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Abstract

Multiple myeloma (MM) is an incurable B-cell malignancy often accompanied by
profound immunodeficiency. Lenalidomide (Len) is an immunomodulatory drug
that exerts promising therapeutic effects on MM through the immune system.
However, predictive markers related to the effects of Len treatment are not fully
understood. This study aimed to identify candidate biomarkers for predicting the
clinical efficacy of Len and dexamethasone (Ld) therapy through a comprehensive
analysis of serum cytokines. The levels of 48 cytokines in the serum of patients
with MM just before Ld therapy (n="77), at the time of best response (n=56), and
at disease progression (n=49) were measured and evaluated. Patients with high
IL-18 and M-CSF levels showed significantly shorter progression-free survival
and overall survival (OS). In contrast, patients with high PDGF-BB levels had
longer survival. Moreover, low levels of G-CSF, IL-7, IL-8, and SDF-1a were as-
sociated with shorter OS after Ld therapy. During Ld therapy, pro-inflammatory
cytokines such as IL-2Ra, IL-18, and TNF-a were decreased, while IFN-y was in-
creased. IL-4 and IL-6 levels increased during disease progression. In conclusion,
this study provides a better understanding of the association between cytokines
and the efficacy of Ld therapy as well as the unique changes in cytokines related

to inflammatory and immune responses during Ld therapy.
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1 | INTRODUCTION

The systemic cytokine environment plays a pivotal role
in the growth and progression of hematological malig-
nancies. In lymphoid malignancies, cytokines play a role
in tumor survival and tumor microenvironment. For
example, in our previous report, high levels of IL-5 and
IL-10 were unfavorable prognostic factors in adult T-cell
leukemia/lymphoma.’ Classical Hodgkin lymphoma is
characterized by the overexpression of Th2 cytokines and
chemokines and suppression of the Thl cell-mediated
cellular immune response.” Several studies have been
conducted to clarify the profile and pathophysiological
implications of cytokines in multiple myeloma (MM).
Zheng et al. evaluated the cytokine profile of patients with
MM and reported an anti-inflammatory phenotype of
multiple cytokines that support tumor growth by escaping
from immunosurveillance.® Saltarella et al. reported the
presence of proangiogenic cytokines in the bone marrow
milieu of patients with MM. They have also shown that
FGF-2, HGF, VEGF, and PDGF-p levels have predictive
significance for response to MM treatment.* To date, the
relationship between each cytokine and the response to
specific therapies has been poorly investigated.

Lenalidomide (Len) is an immunomodulatory drug
(IMiD) that plays an important role in the treatment of
MM. This drug is often used in combination with dexa-
methasone and is also known as Ld therapy. Len enhances
the host's antitumor immune response; thus, a combina-
tion with monoclonal antibodies such as elotuzumab’ and
daratumumab®’ is considered an efficient treatment op-
tion for relapsed/refractory (RR) cases of MM. In a pre-
vious report, we investigated the prognostic value of the
expression of CRBN pathway genes on the clinical rele-
vance of Len treatment and demonstrated the alteration
of these genes, reduced expression of IKZF1 and increased
expression of KPNA2, as possible biomarkers for the pre-
diction of poor outcomes in Ld therapy.® However, as a
limitation, this study mainly investigated the antitumor
effect of Len on MM cells and did not fully investigate the
effect of Len on the tumor microenvironment supporting
tumor survival during continuous Len treatment.

Little is known about the alteration of the tumor mi-
croenvironment and immune function in patients under-
going prolonged Ld therapy. Systemic cytokine profiles are
expected to explore the environmental factors highly as-
sociated with the tumor microenvironment and immune
factors targeting MM cells; however, these profiles are
poorly understood in terms of Ld therapy.’ In this study,
we aimed to elucidate the changes in cytokines induced
by Ld therapy and identify the association of several cy-
tokines with the clinical efficacy of Ld therapy through a
comprehensive analysis of serum cytokines.

2 | MATERIALS AND METHODS
2.1 | Clinical data and preparation of
samples from patients with RR MM

We retrospectively analyzed 77 patients with RR MM who
received Ld therapy between 2007 and 2018 at the Nagoya
City University Hospital (Aichi, Japan). Serum samples
were obtained from the 77 patients immediately before
Ld therapy (pre-Ld). Later, serum samples were collected
from 56 patients at the point of treatment response (best
response (BR)) and 49 patients at disease progression (PD)
after Ld therapy. We performed a longitudinal analysis
in as many patients as possible. Peripheral blood sam-
ples were obtained from all group (pre-Ld, BR, and PD)
in the Day 1 of Ld therapy. All patients provided written
informed consent prior to peripheral blood sampling ac-
cording to the requirements of the Declaration of Helsinki.

All the patients were assessed using the International
Staging System of the International Myeloma Working
Group (IMWG)." The response to therapy was evaluated
using the uniform response criteria of the IMWG. The
timing of best response was defined as the best response
during Ld therapy in patients who had an event (relapse
or death). On the other hand, patients who did not have
an event were censored at the date of last observation.
Their best response was defined as the best response from
the initiation of Ld therapy to the date of last observation.
Progression-free survival (PFS) was defined as the time
from the initiation of Ld therapy to disease progression
or death from any cause. Overall survival (OS) was calcu-
lated from the initiation of therapy until death from any
cause. Using global RT-PCR of bone marrow samples, the
expression of three translocation-related genes (CCNDI,
FGFR3, and c-MAF) was analyzed in primary MM cells as
described previously.'!

2.2 | Sample preparation

Peripheral blood samples were transferred to serum-
separating tubes and centrifuged at 3000rpm at 20°C
for 10min after clot formation. Supernatants were care-
fully harvested, and aliquots were frozen at —80°C until
analysis.

2.3 | Cytokine measurement by Bio-Plex
multiplex system

Bio-Plex Pro Human Cytokine Assays (Bio-Rad, USA)
were used to quantify 48 cytokines (Table S1). Serum sam-
ples were diluted fourfold (1:4) by adding 12.5puL serum
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. TABLE 1 Patient characteristics.
and 37.5puL sample diluent. The assay was performed ac-

cording to the manufacturer's instructions. Bead fluores- Number of patients 77
cence readings were analyzed using a Bio-Plex MAGPIX Sex
multiplex reader (Bio-Rad, USA), and cytokine levels Male/female 31/46
were determined using Bio-Plex Manager Software (Bio- Age (year)
Rad, USA) in duplicate samples. Cytokines for which Median (range) 69 (44-84)
most data were outside the range of the standard curve M-protein
were excluded from further analysis.
IgG 41 53%
IgA 15 19%
2.4 | Statistical analysis BIP 17 22%
IgD 3 4%
Statistical analyses were performed using GraphPad Non secretory 1 1%
Prism software (version 8; GraphPad Software, San Diego, ISS stage at diagnosis
CA, USA). Statistical significance was set at p<0.05. The Stage 1 18 23%
median expression levels of cytokines were compared Stage 2 31 40%
using Mann-Whitney U- and Kruskal-Wallis tests. Best Stage 3 o S5
response between the two groups of each cytokine com- ND ) %
pared by Fisher's exact test. Survival was compared using
the Kaplan-Meier method with log-rank and Wilcoxon RT-PCR and fish
tests. Univariate and multivariate analysis for survival CCNDI 32 42%
with the Cox proportional hazard model. t(11;14) 17 22%
11 polysomy 4 5%
NA 7 9%
3 | RESULTS ND 4 5%
. L. FGFR3 17 22%
3.1 | Patient characteristics (14)+ u 14%
Patient characteristics are described in Table 1. Seventy- 114160+ > 3%
seven patients received Ld therapy. The median age and NA 4 8%
median number of prior therapies were 69years and 2, e-MAF 16 21%
respectively. One (1%), 11 (14%), 42 (55%), and 18 (23%) t(14;16)+ 6 8%
patients achieved complete response (CR), very good par- NA 9 12%
tial response (VGPR), partial response (PR), and stable ND 1 2%
disease (SD), respectively. Sixty-three patients (82%) had Triple negative® 13 17%
previously received bortezomib-containing therapies, and ((4:14)+ 3 4%
17 patients (22%) had previously received thalidomide- ND L 16%
containing therapies.
In Table S2, the initial dose of Ld therapy was summa- ASCT
rized. Patients had received Ld therapy for a median of +/- 25
240 days (range: 3-1685days). Prior therapies
We compared cytokine levels between each ISS stage. Median (range) 2(1-6)
Consequentially, IL-2Ra and MIG were significantly as- Prior bortezomib therapy
sociated with the ISS stage (Kruskal-Wallis test, p-value +/- 63 (82%)/14

<0.05) (Figure S2). We compared each cytokine levels
between the group with prior ASCT and with no prior

Prior thalidomide therapy

+/- 17 (22%)/60
ASCT. There was no significant difference between the

. . Best response
two groups (data not shown). Figure S3 displays the asso-
ciation pre-Ld cytokine levels and the previous treatment. R ! 1%
Cytokine levels of CTACK, Eotaxin, IL-1ra, IL-4, IL-8, VGPR 1 14%
IL-17A, MIF, RANTES, SDF-1a, TNF-a, and TRAIL were PR 42 55%

lower in the patients who had prior Bor therapy. On the
other hand, serum IL-10 levels were higher in the patients (Continues)
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TABLE 1 (Continued)

MR 1 1%

SD 18 23%

PD 4 5%
Timepoint of sampling

Just before of Ld therapy 77

Best response of Ld therapy 56

Progression of disease 49

Abbreviations: CR, complete response; MR minimal response; NA, no
abnormality; ND, not done; PD, progressive disease; PR, partial response;
SD, stable disease; VGPR, very good partial response.

YCCND1I-, FGFR3-, c-MAF- negative in RT-PCR.

who had prior Thal therapy. This result was consistent
with the previous report suggested that Thal enhanced
IL-10."* We compared serum cytokine levels between the
two groups based on chromosomal abnormalities (CA)
and LDH level (Figure S4). IL-18, M-CSF, HGF, IL-1a,
and IL-5 were significantly higher in high LDH group. It
seems that these cytokines might reflect tumor volume of
MM. The levels of B-NGF were significantly lower in the
patients with high-risk CA included t(4; 14) and t(14; 16).

3.2 | Impact of cytokine expression levels
on response and survival after Ld therapy

Based on their responses to Ld therapy, patients were clas-
sified as good responders (CR + VGPR + PR, n=54) or poor
responders (minimal response [MR]+ SD + progressive
disease [PD], n=23) as described previously.>'*'* IL—18
and M-CSF expression levels were significantly higher
in poor responders to Ld therapy (p=0.0103, 0.0044).
In contrast, the concentration of PDGF-BB was signifi-
cantly lower in poor responders (p=0.0157) (Figure 1).
In Table S3, we compared the best response between the
groups showing low and high levels of each cytokine by
Fisher's exact test. We used median values and the values
using ROC curve estimation as cutoff values, respectively.
Significant differences were observed in almost groups
showing low and high expression of each cytokine.

All the patients were divided into two groups based
on the median values of each cytokine and the level of
expression (high or low), and the differences in survival
were evaluated. PFS and OS were significantly shorter in
the group with high IL-18 levels (PFS, log-rank, p=0.0016;
Wilcoxon, p=0.0013 and OS: log-rank, p=0.0103;
Wilcoxon, p=0.0063) and high M-CSF levels (PFS: log-
rank, p=0.0292; Wilcoxon, p=0.0105 and OS: log-rank,
p=0.0019; Wilcoxon, p <0.0001). Although no significant
differences were observed in PDGF-BB levels, PFS, and

OS tended to be shorter in the group with low PDGF-BB
levels (Figure 2).

When limited to OS, significant differences were ob-
served in G-CSF, IL-7, IL-8, and SDF-1a levels. OS was
significantly shorter in the group with low levels of these
cytokines (Figure 3).

For progression free survival, IL-18 levels and LDH
were independent unfavorable prognostic factors. On the
other hand, IL-8 levels were independent unfavorable
prognostic factors for OS. Although no statistical signifi-
cance was observed, IL-18 levels tended to be associated
with shorter OS after Ld therapy (p =0.053) (Tables S4 and
S5).

We analyzed the correlation between IL-18, M-CSF,
and PDGF-BB. Using a linear regression model, the cor-
relation between IL-18 and M-CSF was shown (Figure S5).

3.3 | Alteration of cytokine expression
levels before, during, and after Ld therapy

Altered cytokine expression levels before, during, and
after Ld therapy are shown in Table 2 and Figure S1.
In this study, pro-inflammatory cytokines such as IL-
2Ra, IL-18, and TNF-a were decreased by Len treatment
(Figure 4A-C). In contrast, IFN-y was elevated by Ld ther-
apy (Figure 4D). During PD, TNF-a remained low, IFN-y
was decreased, but IL-18 was elevated. Th2 cytokines
such as IL-6 and IL-4 were elevated in patients with PD
(Figure 4E,F).

4 | DISCUSSION

We have shown that higher levels of IL-18 and M-CSF
were associated with a poor response to Ld therapy and
shorter PFS and OS compared to lower levels of these
cytokines.

Recently, IL-18 has been considered as a major factor
contributing to the formation of tumor microenviron-
ment. This cytokine promotes MM progression by gen-
erating myeloid-derived suppressor cells (MDSCs) and
other immunosuppressive cells and establishing an im-
munosuppressive milieu. Therefore, high I1L-18 levels in
the bone marrow are reported to be an independent poor
prognostic factor among patients with MM."” In our study,
high IL-18 levels were associated with poor clinical out-
comes to Ld therapy. This is the first report to demonstrate
a relationship between IL-18 and Len efficacy. Several
previous reports have shown that Len treatment partially
improves the immunosuppressive effect of MDSCs in the
tumor milieu.'® However, high IL-18 levels suggest severe
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FIGURE 1 Association between pre-Ld cytokine levels and best response after Ld therapy. Patients were classified as good responders
(complete response [CR]+ very good partial response [VGPR] + partial response [PR]) or poor responders (minimal response [MR] +stable
disease [SD]+ progressive disease [PD]). The horizontal red bars represented the median values of the levels of each group. (A, B) The
expression levels of IL-18 and M-CSF were significantly higher in poor responders to Ld therapy. (C) The concentration of PDGF-BB was

significantly lower in poor responders.
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FIGURE 2 Association between pre-Ld cytokine levels and survival after Ld therapy. (A, B) PFS and OS were significantly shorter in
the group with high IL-18 and M-CSF levels. (C) No significant differences were observed in PDGF-BB, but PFS and OS were shorter in the

group with low PDGF-BB levels.

immunosuppressive conditions in the tumor milieu that
could not be sufficiently improved by Ld treatment. Thus,
patients with high IL-18 levels have poor clinical outcomes
to Ld therapy. To overcome the poor outcome in patients
with high IL-18 levels, a triplet regimen of Len contain
therapy, such as monoclonal antibody with Ld therapy,
may be necessary to improve the severe immunosuppres-
sive conditions. We have shown that high IL-18 levels were
associated with poor response and shorter PFS during Ld
therapy. These results suggested the usefulness of IL-18 as

a predictive marker for Ld therapy. Although high IL-18
levels were also associated with shorter OS, multivariate
analysis for OS did not show any independent unfavorable
prognostic factors. The future study with large sample size
and events is needed to confirm the usefulness of IL-18 as
a prognostic factor.

High M-CSF levels are predictors of poor survival in
patients newly diagnosed with MM.'” In our study, the pa-
tients with high M-CSF levels showed poor outcomes after
Ld therapy. M-CSF is involved in osteoclast differentiation
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FIGURE 3 Association between pre-Ld cytokine levels and overall survival after Ld therapy. (A-D) OS was significantly shorter in the

group with low G-CSF, IL-7, IL-8, and SDF-1u levels.

and may be associated with excess osteolysis induced by
MM progression.'® Therefore, Ld therapy may be insuf-
ficient for improving the bone environment in patients
with high M-CSF levels. In such cases, the addition of a
proteasome inhibitor to Ld therapy may be necessary to
improve the bone environment, leading to improved clin-
ical outcomes.

In contrast, higher levels of PDGF-BB were associated
with a favorable response to Ld therapy and were related
to longer survival, both PFS and OS, than lower levels
among patients with MM treated with Ld therapy. Greco
et al. reported that PDGF-BB can upregulate Myc expres-
sion and facilitate Myc-regulated oncogenic transcription
factors in tumor cells.”® In MM cells, Myec, and interferon
regulatory factor 4 (IRF4) form a positive autoregulatory
loop,”® and this regulatory loop supports the survival of
tumor cells. Thus, high levels of PDGF-BB may indicate
high dependency on Myc-regulated transcriptional ac-
tivity in MM cells. Previous studies have shown that Len
treatment effectively blocks the positive autoregulatory
loop of Myc and IRF4 and decreases survival signal-
ing molecules, such as IKZF1, and IKZF3, in MM cells.
Therefore, MM with high PDGF-BB levels may be highly

sensitive to Ld therapy through the effective suppression
of Myc-dependent oncogenic transcriptional activity in
MM cells. A decrease of PDGF-BB levels may suggest that
the Myc-dependent MM clones were eradicated by Ld
therapy. We speculate that MM cells proliferated using the
alternative pathway instead of the Myc pathway in relapse
phase. This might be why PDGF-BB levels remained low.

In our data, patients with lower G-CSF, IL-7, IL-8, and
SDF-1a levels had shorter OS.

IL-8 (also known as CXCLS8) is a member of the C-
X-C chemokine family and exhibits angiogenic activity
in the bone marrow.”! Low levels of SDF-1a and IL-8 are
associated with the disease progression of MM through
migration and homing of MM cells to the bone marrow
niche.”*** Pellegrino et al reported that IL-8 stimulated
the proliferation and cell chemotaxis of MM cells. Bone
marrow endothelial cells from patients with MM express
and secrete higher amounts of IL-8 than healthy coun-
terpart.”? The relationship serum IL-8 levels in MM pa-
tients and Len treatment have not been reported. On the
other hand, Zabransky et al reported that Len treatment
induced the decrease of IL-8 levels in non-progressors of
prostate cancer.”* We speculate that Len treatment induce
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FIGURE 4 Comparison of serum (A) IL-2Ra (B) IL-18 (C) TNF-a
cytokine levels in patients with MM
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the secretion of IL-8 from bone marrow endothelial cells.
Hence, on-treatment patients might show decreased IL-8
levels in our study. Moreover, low IL-8 levels might be as-
sociated with the proliferation of MM cells independent
IL-8 and shorter OS.

SDF-1a and its receptor CXCR4 (C-X-C motif chemo-
kine receptor 4) plays a pivotal role in proliferation, in-
vasion, and drug resistance in MM.? SDF-1a is produced
by mainly bone marrow stromal cells and its levels were
elevated in BM plasma in patent with MM.?® It seemed
that high SDF-1a levels induced the downregulation of
CXCR4 and dissemination of MM cells.***’ Alsayed et al.
have shown that SDF-1a levels in the bone marrow of MM
patients were higher than those in the peripheral blood.*®
In our study, OS was significantly shorter in the patients
with low SDF-1a levels in pre-Ld. This result was not con-
sistent with previous report that have shown SDF-1a is as-
sociated MM progression. We speculate that low SDF-1a«
levels in peripheral blood resulted in the upregulation of
CXCR4 in surface of MM cells and the formation of EMD.
Li et al reported that Len induced upregulation of CXCR4
in CD34" hematopoietic cells.”® We speculate that Len re-
duces the downregulation of CXCR4 on MM cells in bone
marrow and prevent the formation of EMD.

In previous report, it was suggested that IL-7 from MM
cells inhibited osteoblast formation and differentiation.*®
Moreover, IL-7 also contribute to the increase of osteoclast
formation through RANKL stimulation.® Thus, it seems
that IL-7 was associated the bone lesion formation of MM.

On the other hand, IL-7 is essential for the development and
survival of T cells.*** IL-7 was produced by MM cells and
bone marrow stroma cells.’ In our study, low levels of IL-7
were associated with poor clinical outcomes of Ld therapy,
which may be due to the lower host immune activity of T
cells during Len treatment, leading to shorter OS in patients
with MM who received Ld therapy. Although it was difficult
to detect the source of IL-7, we thought that decrease of IL-7
levels after Ld therapy resulted from decrease of MM cells
produced IL-7 and the negative feedback of bone marrow
stroma cells produced IL-7 for T cells proliferation.

Several lines of evidences”** show that IMiDs modulate
the expression of several cytokines in tumor and immune
cells in the tumor microenvironment. Notably, IMiDs exert
an immune activation effect, such as an immunostimula-
tory effect on T cells and NK cells, and an inhibitory effect
on tumor growth by interfering with tumor microenviron-
ment interactions, such as anti-angiogenesis.35

Schiitt et al. reported that Thal increased serum solu-
ble IL-2R via NK cell activation.*® Other previous report
suggested that serum sIL-2R did not increase in PD.?
Therefore, it might be difficult to use sIL-2R as tumor
marker especially during IMiDs containing regimen. It
seems that decreased NK cell activity might be due to
relapse of MM and sIL-2R decrease. sIL-2R might be af-
fected the tumor volume and NK cell activity and not be
increased in relapse.

In our cohort, the level of IFN-vy, one of the Th1 cyto-
kines, was elevated during Ld therapy, and this elevation
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disappeared during disease progression. This result indi-
cated that the activation of T cells was triggered during
Len treatment, and this activation was canceled by the
growth of Len-resistant MM cells. In previous report,
serum IFNy levels were lower in MGUS and MM than
healthy control.> We thought that serum IFNy levels
in the patients with MM are permanently lower than
healthy individuals. Therefore, it is needed that the
comparison between low levels of IFNy in patients with
RRMM. In our study, it seemed that the secretion of IFNy
were slightly recovered in best response to Ld therapy
(Figure 4D).

TNF-a, a major cytokine playing a critical role in tumor
microenvironment interactions, is decreased during Ld
therapy, and this level did not change with disease pro-
gression. With Len treatment, tumor microenvironment
interactions supported by the transfer of inflammatory
cytokines becomes invalid by the modulation of cytokine
levels in the microenvironment, represented by the re-
duction of TNF-a level. Even during disease progression,
TNF-a level was low. This result suggests that specific MM
clones with low microenvironment dependency are re-
fractory to Len treatment and proliferate without tumor
microenvironment support.

Portier et al. reported that G-CSF gene was expressed
in most patients with MM.>” Xu et al. suggested that G-
CSF induces the production of TNF-a.*® In our study, the
positive correlation between G-CSF levels and TNF-a lev-
els was shown (Figure S6). This was consistent with previ-
ous report. We speculate that high G-CSF levels associated
with high TNF-« levels in serum. Len induces the reduc-
tion of TNF-a level and may also induce the reduction of
G-CSF. Thus, the patients with low G-CSF levels in pre-Ld
might be associated with poor outcome of Ld therapy be-
cause of low levels of TNF-a.

The expression levels of IL-4 and IL-6, an inflammatory
and Th2 type cytokine, respectively, were low during Len
treatment, indicating the inhibitory effects of Len on in-
flammatory and Th2-type cytokines. However, during the
progression stage, the levels of these cytokines increased.
Kyrstsonis et al. reported a correlation between two cyto-
kines, IL-4 and IL-6, and disease progression and progno-
sis.*® Therefore, elevated levels of these cytokines may be
related to the growth of Len-resistant MM clones. In our
cohort, 82% of the patients in pre-Ld group had previously
received bortezomib-containing therapies. Cytokine lev-
els of IL-4 were lower in the patients who had prior Bor
therapy (Figure S3). Low levels of IL-4 in pre-Ld might be
influenced by prior Bor therapy. In previous report, serum
IL-6 levels ranged from 0 to 13 pg/mL (median 5pg/mL).*
In addition, although an elevation of IL-6 in the bone mar-
row plasma was observed, IL-6 levels in peripheral blood
plasma were not elevated in previous study.> Our results

were consistent with these previous reports. It seems that
IL-6 levels tended to be low in peripheral blood and were
compared within the range of low values.

Our study had some limitations. First, further vali-
dations on the other cohorts are needed to evaluate our
results. Second, although all samples were collected just
before Ld therapy, no samples were collected at the time of
diagnosis or before the initial therapy. Thus, no compari-
son of the samples between the initial therapy and Ld ther-
apy could be performed. Third, the background of prior
therapy in patients with MM was not uniform in our co-
hort. Therefore, further studies are required to identify the
role of cytokines as predictive biomarkers of Ld therapy ef-
ficacy. Fourth, it is difficult to evaluate the tumor microen-
vironment using serum cytokines alone. Cytokines might
be secreted from not only myeloma cells but also lympho-
cyte, other immune cell and stromal cells. However, cy-
tokine levels from each cell and CD4/CD8 ratio were not
analyzed in this study. Moreover, the cytokine concentra-
tions in bone marrow and peripheral blood may diverge,
and that cytokine levels may change depending on the
timing of blood collection, gender, and age.

In conclusion, we demonstrated that high IL-18 and
M-CSF levels and low PDGF-BB levels are associated with
poor clinical outcomes to Ld therapy. Moreover, low G-
CSF, IL-7, IL-8, and SDF-1« levels were associated with
shorter OS after Ld therapy. This study provides a better
understanding of the association between cytokines and
Ld therapy efficacy. Our results may contribute to the
identification of a specific patient population who might
benefit from Len-containing therapy.
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