-Schiff , terminal doexynucleotidyl-transferase, 
and cytogenetic analysis. The diagnosis of ALL required 
confirma tion by morphologic, cytochemical, and stain- 
ing studies, i.e., positive terminal doexynucleotidyl- 
transferase or periodic acid-Schiff block with negative 
myeloid and monocytic stains. Immunophenotyping 

and electron microscopic studies were used for confir- 
matory evidence of the diagnosis. 

Therapy 

Induction chemotherapy consisted of ara-C 1 g/m2 in- 
travenously during a 2-hour period every 24 hours for 
six doses, and fludarabine 30 mg/m2 intravenously 
during a 30-minute period for 5 days on days 2-6. Flu- 
darabine was given 4 hours before ara-C. The first ara- 
C dose was given, alone as part of the pharmacologic 
studies to compare ara-CTP pharmacokinetics with and 
without exposure to fludarabine. The ara-C dose of 1 
g/m2 given during a 2-hour period has been shown to 
result in the accumulation of intracellular ara-CTP 
equal to the accumulation with a 3 g/m2 dose.25 The 
4-hour interval between fludarabine and ara-C doses 
was chosen to permit maximal levels of F-ara-ATP.29 
Patients who had persistent disease received a second 
course of therapy 3 weeks later at the same dose 
schedule. 

Patients experiencing CR received maintenance 
courses of fludarabine and ara-C for 4 days (four doses 
of each) every month for two to three courses, depend- 
ing on patient tolerance and toxicity, followed by main- 
tenance with 6 mercaptopurine 50 mg orally three times 
daily and methotrexate 20 mg/m2 weekly. 

Response Criteria 

CR was defined as 5% or fewer blasts in a normocellu- 
lar or hypercellular bone marrow with normal periph- 
eral and differential counts, including a granulocyte 
count greater than 103/pl and a platelet count greater 
than 100 X 103/pL9 Designation as partial remission 
was based on similar criteria, except for presence of 
6-25% marrow blasts. Patients who did not respond to 
induction therapy were considered to have treatment 
failure and were categorized as follows: (1) early death, 
if they died within 2 weeks after the start of therapy; (2) 
death during induction, if they died while receiving in- 
duction; and (3) resistant, if they survived induction 
therapy but experienced recurrence of leukemia. 

Clinical Pharmacology 

Blood samples were obtained at 0.5, 1, 1.5,2,3,4,6,8, 
and 10 hours after the first ara-C infusion, at 20 hours 
(just before fludarabine infusion), and at 20.5, 22, and 
24 hours to determine ara-CTP and F-ara-ATP pharma- 
cokinetics. On day 2, blood samples were drawn again 
at 24, 24.5, 25, 25.5, 26, 27,28,30,32, and 34 hours to 
determine ara-CTP pharmacokinetics after the fludara- 
bine infusion. Plasma was removed and mononuclear 
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Table 1. Patient Characteristics 

Characteristic No. of patients (%o) 

Age 2 40 yr 17 (57) 
Performance status 3-4 (Zubrod) 
Hemoglobin I 10 g/dl 
Leukocyte count > 20 X 103/pI 

Peripheral blasts > 30% 

Lactic dehydrogenase 600 U/1 

2 (7) 
11 (37) 
5 (17) 

15 (50) 
9 (30) 

18 (60) 
20 (67) 
22 (73) 
14 (47) 

First 12 (40) 

Platelet count < 50 X 103/gl 

Marrow blasts > 50% 
Albumin < 3.5 g% 

Duration of first remission 5 6 months 
Salvage status 

Second 10 (33) 
Third or more 8 (27) 

Philadelphia chromosome-positive 11 (37) 
Diploid 8 (27) 
Hyperdiploid 1(3)  
Insufficient metaphases 6 (20) 

Karyotype 

Other 4 113) 

cells were isolated by Ficoll-Hypaque density gradient 
centrifugation as described previ~usly.~' Ara-CTP and 
F-ara-ATP along with normal nucleotides were ex- 
tracted, separated, and quantitated by high-pressure liq- 
uid ~hromatography.~' 

Statistical Considerations 

Survival after salvage therapy was measured from the 
date of start of treatment and CR duration from the date 
of remission until documented relapse. Survival and 
remission duration curves were plotted by the Kaplan- 
Meier method.32 Comparison of characteristics among 
subsets of patients was done using the chi-square or 
Wilcoxon tests. 

Results 

The characteristics of 30 patients entered in the study 
are detailed in Table 1. The median age was 45 years 
(range, 17-72 years); 19 (63%) were male patients. 
Fourteen (47%) patients had a first CR of less than 6 
months, and 18 (60%) patients were receiving fludara- 
bine and ara-C as their second or subsequent salvage 
program. 

Response and Survival 

Overall, 9 (30%) patients experienced CR, 8 (27%) died 
during remission induction, and 13 (43%) had resistant 
disease. Of the patients who died during remission in- 

duction, none had early death, six died of neutropenia- 
related infections but without evidence of leukemia, 
and two died with persistent leukemia. None of the 
eight deaths during remission induction was related to 
drug toxicity. 

Patient response and survival by pretreatment 
characteristics are detailed in Table 2. There was little 
evidence of significant differences in response rates and 
survival according to pretreatment characteristics, con- 
sidering the small number of patients studied. Longer 
survival was observed in patients with higher platelet 
counts (P = 0.04). 

The median remission duration for responding pa- 
tients was 22 weeks (Fig. l). The median survival was 
12 weeks for all of the patients (Fig. 1) and 34 weeks for 
patients experiencing treatment response. 

Toxicity 

Toxic effects associated with the combination treatment 
of fludarabine and intermediate-dose ara-C chemother- 
apy are detailed in Table 3. Significant nonhematologic 
toxicities were gastrointestinal and neurologic. Neuro- 
toxicity was observed in twopatients. One patient expe- 
rienced severe motor and sensory paresis involving the 
lower extremities and associated with severe leg aches 
starting on day 35 of his first course. The neuromotor 
paresis had improved little by the time he died 14 weeks 
later. The second patient experienced peripheral neuro- 
toxicity consisting of numbness, tingling sensations, 
and pain, moderate in nature, also involving the lower 
extremities below the knees. This started on day 34 of 
his first course of therapy and necessitated discontinua- 
tion of the treatment. The neurotoxicity improved grad- 
ually, becoming mild in nature by the time he died 8 
months later. 

Complications of myelosuppression requiring hos- 
pital admittance occurred in 28 (93%) patients. Ten pa- 
tients had fever of unknown origin. Seven patients had 
documented bacterial infections, two with concomitant 
pneumonia. Fungal infection was documented in three 
patients, all with Candida species. Eight patients had 
pneumonia, three with a diffuse intermediate pattern. 
Multiple febrile episodes were noted in five patients. 

Clinical Pharmacology 

Two patients were studied for pharmacokinetic end- 
points. Leukemic lymphocytes from the first patient ac- 
cumulated 12 pM peak F-ara-ATP at 4 hours after 
fludarabine infusion. The rate of ara-CTP accumulation 
was 91 pM/hour during the first dose of ara-C (on day 
l), whereas ara-CTP accumulation was 138 pM/hour 
after fludarabine infusion (on day 2), a 1.5-fold increase 
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Table 2. ResDonse and Survival Time bv Pretreatment Characteristics in 30 Patients 
CR/Total P Median survival 

Characteristic (%) value (wk) P value 

Total 
Age (yr) 

5 40 
> 40 

Performance status 
(Zubrod) 

0-2 
3-4 

I 1 0  
> 10 

I 5  
1 5  

< 50 
2 50 

I 30 
> 30 

I 50 
> 50 

5 3.5 
> 3.5 

I 600 
600 

Hemoglobin (g/dl) 

Leukocyte count (X 103/pl) 

Platelet count (X 1 0 ~ / ~ 1 )  

Peripheral blast percent 

Marrow blast (YO) 

Albumin (g/dl) 

Lactic dehydrogenase (U/1) 

Duration of first CR (mo) 
1 6  
> 6  

First 
Second 
2 Third 

Karyotype 
Philadelphia positive 
Diploid 
Hyperdiploid 
Insufficient metaphases 
Other 

Salvage status 

12 

10 
12 

14 
6 

10 
12 

12 
10 

8 
19 

10 
14 

15 
10 

10 
15 

10 
12 

15 
8 

8 
10 
15 

15 
7 

19 
10 
8 

0.38 

0.09 

0.83 

0.37 

0.04 

0.83 

0.65 

0.60 

0.36 

0.25 

0.86 

0.82 

9/30 (30) 

6/13 (46) 
3/17 (18) 

9/28 (32) 

0/2 (0) 

4/11 (36) 
5/19 (26) 

5/13 (38) 
4/17 (24) 

2/15 (13) 
7/15 (47) 

6/21 (29) 
3/9 (33) 

4/12 (33) 
5/18 (28) 

8/20 (40) 
1/10 (10) 

3/8 (38) 
6/22 (27) 

5/14 (36) 
4/16 (25) 

3/12 (25) 
3/10 (30) 
3/8 (38) 

4/11 (36) 
3/8 (38) 
1/1 (100) 
1/6 (17) 

0.76 

0.34 

0.13 

0.53 

0.42 

0.43 

0.65 

0.16 

0.28 

0.86 

0.62 

0.29 

0/4 (0) 
CR complete response. 

in the ara-CTP accumulation after fludarabine infusion. 
In the second patient, the rates of ara-CTP accumula- 
tion in leukemic cells remained similar before (122 pM/ 
hour, day 1)  and after fludarabine (114 pM/hour, day 
2) infusions. The peak level of F-ara-ATP at the time of 
second ara-C infusion was only 6 pM. The plasma ara- 
C concentrations, the levels of its deamination product 
arabinosyluracil, and the rate of ara-CTP elimination 
from the leukemic lymphocytes were not affected by 

fludarabine infusion. Thus, the increase in the rate of 
ara-CTP accumulation was the factor responsible for 
the augmentation of ara-CTP area under the curve in 
these cells. 

Discussion 

The combination of fludarabine and ara-C has demon- 
strated encouraging antileukemic efficacy in patients 
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with AML in salvage33 and in front-line induction che- 
m ~ t h e r a p y . ~ ~  In adult ALL, combination regimens in- 
cluding high-dose ara-C and asparaginase, mitoxan- 
trone, or a m ~ a c r i n e ~ ~ - ~ ~  generally have shown higher 
response rates than have those with high-dose ara-C 
alone. 37 

This is the first study combining fludarabine and 
intermediate-dose ara-C in the treatment of refractory 
ALL. Overall, 9 of 30 (30%) patients experienced CR. 
The induction mortality of 27% was significant and 
may be reduced by the incorporation of growth factors 
as adjunctive supportive therapy.40 Because of the small 
number of patients treated, and the lack of obvious 
prognostic factors, it is difficult to ascertain whether the 
addition of fludarabine had any significant antileuke- 
mic contribution. This also is complicated by the ab- 
sence of any studies using single-agent fludarabine at 
the current dose schedule and the confinement of the 
antileukemic efficacy of single-agent fludarabine to 
dose-schedules producing prohibitive neurotoxicity 
(100-150 mg/m2 daily X 5).26 Thus, although the 
current study has established the safety and overall ef- 
ficacy of the combination regimen in refractory adult 
ALL, additional studies are needed to determine the 
individual contribution of fludarabine to the overall an- 
tileukemic activity. If established, the introduction of 
the combination into front-line therapy as part of alter- 
nating non-cross-resistant regimens may improve the 
overall cure fraction in adult ALL, especially among pa- 
tients with poor prognosis. 

The combination of fludarabine and intermediate- 
dose ara-C was well tolerated. Nonhematologic toxici- 
ties were acceptable. However, myelosuppression-as- 
sociated problems were significant, with febrile epi- 
sodes observed in 93% of patients. This incidence is 

0 
0 7 14 21 20 33 42 49 56 63 70 

Ourailon (Week81 

Figure 1. Remission duration and survival of patients with refractory 
ALL treated with fludarabine and intermediate-dose cytosine 
arabinoside. 

Table 3. Side Effects of the Combination Treatment 
~~ 

Toxicity 

Nausea and vomiting 
Moderate to severe diarrhea 
Severe mucositis 
Neurotoxicity 
Pericarditis 
Conjunctivitis 
Febrile episodes 

Fever of unknown origin 
Bacterial 
Fungal 
Pneumonia 

similar to that seen in previous intensive combination 
regimens in ALL ~ a l v a g e ~ ~ - ~ ~  and may be ameliorated 
by the addition of growth factors, which would allow a 
safer use of the regimen in front-line ALL maintenance 
therapy. Despite the potential neurotoxicity of each 
agent, the neurotoxicity of the combination was accept- 
able. Interstitial pneumonitis, noted in three patients, 
was attributed to infections, rather than fludarabine- 
associated pulmonary toxicity. 

Because fludarabine infusion before ara-C therapy 
demonstrated potentiation of the ara-CTP area under 
the curve in circulating leukemia cells of patients with 
CLL30 and AML,31 the pharmacokinetic objective in the 
current study was to determine if similar augmentation 
could be achieved in patients with ALL. Pharmacoki- 
netic data from one patient indicated that similar levels 
of augmentation for the rate of ara-CTP accumulation 
could be achieved in lymphoblasts, as observed in pa- 
tients with CLL (1.3-fold3') and AML (1.8-fold3'). The 
levels of F-ara-ATP at the time of ara-C infusion were 
12 pM in our patient, the median value being 16 PM in 
patients with CLL (n = 8) and 20 pM in patients with 
AML (n = 10). The second patient with ALL, whose 
cells accumulated only a 6-pM peak F-ara-ATP level, 
did not augment the rate of ara-CTP accumulation. 
These data may suggest that more than 10 pM of intra- 
cellular F-ara- ATP are needed for activation of anabo- 
lism of ara-C, but the number of patients analyzed was 
too small to make any definite conclusions. 
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