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Abstract Indolent non-follicular non-Hodgkin lymphomas
(INFL) are a heterogenous subset whose treatment has been
poorly investigated. In this context we have evaluated the
efficacy and safety of combined fludarabine and cyclophos-
phamide (FC) upfront therapy. Sixty-three patients with
advanced INFL were enrolled in the study. Therapy consisted
in FC combination (25 and 250 mg/m2, i.v., respectively, for
three consecutive days) every 28 days for six courses. After
histological review, 61 patients (36 men, median age 64 years,
range 40–70 years) were evaluated (22 small lymphocytic, 11
lymphoplasmacytic, 25 marginal zone and 3 CD5-negative
non-Hodgkin lymphomas not otherwise specified). Further
two patients were excluded for lack of essential data; six
patients were withdrawn before the third cycle because of

WHO grade III and IV toxicity. At the final evaluation, the
overall response rate was 83% with 40.7% of complete
remission. Intention-to-treat analysis showed that at the
median follow-up of 36 months, overall survival,
progression-free survival and failure-free survival were
respectively 78%, 60% and 46%; remission duration among
the 49 patients achieving complete remission/partial remission
at the end of treatment was 65% (44–78) without significant
differences between the main histotypes. The most frequent
grade III and IV toxic events were haematological (neutro-
paenia 34%, anaemia 18% and thrombocytopaenia 11%) and
infectious (10%). FC is effective for advanced untreated
INFL. Early deaths and haematological toxicity suggest
careful patient selection and monitoring.

A complete list of the GISL centres referring patients for the study is
given in a footnote at the end of this article.
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Introduction

Indolent non-follicular non-Hodgkin B cell lymphomas
(INFL) are clonal mature B cell proliferations that often
present in leukaemic phase and include chronic lympho-
cytic leukaemia/small lymphocytic lymphomas (CLL/
SLLs), lymphoplasmacytic lymphomas (LPCs) and mar-
ginal zone lymphomas (MZLs), a heterogeneous group
with different presenting features, behaviour patterns and
clinical outcomes [1]. As their clinicopathological presen-
tation frequently makes a histological diagnosis difficult,
this subset of lymphomas has been relatively less investi-
gated, and only retrospective studies or prospective trials
involving a limited series of patients have so far been
published [2–9].

In 2003, the Italian Lymphoma Study Group (GISL)
published the results of the LL01 trial [10] in which
treatment-naive patients with advanced INFL were rando-
mised to receive chlorambucil or chlorambucil plus
epirubicin. The conclusion of this study underlined the fact
that the addition of an anthracycline does not improve the
overall response rate (ORR) and the survival in this subset
of non-Hodgkin lymphomas (NHL). Since then, the purine
analogue fludarabine has been considered one of the most
active agents for the treatment of CLL and indolent NHLs;
a number of studies have shown that it is superior to
chlorambucil- [11] and anthracycline-containing regimens
[12, 13] in terms of the number of complete remissions
(CRs) and progression-free survival (PFS) in the first- and
second-line treatment of CLL. The efficacy of fludarabine
may be increased by combining it with other agents, and it
has been observed that it has synergistic biochemical
modulating in vitro effects on cyclophosphamide [14].
The combination of fludarabine and cyclophosphamide is
the most widely investigated [15].

On the basis of these considerations and its previous
experience with LL01, GISL started its LL02 multicentre
prospective phase 2 trial in 2002 with the aim of evaluating
the efficacy and safety of combined fludarabine and
cyclophosphamide (FC) in the first-line therapy of INFL
patients and verifying long-term outcomes.

Materials and methods

Patients

This multicentre, single-arm, phase II open-label GISL trial
was conducted in 24 Italian haematology departments

between July 2002 and September 2006 and enrolled 63
adult patients with documented advanced INFL. The
inclusion criteria were a histological (pathological tissue
and/or bone marrow) diagnosis of SLL, LPC or MZL made
on the basis of the findings of a nodal or extranodal non-
gastric biopsy in accordance with WHO criteria [1]; a
diagnosis of SLL or LPC/Waldenstrom's macroglobulinae-
mia could be based on a bone marrow biopsy by testing
immunoreactivity for CD20, CD5, CD23, CD10 and cyclin
D1 only if no pathological tissue specimen was available.
All of the histological samples were centrally reviewed by a
pool of pathologists.

The other inclusion criteria were an age of 18–70 years; no
previous lymphoma therapy; an Eastern Cooperative Oncology
Group (ECOG) performance status of ≤3; Ann Arbor stage II
(with more than three involved sites), III or IV; the presence of
active disease defined by at least one of systemic B symptoms,
bulky disease (maximum diameter >5 cm) or a doubling of the
maximum diameter in at least three measurable sites
in <12 months; haemoglobin (Hb) levels of <10 g/dL (due to
lymphoma) and/or platelets (PLT) <100,000/μL (due to
lymphoma); diffuse bone marrow infiltrate; or a lymphocyte
doubling time of <12 months in leukaemic cases.

The exclusion criteria were: typical CLL, Richter's
syndrome, mantle cell lymphoma (MCL), MALT gastric
lymphoma, prolymphocytic leukaemia, hairy cell leukae-
mia, leukaemic CD5+ lymphoproliferative disease; previous
lymphoma treatment; pregnancy or lactation; a history of
other malignancies (except for adequately treated carcino-
ma in situ) in the 3 months preceding study entry; heart
failure (NYHA grades III and IV) or myocardial infarction
in the 6 months preceding study entry; HIV seropositivity,
active HBV and/or HCV infection; central nervous system
(CNS) involvement of the lymphoma or epilepsy, CNS
diseases and major psychiatric diseases; autoimmune
cytopaenia (haemolytic anaemia, thrombocytopaenia) and
Coombs' test positivity; creatinine more than twice the
upper normal limit (UNL, >2.0 mg/dL, 177 mmol/L,
unrelated to lymphoma), conjugated bilirubin more than
twice the UNL (>2 mg/dL, 35 mmol/L), alkaline phospha-
tase and transaminases >2.5 times the UNL.

The protocol was approved by the GISL central
Institutional Review Board and shared by all of the
participating centres. All of the patients were required to
sign an informed consent form before being enrolled in
accordance with the Declaration of Helsinki. Accrual began
July 2002, and so the study is not registered in any clinical
trial registry. The patients were registered using a dedicated
secure Web site, and the electronic case report forms were
reviewed for accuracy by the local investigators.

Patients underwent pretreatment screening with baseline
laboratory and imaging studies (CT or MRI), a pathological
tissue biopsy if possible, bone marrow aspirate and biopsy.
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Peripheral blood flow cytometry was used in leukaemic
cases (lymphocytes≥5,000/μL). The follow-up evaluations
were performed at months+3 and +6, and then six-monthly
for 3 years, and annually thereafter. The interim analysis of
the first ten enrolled patients (made in November 2003)
showed that two patients aged more than 65 years with
splenic MZL died during the initial phases of the treatment:
the first due to post-splenectomy sepsis and the second due
to post-aplasia pulmonary aspergillosis. Therefore, we
introduced systematically the use of granulocyte colony-
stimulating factor and antibiotic prophylaxis with levoflox-
acin in patients aged more than 65 years old.

Study design

The purpose of the study was to evaluate the efficacy and
safety of FC in patients with advanced and untreated INFL
aged <70 years. The primary end points were response rate
and PFS. The secondary end points were the safety and
tolerability of FC, overall survival (OS), and the suitability
and efficacy of the inclusion criteria in distinguishing
different clinical entities.

Treatment schedule

Patients fulfilling the inclusion criteria were intravenous-
ly treated with fludarabine 25 mg/m2 plus cyclophospha-
mide 250 mg/m2 daily for 3 days, repeated every 28 days
for six courses. An intermediate evaluation was performed
after three cycles: the patients in partial remission (PR) or
CR received a further three FC courses, followed by
radiation therapy for bulky disease if necessary; the
patients with stable disease (SD) or progressive disease
(PD) within a year of induction therapy were administered
the salvage therapy in use in each centre. From day+7 of
the first cycle to day+60 after the last dose of chemother-
apy or the normalisation of the CD4+ leucocyte count, the
patients received oral thrimethoprim–sulphametoxazole
twice a day twice weekly as prophylaxis against Pneumo-
cystis jiroveci and fluconazole 200 mg daily as antimy-
cotic prophylaxis. The use of therapeutic antibiotics, anti-
emetics, blood product transfusions and colony growth
factor support was at the discretion of the attending
physician. Final radiotherapy was permitted. The labora-
tory, toxicity and treatment delivery data entered in the
GISL trial office data processing system are available at
the Web site http://www.trialmanager.eu.

Response criteria

The patients were followed up until lymphoma progression or
death. Modified Cheson response criteria were used [16], and
a response had to be confirmed at two consecutive medical

examinations separated by a 3-month interval. A CR was
defined as the absence of constitutional symptoms or
lymphoadenopathy, splenomegaly and hepatomegaly at
physical and CT examination, a normal peripheral blood
count and bone marrow biopsy findings, and the disappear-
ance of a measurable M band. A PR was defined as a
reduction of at least 50% in the size of measurable lesions, as
measured by the sum of the products of the perpendicular
diameters of the largest lesions, without the appearance of
any new disease manifestations, and a reduction of at least
50% in the serum M band and the pretreatment number of
peripheral blood lymphocytes for leukaemic cases (in the
presence of a peripheral neutrophil count of >1,500/μL, a
platelet count of >100,000/μL and a Hb level of >11 g/dL).
SD was defined as a regression of <50% in the size of
assessable disease sites or an increase of <25% in the size of
existing lesions, without the appearance of any new disease
manifestations, and PD as an increase of at least 25% in a
site involved before therapy or the appearance of any new
disease manifestations.

Statistical analysis

This was a multicentre, open-label, non-comparative phase
II study. A total of 63 patients entered the protocol, and the
intent-to-treat population included 61 patients with revised
histologic diagnosis. OS was defined as the time from the
date of study entry to the date of last observation or death
due to any cause. Failure-free survival (FFS) was defined as
the time from the date of study entry to the last follow-up
visit, or to one of the following events: any response less
than PR at the end of therapy, documented progression, and
relapse or death due to any cause other than lymphoma.
PFS was measured from the date of study entry to the last
follow-up visit or disease progression during treatment,
relapse or death due to any cause. The duration of
remission was defined as the time from the date of CR or
PR after therapy to the date of disease progression, or the
date of the last follow-up examination. Survival functions
were estimated on the basis of an intention-to-treat analysis
using the Kaplan–Meier method [17]. Toxicity was
recorded and graded using a four-point scale according to
the ECOG criteria [18].

Results

Patient flow

Between July 2002 and September 2006, 63 adult
patients with INFL were consecutively enrolled. After
registration, two cases were excluded because of a
revised histological diagnosis (one T cell-rich B cell
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lymphoma and one multiple myeloma with nodal
involvement). Table 1 shows the main clinical and
haematological characteristics of the remaining 61 patients
(36 men and 25 women, M/F 1.44; median age 64 years,
range 40–70 years). The diagnoses were made on nodal
specimens (39%), extranodal pathological samples (12%)
and bone marrow biopsy (49%). There were 22 cases of
SLL, 11 of LPC, 25 of MZL (6 nodal, 6 non-gastric
extranodal and 13 splenic), and 3 of CD5-negative low-
grade B cell NHL. Twenty patients presented a peripheral
clonal B cell population.

Two patients were subsequently excluded because no
further information was obtained after registration. During
the study, 6 of the 59 evaluable patients (10%) were
withdrawn from the study before treatment completion: two
splenic MZL cases because of fatal infectious episodes (one
pulmonary aspergillosis after the second cycle and one
bacterial pneumonia after the third cycle); three because of

WHO grade III and IV haematological toxicities (two
prolonged pancytopaenia after the first (SLL case) and one
(MZL) after the second cycle and a haemolytic anaemia in
one case of MZL after the first cycle); and one MZL
because of WHO grade IV renal toxicity after the first
cycle. Of the 53 remaining patients, 43 completed the
planned treatment of six cycles. Three stopped treatment
after five cycles: one SLL and one MZL because of WHO
grade III prolonged pancytopaenia and one SLL because of
skin infection in the presence of WHO grade III neutro-
paenia. Four stopped after four cycles (one SLL, one LPC
and one MZL because of WHO grade III prolonged
pancytopaenia and one MZL because of WHO grade III
anaemia), two after three cycles (one CD5-negative low-
grade B cell NHL because of grade III neutropaenia and
one MZL because of WHO grade III renal toxicity), and
one patient progressed after the first cycle developing a
haemolytic anaemia (Fig. 1).

Characteristic Number Percentage

Age (years) <65 33 54

≥65 28 46

Sex Male 36 59

Female 25 41

Ann Arbor stage II 1 2

III 2 3

IV 58 95

B symptoms Present 13 21

Absent 48 79

Bulky Negative 41 67

Positive 20 33

Serum LDH ≤UNL 41 67

>UNL 20 33

Serum β2-microglobulin (n=51) ≤UNL 14 27

>UNL 37 73

Splenic involvement Negative 29 48

Positive 11 18

Splenomegaly 21 34

Hb ≤11 g/dL 42 69

>11 g/dL 19 31

PLT ≤100,000/μL 49 80

>100,000/μL 12 20

Lymphocytosis ≥5,000/μL 20 33

<5,000/μL 41 67

Serum monoclonal component Absent 19 31

Present 42 69

Histologic diagnosis:

Small lymphocytic lymphoma 22 36

Lymphoplasmacytic lymphoma 11 18

Marginal zone lymphoma 25 41

CD5 negative low-grade B cell NHL 3 5

Table 1 Clinico-haematological
baseline characteristics of as-
sessable patients (N=61)
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Response to treatment and survival

After a median follow-up of 36 months, 17 patients had
died (28%): six because of disease relapse/progression
(10%), five because of sepsis (8%), three because of a
second tumour (5%) and three of other causes (5%,
including one cerebrovascular event and one case of
respiratory insufficiency). Of the patients who died because
of a second tumour, one (a 72-year-old male) died of
myelodysplastic syndrome 3 years after the fourth FC
cycle, the second (a 60-year-old male) died of acute
myeloid leukaemia (M6) 1 year after the sixth FC cycle,
and the third (a 62-year-old male) died of metastatic lung
carcinoma 3 years after the sixth FC cycle.

At the intermediate evaluation, 51 of 59 patients (86.4%)
showed an objective response (ORR), with 22.0% CR and

64.4% PR; one achieved SD, two had PD and five were
withdrawn from the study before treatment completion. At
the final evaluation, 83% showed an ORR, with 40.6% CR
(24 patients) and 42.4% PR (25 patients); three patients had
PD (5.0%) and one SD (1.6%).

On the basis of an intention-to-treat analysis, at a median
follow-up of 36 months, OS was 78% (95% CI 65–87),
PFS was 60% (95% CI 44–73) and FFS was 46% (95% CI
32–58; Fig. 2). At the median follow-up, remission duration
(RD) among the 49 patients achieving CR/PR at the end of
treatment was 65% (44–78); in the subset of SLL and MZL
patients, RD were 59% (29–79) and 65% (38–83),
respectively (Fig. 3).

Toxicity

The main toxicity was haematological. Considering the
occurrence of at least one episode of grade III or IV
toxicity, 18% of the patients presented anaemia, 34%
neutropaenia and 11% thrombocytopaenia; 10% of the
patients experienced WHO grade III and IV infectious
toxicity. Two early infectious deaths were related to severe
haematological toxicity, which led to treatment discontinu-
ation in seven patients.

Discussion

For a number of decades, the conventional therapy for low-
grade NHL has been based on alkylating agents (chlor-
ambucil or cyclophosphamide) administered in monother-
apy or in combination with or without anthracyclines
depending on clinical aggressiveness (cyclophosphamide,
vincristine and prednisone or cyclophosphamide, vincris-

Fig. 2 Overall survival (OS), progression-free survival (PFS) and
failure-free survival (FFS) of 61 eligible patients

Fig. 1 Flowchart of the current study. PD progressive disease
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tine, prednisone and doxorubicin). The unsatisfactory
results in terms of complete remission and long-term
disease control induced investigating the role of purine
analogues in this subset of diseases.

The fludarabine and cyclophosphamide combination has
been extensively studied mainly in CLL. As first-line
treatment, it is associated with high rates of OR (86–
100%) and CR (20–60%) [15, 19, 20]. These results have
been recently confirmed by three phase III studies compar-
ing FC with fludarabine alone or chlorambucil [21–23].

However, its efficacy in other histological subtypes has
been little investigated, and the results are generally based
on subgroup analyses of mixed histological series [24].
Excellent OR and CR rates have been reported in untreated
follicular lymphoma (90–100% and 60–89%) [25, 26] and
MCL (80–100% and 40–70%) [24], although lower
response rates have been described in patients with
treated/untreated Waldenstrom's macroglobulinaemia
(ORR 55%; CR 0%) [27]. The results of our study confirm
the remarkable efficacy of FC, especially in terms of the
number of CRs, a percentage similar to those found in other
published studies [25], with the exception of the lower
percentage described by Tam et al. [24] and the higher
percentage described by Hochster et al. [26]. This last
difference can be partially explained by the fact that this
study included younger patients than ours (only 26% was
older than 60 years) and a large majority of follicular
NHLs. Ours is the first study that includes only non-
follicular low-grade NHLs and exclude CLL, which makes
it difficult to compare the results with those of other
studies. Furthermore, the long follow-up of our series
allows us to draw consistent data about survival parameters
and long-term toxicities associated with FC combination in
pre-rituximab era.

Another important aspect that complicates data interpre-
tation is the heterogeneity of the published FC schedules:
some authors used a single dose of cyclophosphamide
added to 5 days of fludarabine [25, 26], whereas others
used the daily co-administration of various doses of both
drugs on the basis of the findings of preclinical studies [15,
24].

As in other published studies, we found that the main
toxicity was haematological, which led to six patients
(10%) stopping the therapy before the intermediate evalu-
ation; moreover, further eight patients could not complete
the programme because of myelosuppression. Grade IV
neutropaenia associated with severe drug-related lympho-
cytopaenia caused a substantial rate of infectious compli-
cations: four patients died during a prolonged post-
chemotherapy aplastic phase of uncontrolled sepsis (two
because of disseminated aspergillosis and two because of
bacterial septicaemia). This percentage of fatal infectious
was higher than that reported in other studies, even though
patients systematically received antimicrobial prophylaxis
[24, 25]; interestingly, all these patients were affected by
NHL of marginal zone (three splenic and one nodal) and
three were older than 65 years. The most important
complication after myelosuppression was the early appear-
ance of second tumours during the follow-up period: two
hematopoietic disorders and one solid tumour.

Therapy-related myelodysplasia and acute myeloid leu-
kaemia (tMDS/tAML) are well-recognised complications of
fludarabine and alkylating agent combination regimens
[28], and up to 10% of lymphoma patients treated with
standard chemotherapy may develop tMDS/tAML [29].

The combination of fludarabine with cyclophosphamide
may increase the risk of tMDS/tAML probably because of
the synergistic effects in the induction and inhibition of
DNA repair following DNA damage [30].

In conclusion, FC chemotherapy is effective in advanced
untreated non-follicular low-grade NHLs and leads to very
good ORR, CR and PFS rates. The crucial point remains
OS, which does not seem to be significantly improved in
comparison with fludarabine alone or standard therapy in
other series including different histotypes of low-grade
NHLs. In our study, the OS was conditioned by haemato-
logical and infectious toxicities that caused toxic deaths and
the discontinuation of the planned treatment in a significant
subset of patients; the role of this combination in inducing
the development of second tumours may also have affected
OS, although their relationship needs to be investigated in a
larger number of patients. All of these data suggest that the
use of this active combination should be reserved for
carefully selected patients who need to be closely moni-
tored during therapy. These results could be considered as
the basis for the development of immunochemotherapy
association, such as rituximab (R) FC (FCR), which has

Fig. 3 RD of 49 patients in CR/PR at the end of treatment according
to main histotypes
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been demonstrated to be an effective treatment for newly
diagnosed as well as relapsed low-grade NHL [31, 32].
More recently, in two randomised trial in CLL at diagnosis
and previously treated, FCR has been demonstrated to be
more effective than FC chemotherapy [33, 34]. We have
recently reported the preliminary results of this combination
in this subset of lymphomas [35].
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