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High serum levels of CD178 (soluble FasL) predict for inferior
progression free survival in chronic lymphocytic leukemia treated with
fludarabine-based chemotherapy
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Prognosis of CLL patients has historically been deter-
mined by categorization into Rai or Binet risk groups
based on physical examination and blood counts, how-
ever given heterogeneity within Rai or Binet risk catego-
ries, these prognostic tools have limitations predicting
clinical course and response to therapy. More recently,
the CLL-international prognostic index (CLL-IPI) discrimi-
nates four prognostic subgroups based on five independ-
ent clinical, biochemical, genetic and molecular
prognostic factors including age, clinical stage, IGHV
mutation status, serum b2-microglobulin concentration
and TP53 deletion and/or mutation, in an attempt to
improve prognostication and to allow more targeted
management of CLL patients [1].

The in vitro CLL microenvironment plays a critical
role in survival of CLL cells. When CLL cells are cultured
ex vivo, they undergo rapid apoptosis [2]. The Fas
receptor (FasR; CD95) and Fas ligand (FasL; CD178) are
cell surface proteins that belong to the tumor necrosis
factor (TNF) family. Interaction of FasL with its receptor
induces cell death. Soluble Fas variants are described
with soluble FasR (sFasR) a product of alternative splic-
ing, and soluble FasL (sFasL) generated by cleavage of
the FasL extracellular domain by matrix metalloprotei-
nase-family of enzymes [3,4]. Altered levels of soluble
and membrane bound FasR and FasL have been impli-
cated in the pathogenesis of various malignancies and
autoimmune conditions. CLL cells express low levels of
FasR and FasL, and high sera levels of sFasR have been
associated with progressive CLL [5], however little is
known about sFasL and how this impacts CLL treatment
response and survival.

Therefore, we measured serum levels of 12 cyto-
kines, including sFasL, in 32 CLL patients participating
in the German CLL Study Group CLL8 trial [6] prior to
treatment with fludarabine-based therapy, compared
cytokine levels in CLL patients to 7 age-matched

healthy controls, and correlated cytokine levels in CLL
patients to known prognostic markers and patient
response rates (RR), progression free survival (PFS) and
overall survival (OS). Serum CCL19, CCL21, CXCL2,
CXCL12, CXCL13 concentrations were measured using
commercially available ELISA kits (CCL21/6Ckine
Quantikine Colorimetric ELISA (R&D Systems), CCL19/
MIP-3b, CXCL12/SDF-1a, CXCL13/BLC/BCA-1 DuoSet
ELISA Development Systems (R&D Systems), and CXCL2/
GRO-b ELISA Development Kit (PromoKine)) according
to the manufacturer’s protocols. Serum CCL2, CCL3,
CCL4, sCD154, sFasL, IL-6 and IL-8 concentrations were
measured using BD Cytometric Bead Array Flex Sets (BD
Biosciences) according to the manufacturer’s protocols.
Data was collected on a FACSArray Bioanalyzer cytome-
ter (BD Biosciences) and analyzed using BD Flow
Cytometric Analysis Program Array software.

Comparisons were performed using the
Mann–Whitney test for two data sets, or the Kruskal-
Wallis test for greater than two data sets. Kaplan–Meier
survival curves and the log-rank test were used to com-
pare survival between CLL patients divided into two
categories: those with cytokine levels above ‘high’ or
below ‘low’ the median. Complete response (CR) and
partial response (PR) were compared between ‘high’
and ‘low’ cytokine patient groups using the
Mann–Whitney test. Cox proportional hazard regression
analysis with backward elimination was used to deter-
mine multivariable independence between age
(�65 years versus >65 years), clinical stage (Rai and
Binet staging), IGHV status (mutation versus unmu-
tated), serum b2-microglobulin concentration (�3.5mg/
L versus >3.5mg/L), and CLL-IPI risk groups in predict-
ing PFS and OS. Comparison of TP53 status (no abnor-
malities versus deletion and/or mutation) was not
performed due to insufficient numbers for statistical
analysis (TP53 positive, n¼ 2). Protocols were approved
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by the Princess Alexandra Hospital Human Ethics com-
mittee, and written informed consent was obtained
from all patients according to the Declaration
of Helsinki.

Table 1 shows the baseline characteristics of CLL
patients. Untreated CLL patients had significantly higher
CCL3, CCL4, CXCL13, sFasL and IL-6 levels, but signifi-
cantly lower CXCL12 and sCD154 levels, compared with
normal controls (Figure 1). Serum concentrations of
CCL19, CCL21, CXCL2, CCL2 and IL-8 were no different in
untreated CLL patients compared with controls.

Significantly higher levels of CCL4 were found in
more advanced Rai stages (stage II-IV) and patients
with higher serum b2-microglobulin levels (Figure 2(A)),
significantly higher serum levels of CCL19 were found
in higher CLL-IPI risk groups (high and very high risk
groups) (Figure 2(B)), and significantly higher serum
levels of CCL21, CXCL13 and sFasL were found in
patients with higher b2-microglobulin levels (Figure
1(C)). Significantly lower levels of CXCL2 were found in
more advanced Rai and Binet stages, in patients with
higher serum b2-microglobulin levels and unmutated
IGHV (Figure 2(D)). In addition, significantly lower levels
of sCD154 were found in more advanced Rai and Binet
stages (Figure 2(E)). There was no association between
cytokine levels and age, sex, ECOG status, B symptoms
or CIRS score (data not shown). sFasL levels did not
associate with any of the currently used poor prognos-
tic indicators.

A high sFasL serum level was associated with a lower
likelihood of achieving CR (median sFasL level of

Table 1. CLL patient clinical and laboratory characteristics.
Number (%)

Total no. of subjectsa 32 NA
Age, y
Median 62 NA
Range 40–77 NA

Sex
Male 27 84.4
Female 5 15.6

Binet stage
B 20 62.5
C 12 37.5

Rai stage
I 6 18.8
II 13 40.6
III 3 9.4
IV 9 28.1

IGHV mutation status
Mutated 13 40.6
Unmutated 17 53.1

b2-microglobulin
�3.5mg/L 21 65.6
>3.5mg/L 10 31.3

Fluorescent in situ hybridization(FISH)
17p deletion 2 6.3
11q deletion (no 17p deletion) 4 12.5
12q trisomy (no 17p or 11q deletion) 3 9.4
Normal 7 21.9
13q deletion as sole abberation 11 34.4

CLL-IPI risk group
Low 5 15.6
Intermediate 8 25.0
High 12 37.5
Very high 2 6.3

Treatment
Fludarabine and cyclophosphamide (FC) 17 53.0
FC plus rituximab (FCR) 15 47.0

aClinical data were not available on all 32 CLL patients: Rai stage and b2-
microglobulin (31/32), IGHV mutation status (30/32), FISH and CLL-IPI
(27/32). NA indicates not applicable.

Figure 1. Differential expression of cytokines in untreated CLL patients compared with age-matched healthy controls. The bottom
and top of the box plots indicate the 25th and 75th percentiles respectively, the bar within the box indicates the median value,
and the ends of the whiskers indicate the 10th and 90th percentiles. Outliers are represented by dots. Cytokine levels are reported
in picograms/milliliter. Note CCL2, CCL3, CXCL13, IL-6 cytokine levels are represented graphically using a log10 scale on the y-axis.
All other cytokine levels are represented using a linear scale.
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30.35 pg/ml (range 4.05–39.5) in patients achieving CR
versus 46.48 pg/ml (range 0–128.2) in patients achieving
PR). In addition, a high sFasL predicted for inferior PFS
(72% for low sFasL versus 20% for high sFasL at 48
months, Figure 3(B)). This effect on PFS was independent
of Binet and Rai stages, IGHV mutation status, serum b2-
microglobulin concentration, CLL-IPI score and whether
patients received fludarabine and cyclophosphamide (FC),
or FC plus rituximab (FCR) (Figure 3(A–C)). Only the CLL-
IPI score was an independent prognostic marker for OS
(HR ¼ 5.214; 95% CI 1.370–19.847, p¼ .015). This was
despite an OS of low sFasL versus high sFasL patients
being 85% versus 60% at 48 months, and 78% versus
53% at 60 months (Figure 3(D)).

In the current era of novel targeted agents, FCR
remains standard therapy for younger patients with CLL,
particularly for those with mutated IGHV gene status and
no TP53 deletion [7]. Markers that can predict which
patients are unlikely to respond to fludarabine-based
therapy would be useful given the significant treatment-
associated morbidity. To our knowledge, this is the first
demonstration of lower levels of sCD154 and CXCL12 in

CLL sera, and that lower levels of sCD154 and CXCL2 and
higher levels of CLL4, CCL19, CCL21, and sFasL correlate
with poor prognostic factors, but that only sFasL predicts
for lower CR rates and inferior PFS to fludarabine-based
chemotherapy. Our findings of elevated CCL3, CCL4,
CXCL13, IL-6 and sFasL sera levels are consistent with
previous reports [8–12].

The mechanism by which sFasL results in lower CR
and inferior PFS in CLL patients treated with fludarabine-
based chemotherapy is unknown, however abnormal lev-
els of sFasL have been detected in sera from patients
with B- and T-cell malignancies, solid tumors, and
patients with autoimmune disorders [12–14], and high
levels of sFasL in patients with large granulocytic leuke-
mia (LGL) has been shown to protect the leukemic LGLs
from apoptosis in vivo [15].

Limitations of this study include preliminary results in
a small number of patients and the need to validate in a
larger cohort. In addition, feasibility of FasL testing in the
clinical setting is uncertain. Future studies may be
directed at determining how TP53 mutations correlate
with sFasL levels (TP53 sequencing was not performed in
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Figure 2. Cytokines for which serum levels are significantly different when untreated CLL patients are analyzed according to Rai
and Binet staging, serum b2-microglobulin levels, IGHV mutation status and CLL-IPI risk groups. Data are presented as box plots
(see Figure 1 for details). To allow statistical analysis of low absolute numbers, Binet stage III-IV and CLL-IPI high risk and very
high risk are grouped together [(V) High]. Serum b2-microglobulin levels are reported in milligrams/litre (x-axis). Cytokine levels
are reported in picograms/milliliter (y-axis). Note all cytokine levels are represented graphically using a log10 scale on the y-axis,
except CCL19, which is represented using a linear scale.
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the CLL8 cohort), or whether sFasL can predict patient
response to novel agents such as kinase inhibitors of the
B-cell receptor pathway and BCL2 antagonists.
Furthermore, if future functional studies determine sFasL
has a pathological role in CLL biology, this may provide a
potential therapeutic target in CLL.

In conclusion, we show that sFasL predicts for lower
CR rates and inferior PFS in CLL patients treated with flu-
darabine-based therapy. Combining sFasL with previous
prognostic tools may result in refined algorithms that are
able to predict response to various therapies, allowing
for targeted treatment strategies.
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