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Introduction
Multiple myeloma (MM) is a complex disease 
characterized by the clonal expansion of plasma 
cells in the bone marrow, leading to monoclonal 

protein production and end-organ damage.1,2 
Despite advancements in treatment modalities 
such as immunomodulatory agents, proteasome 
inhibitors, monoclonal antibodies, and stem cell 
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Abstract
Background: Secondary myelofibrosis (SMF) is characterized by the excessive deposition 
of fibrous tissue on top of the primary disease, often causing clinical manifestations to 
be overshadowed by the primary disease. Unfortunately, current staging systems do not 
incorporate myelofibrosis, leading to potential treatment delays for SMF.
Objectives: To evaluate the prognosis of patients with multiple myeloma (MM) complicated 
with myelofibrosis
Design: The study included the clinical data and treatment results of 208 newly diagnosed 
multiple myeloma (NDMM) patients who were treated in the Affiliated Hospital of Qingdao 
University from January 2014 to August 2020, and performed a retrospective analysis.
Methods: All patients underwent bone marrow biopsy, and MF severity was classified into 
grades 0–3 according to the 2016 WHO criteria. Treatment efficacy was evaluated based on the 
International Myeloma Working Group (IMWG) standard and SPSS was used for analysis.
Results: The MM patients without SMF exhibited better treatment response (p < 0.05). 
Importantly, increasing degrees of myelofibrosis were associated with a significant reduction 
in median progression-free survival (PFS; p < 0.05). MM-SMF patients exhibited significantly 
shorter median PFS and overall survival (OS; p < 0.05). In the MM-SMF group, neutrophil–
lymphocyte ratio >2.39, monocyte–lymphocyte ratio ⩽0.18, and platelet–lymphocyte ratio 
⩽61.6 were associated with significantly reduced median PFS and OS (p < 0.05). Notably, the 
use of bortezomib-based regimens did not significantly impact prognosis in MM-SMF patients, 
while lenalidomide-based regimens significantly extended median OS but did not significantly 
affect median PFS.
Conclusion: Myelofibrosis emerges as an important prognostic indicator for predicting the 
survival outcomes of NDMM patients. In the era of new therapeutics, there is a pressing 
need to explore novel treatment strategies in order to improve the prognosis of patients with 
multiple myeloma complicated by myelofibrosis.
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transplantation, patient’s response and prognosis 
can vary greatly.3 To improve outcomes, under-
standing prognostic factors and individualized 
treatment strategies are crucial.

Commonly used staging systems for MM 
include DS (Durie–Salmon System), ISS (Inter
national Staging System), and R-ISS (Revised-
International Staging System), but they have 
limitations in predicting prognosis. For instance, 
DS staging focuses on tumor burden and may not 
accurately predict outcomes in specific MM sub-
types like IgD and IgM.4 Similarly, the staging of 
MM based on β2-microglobulin and serum albu-
min fails to provide a comprehensive evaluation 
of the biological characteristics of the disease. 
The incorporation of lactate dehydrogenase and 
genetic risk factors into the R-ISS still falls short 
in considering crucial factors such as age and 
comorbidities.

Myelofibrosis (MF) is a condition characterized 
by the abnormal deposition of reticulin fibers and 
collagen in the bone marrow and can arise from 
various malignant and nonmalignant diseases. It 
is currently believed that MF occurs due to the 
involvement of hematopoietic stem/progenitor 
cells in depositing these fibrous proteins, contrib-
uting to a compromised microenvironment rather 
than supporting normal hematopoiesis.5,6 It is 
characterized by varying degrees of blood cell 
reduction, extramedullary hematopoiesis, pro-
gressive splenomegaly, and weight loss, all of 
which are systemic symptoms impacting quality 
of life.7,8 MF encompasses two main types: pri-
mary myelofibrosis (PMF) and secondary mye-
lofibrosis (SMF). PMF is a myeloproliferative 
disorder, whereas SMF involves the development 
of fibrous tissue in conjunction with an underly-
ing primary disease. Various hematologic condi-
tions can be associated with MF.9,10 SMF often 
remains undetected due to its overshadowed clin-
ical manifestations by the primary disease, lead-
ing to potential treatment delays. In the era of 
novel drug therapies, limited research explores 
the relationship between clinical efficacy, progno-
sis, and immune-inflammatory markers in MM 
patients with MF.

In this study, we collected clinical data from 208 
newly diagnosed MM patients treated at Qingdao 
University Affiliated Hospital between 2014 and 
2020. We aimed to investigate the therapeutic 

efficacy, prognosis, and survival outcomes of MM 
patients with SMF. Additionally, we investigated 
the relationship between MM-SMF and immune-
inflammatory markers, including neutrophil– 
lymphocyte ratio (NLR), monocyte–lymphocyte 
ratio (MLR), and platelet–lymphocyte ratio 
(PLR). Incorporating these factors, along with 
cytogenetics and immunophenotype, can yield 
more precise prognostic insights for individuals 
with MM.

Methods
This retrospective study aimed to investigate the 
clinical characteristics and outcomes of patients 
with MM-SMF. A total of 208 newly diagnosed 
MM patients treated at the Department of 
Hematology, Qingdao University Affiliated 
Hospital between January 2014 and August 2020 
were included in the analysis, none of the patients 
had received treatment at the time of diagnosis. 
Patients with incomplete clinical data, previous 
diagnosis and treatment from other hospitals, 
existing infections, connective tissue diseases, or 
other malignant tumors were excluded.

All patients underwent bone marrow biopsy, and 
MF severity was classified into grades 0–3 accord-
ing to the 2016 WHO criteria.11,12 In this study, 
patients with MF grades 1–3 were classified as the 
MM with SMF group, while those with MF grade 
0 formed the MM without SMF group.

The induction therapy regimens used in all patients 
included VD (Bortezomib + Dexamethasone),  
RD (Lenalidomide + Dexamethasone), VRD  
(Bortezomib + Lenalidomide + Dexamethasone), 
VDT (Bortezomib + Thalidomide + Dexamethasone), 
PAD (Bortezomib + Doxorubicin + Dexamethasone), 
and VCD (Bortezomib + Cyclophosphamide + 
Dexamethasone).

Treatment efficacy was evaluated based on the 
International Myeloma Working Group (IMWG) 
standard, calculating the overall response rate 
(ORR) as the sum of complete response (CR), 
very good partial response (VGPR), and partial 
response (PR). Overall survival (OS) was defined 
as the time from treatment initiation to the last 
follow-up or death, while progression-free sur-
vival (PFS) represented the duration from treat-
ment initiation to disease progression, relapse, or 
death. Patient follow-up was conducted by 
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reviewing medical records and conducting tele-
phone interviews until February 28, 2021.

Statistical analysis
Due to the noninterventional nature of this study, 
missing values were expected, and no statistical 
imputations were conducted. Statistical analysis 
was conducted using SPSS 22.0 software (IBM 
Corporation, Armonl, NY, USA). Count data 
were presented as the number of cases and per-
centages, and group comparisons were performed 
using the chi-square test or Fisher’s exact test. 
Receiver operating characteristic (ROC) curves 
were plotted and cut-off values were calculated. 
Survival analysis was performed using the 
Kaplan–Meier method, and the Log-rank test 
was employed for univariate analysis. Multivariate 
analysis was conducted using the Cox regression 
model. A p value of less than 0.05 was considered 
statistically significant.

Results

Clinical and molecular characteristics
Among the 208 newly diagnosed multiple mye-
loma (NDMM) patients, there were 125 males 
and 83 females, with a median age of 62 years old 
(range: 37–83). The distribution of MF grades 
was as follows: MF-0 (23.6%), MF-1 (44.2%), 
MF-2 (30.3%), and MF-3 (1.9%) . Extramedullary 
infiltration was observed in 34 patients (16.3%). 
Eighteen cases underwent autologous hematopoi-
etic stem cell transplantation.

Based on ROC curve analysis, the NLR demon-
strated a critical threshold of 2.39, with an  
AUC (area under curve) of 0.626 (p = 0.002). 
Similarly, the MLR presented a critical value of 
0.18, exhibiting an AUC of 0.648 (p = 0.000). In 
the patients of PLR, the critical value was identi-
fied as 61.6, accompanied by an AUC of 0.630 
(p = 0.001).

Compared to the non-MM-SMF group, the 
MM-SMF group exhibited a significantly higher 
incidence of anemia (52.2% vs 34.7%, p = 0.032) 
and lower PLR (28.3% vs 10.2%, p = 0.010). 
However, no statistically significant differences 
were observed between the two groups in terms of 
gender, age, stage, type, extramedullary lesions, 
bone marrow plasma cell ratio, NLR, MLR, 

lactate dehydrogenase, corrected serum calcium, 
β2-microglobulin, and other factors (Table 1).

The detection rates of abnormal immunopheno-
typic expression in the MM-SMF group included 
CD56+ (51.4%) and CD117+ (21.2%). The 
detection rates for IgH rearrangement, P53 dele-
tion, RB-1 deletion, and 1q amplification in the 
MM-SMF group were 56.8%, 9.1%, 38.6%, and 
60.2%, respectively. Compared to the non-MM-
SMF group, the proportion of CD56-negative 
cells was significantly higher in the MM-SMF 
group (p = 0.014), as well as the occurrence of 
complex karyotypes (p = 0.023). The MM-SMF 
group had a higher likelihood of exhibiting 1q 
amplification (60.2% vs 37.5%, p = 0.047). No 
statistically significant differences were found 
between the two groups regarding CD117 expres-
sion, IgH rearrangement, P53 deletion, RB-1 
deletion, and other factors (Table 2).

Comparison of degree of myeloproliferation and 
efficacy
Comparing the degree of myeloproliferation 
between the non-MM-SMF group and the 
MM-SMF group, the non-MM-SMF group 
demonstrated significantly lower myeloprolifera-
tion than the MM-SMF group (32.7% vs 10.1%, 
p = 0.000). Conversely, the MM-SMF group 
exhibited hyperactive myeloproliferation com-
pared to the non-MM-SMF group (45.9% vs 
16.3%, p = 0.000; Table 3).

In terms of therapeutic efficacy after induction 
chemotherapy, the analysis included 208 patients. 
The ORR in the non-MM-SMF group was 81.6% 
(40/49 cases), while the ORR in the MM-SMF 
group was 66% (105/159 cases). The non-MM-
SMF group displayed superior therapeutic effi-
cacy, and this difference was statistically 
significant (p = 0.038; Table 4).

Prognostic analysis
Univariate analysis revealed that MM patients 
with IgA subtype, extramedullary lesions, MF 
stages 1–3, CD56−, P53+, 1q amplification, com-
plex karyotypes, Hb ⩽ 85 g/L, PLT ⩽ 100 × 109/L, 
NLR > 2.39, MLR ⩽ 0.18, PLR ⩽ 61.6, and 
Ca > 2.75 mmol/L all exhibited significantly 
shorter PFS (p < 0.05). Additionally, patients in 
ISS stage III, with extramedullary lesions, MF 
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Table 1.  Comparison of clinical chacteristics in MM-SMF (cases, %).

Characteristics MM without SMF (n = 49) MM with SMF (n = 159) χ2 p

Sex

  Male 32 (65.3) 93 (58.5) 0.726 0.394

  Female 17 (34.7) 66 (41.5)  

Age (year)

  ⩽65 30 (61.2) 103 (64.8) 0.205 0.65

  >65 19 (38.8) 56 (35.2)  

DS stage

  I 13 (26.5) 25 (15.7) 2.93 0.087

  II + III 36 (73.5) 134 (84.3)  

ISS stage

  I 8 (16.3) 28 (17.6) 0.043 0.836

  II + III 41 (83.7) 131 (82.4)  

Immunoglobulin (Ig) isotype

  IgG 21 (42.9) 66 (41.5) 0.09 0.956

  IgA 11 (22.4) 39 (24.5)  

  Others 17 (34.7) 54 (34.0)  

Extramedullary disease

  Yes 9 (18.4) 25 (15.7) 0.192 0.662

  No 40 (81.6) 134 (84.3)  

BMPC

  ⩽30% 32 (65.3) 91 (57.2) 1.01 0.315

  >30% 17 (34.7) 68 (42.8)  

Hb (g/L)

  ⩽85 17 (34.7) 83 (52.2) 4.599 0.032

  >85 32 (65.3) 76 (47.8)  

PLT (×109/L)

  ⩽100 8 (16.3) 42 (26.4) 2.088 0.148

  >100 41 (83.7) 117 (73.6)  

WBC (×109/L)

  ⩽4 13 (26.5) 35 (22.0) 0.431 0.512

(Continued)
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Characteristics MM without SMF (n = 49) MM with SMF (n = 159) χ2 p

  >4 36 (73.5) 124 (78.0)  

NLR

  ⩽2.39 32 (65.3) 98 (61.6) 0.215 0.643

  >2.39 17 (34.7) 61 (38.4)  

MLR

  ⩽0.18 18 (36.7) 54 (34.0) 0.127 0.721

  >0.18 31 (63.3) 105 (66.0)  

PLR

  ⩽61.6 5 (10.2) 45 (28.3) 6.719 0.01

  >61.6 44 (89.8) 114 (71.7)  

ALB (g/L)

  ⩽35 28 (57.1) 88 (55.3) 0.049 0.825

  >35 21 (42.9) 71 (44.7)  

Cr (umol/L)

  ⩽177 36 (73.5) 119 (74.8) 0.037 0.847

  >177 13 (26.5) 40 (25.1)  

LDH (U/L)

  ⩽200 37 (75.5) 112 (70.4) 0.474 0.491

  >200 12 (24.5) 47 (29.6)  

Ca (mg/L)

  ⩽2.75 42 (85.7) 134 (84.3) 0.059 0.807

  >2.75 7 (14.3) 25 (15.7)  

β2-MG (mg/L)

  ⩽5.5 28 (57.1) 83 (52.2) 0.368 0.544

  >5.5 21 (42.9) 76 (47.8)  

ALB, albumin; BMPC, Bone marrow plasma cell; DS, Durie-Salmon System; FISH, Fluorescence in situ hybridization; ISS, 
International Staging System; LDH, lactate dehydrogenase; MLR, monocyte-lymphocyte ratio; MM, multiple myeloma; 
NLR, neutrophil-lymphocyte ratio; PLR, platelet-lymphocyte ratio; PLT, platelet; SMF, secondary myelofibrosis; β2-MG, 
microglobulin.

Table 1.  (Continued)
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Table 2.  Comparison of immune typing and cytogenetics in MM-SMF (cases, %).

Characteristics MM without SMF (n = 49) MM with SMF (n = 159) χ2 p

Immunophenotyping

  CD56

    Positive 21 (77.8) 54 (51.4) 6.078 0.014

    Negative 6 (22.2) 51 (48.6)  

  CD117

    Positive 2 (8.0) 21 (21.2) 2.306 0.129

    Negative 23 (92.0) 78 (78.8)  

FISH

  IgH

    Positive 16 (66.7) 50 (56.8) 0.756 0.385

    Negative 8 (33.3) 38 (43.2)  

  P53

    Positive 3 (12.5) 8 (9.1) 0.247 0.619

    Negative 21 (87.5) 80 (90.9)  

  RB-1

    Positive 12 (50.0) 34 (38.6) 1.006 0.316

    Negative 12 (50.0) 54 (61.4)  

  1q

    Positive 9 (37.5) 53 (60.2) 3.941 0.047

    Negative 15 (62.5) 35 (39.8)  

Chromosome karyotype

  Complex karyotype 4 (8.7) 34 (24.3) 5.177 0.023

  Others 42 (91.3) 106 (75.7)  

MM, multiple myeloma; SMF, secondary myelofibrosis.

Table 3.  Comparison of the degree of myeloproliferation in MM-SMF (cases, %).

Bone marrow hyperplasia MM without  
SMF (n = 49)

MM with SMF  
(n = 159)

p

Hypoplasia/extreme hypoplasia 16 (32.7) 16 (10.1) 0

Marked hyperplasia/active proliferation 25 (51.0) 70 (44.0) 0.39

Extremely hyperplasia 8 (16.3) 73 (45.9) 0

MM, multiple myeloma; SMF, secondary myelofibrosis.
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stages I–III, complex karyotypes, CD56−, P53+, 
1q amplification, PLT ⩽ 100 × 109/L, NLR > 2.39, 
MLR ⩽ 0.18, PLR ⩽ 61.6, Ca > 2.75 mmol/L, and 
LDH > 200 U/L demonstrated significantly shorter 
OS (p < 0.05; Supplemental Table S1).

Multivariate analysis showed that NLR > 2.39 
and MLR ⩽ 0.18 were independent adverse 
prognostic factors for PFS, while P53+, 
NLR > 2.39, and MLR ⩽ 0.18 were independent 
adverse prognostic factors for OS (Supplemental 
Table S2).

The effect of MF on the prognosis and survival
The survival analysis demonstrated that the 
median PFS for patients with MF-0, MF-1, 
MF-2, and MF-3 was 46, 25, 19, and 9 months, 
respectively (p = 0.040; Figure 1(a)). The median 
OS for these groups was 57, 40, 24, and 12 months, 
respectively (p = 0.097; Figure 1(b)). Importantly, 
the MM-SMF group had significantly shorter 
median PFS and OS compared to the non-MM-
SMF group. The median PFS in the MM-SMF 
group was 22 months compared to 46 months in 
the non-MM-SMF group (p = 0.027; Figure 1(c)). 
The median OS in the MM-SMF group was 
40 months compared to 57 months in the non-
MM-SMF group (p = 0.025; Figure 1(d)).

To investigate the impact of immune-inflamma-
tory markers on prognosis in MM-SMF patients, 
several indicators including NLR, MLR, PLR, 
C-reactive protein (CRP), CD56, and CD117 
were analyzed. The results revealed that in the 
MM-SMF group, NLR > 2.39, MLR ⩽ 0.18, 
PLR ⩽ 61.6 all significantly shortened both PFS 
and OS (p < 0.05; Figure 2). Negative expression 
of CD56 affected the median OS of MM-SMF 
patients, leading to a significantly shorter OS 
(p < 0.05), although the median PFS related to 
CD56 expression did not show significant 

differences (p > 0.05). No statistically significant 
differences were observed in the expression of 
CRP and CD117 among MM-SMF patients 
(p > 0.05). These findings suggest that immune-
inflammatory indicators have prognostic implica-
tions in MM-SMF patients, specifically NLR, 
MLR, PLR, and CD56 expression.

Treatment of MM with MF
To investigate the impact of bortezomib or lena-
lidomide-based therapy on the prognosis of 
MM-SMF patients, survival analysis was con-
ducted. In MM-SMF patients, bortezomib-based 
treatment did not significantly affect prognosis 
(median PFS: 21 months vs 29 months, p = 0.292; 
median OS: 40 months vs 33 months, p = 0.988; 
Figure 3(a) and (b)). Conversely, the lenalido-
mide-based regimen significantly extended 
median OS in MM-SMF patients (45 months vs 
33 months, p = 0.044), while no significant differ-
ence was observed in median PFS (25 months vs 
21 months, p = 0.157; Figure 3(c) and (d)).

Discussion
The clonal proliferation of plasma cells in MM 
leads to impaired production of healthy blood 
cells, resulting in anemia. Additionally, the 
growth of abnormal plasma cells in the bone mar-
row can cause osteolytic lesions, frequent frac-
tures, and elevated blood calcium levels due to 
bone breakdown. The accumulation of the M 
protein produced by malignant plasma cells can 
also impair kidney function.13 Immune dysfunc-
tion in MM patients increases their susceptibility 
to infections. While the introduction of immu-
nomodulators, proteasome inhibitors, and CD38 
monoclonal antibodies has slowed disease pro-
gression and extended survival, most patients 
eventually succumb to the disease, and some may 
experience treatment-related complications.

Table 4.  Comparison of curative effects in MM-SMF (cases, %).

Constituencies MM without SMF (n = 49) MM with SMF (n = 159) χ2 p

Overall response rate

  Response rate 40 (81.6) 105 (66.0) 4.314 0.038

  Inefficiency 9 (18.4) 54 (34.0)  

MM, multiple myeloma; SMF, secondary myelofibrosis.
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Considering the high frequency of MM-SMF 
and the escalating global prevalence of MM, it 
is crucial to emphasize the significance of 
addressing MM-SMF in clinical practice.10,14 
The clinical manifestations of SMF predomi-
nantly rely on the underlying primary disease. 
Typically, the degree of MF observed in SMF is 
lower compared to PMF, with the majority of 
cases classified as MF-2 grade, while only a 
small proportion progress to MF-3 grade.15 Our  
study discovered that 77.6% of NDMM patients 
had MF, primarily at the MF-1 grade. 
Myeloproliferation was more active in the 
MM-SMF group compared to the non-MM-
SMF group. Subramanian et al.16 revealed that 

the median survival time for MM-SMF is only 
11 months. Additionally, the research findings 
indicate that fibrous tissue hyperplasia has been 
observed in the bone marrow of MM patients, 
with varying degrees of proliferation, and some 
patients experienced a decrease in MF after treat-
ment.17 The two-year survival rate of MM-SMF 
patients is significantly lower than that of non-
MM-SMF patients (75% vs 95%). Another 
study found that MF was present in 48.2% of 
NDMM patients, with shorter median PFS and 
OS in patients with MF compared to those with-
out MF (21.1 and 45.1 months vs 30.2 and 
61.2 months).18 In our study, we discovered that 
anemia incidence was significantly higher in  

Figure 1.  Prognosis and survival curves in patients with MF. (a) Progression-free survival between grades 
of MF. (b) Overall survival between grades of MF. (c) Progression-free survival between patients with 
myeloma with or without myelofibrosis. (d) Overall survival between patients with myeloma with or without 
myelofibrosis.
MF, myelofibrosis.
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the MM-SMF group, along with higher propor-
tions of CD56−, complex karyotypes, and 1q 
amplification. The non-MM-SMF group exhib-
ited better therapeutic outcomes. As the degree 
of MF increased, median PFS significantly 
decreased (p = 0.040), although median OS did 
not show a significant difference (p = 0.091). 
Univariate analysis indicated that the MM-SMF 

group had significantly shorter median PFS and 
OS compared to the non-MM-SMF group. 
However, in multivariate analysis, MF was not 
identified as an independent poor prognostic fac-
tor for NDMM. This may be attributed to the 
limited sample size, short follow-up period, and 
single-center nature of this study, suggesting the 
need for a larger sample size and extended 

Figure 2.  Effect of inflammatory markers on patients with MM-SMF. (A) Progression-free survival of NLR 
among MM-SMF patients. (b) Overall survival of NLR among MM-SMF patients. (c) Progression-free survival 
of MLR among patients with MM-SMF. (d) Overall survival of MLR between MM-SMF patients. (e) Progression-
free survival of PLR among patients with MM-SMF. (f) Overall survival of PLR among MM-SMF patients.
MLR, monocyte-lymphocyte ratio; MM, multiple myeloma; NLR, neutrophil-lymphocyte ratio; PLR, platelet-lymphocyte ratio; 
SMF, secondary myelofibrosis.
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follow-up for further analysis. These findings 
emphasize the poor prognosis associated with 
MF in MM patients, with worse outcomes 
observed as the degree of MF increases.

Inflammation-related responses play a critical 
role in the development of MF.19 Tumor-
associated macrophages support angiogenesis 
and mediate immunosuppression to protect 
tumor cells from apoptosis. Reduced lympho-
cyte counts lead to decreased immunity.20,21 
MLR has been associated with various malig-
nancies, including lymphoma, lung cancer, and 
nasopharyngeal carcinoma.22,23 Increased NLR 
indicates an enhanced inflammatory response 
and reduced body immunity, contributing to 

tumor occurrence and progression.24,25 Several 
studies have demonstrated the significance of 
NLR, MLR, and PLR in the prognosis of 
MM.26–28 Platelets promote tumor cell growth 
and metastasis by secreting growth factors and 
interacting with tumor cells.29,30 In the context 
of MF, higher leukocytes and lower platelet lev-
els are considered poor prognostic factors.31,32 A 
study on NLR and PLR in MF showed that high 
NLR and low PLR were independent poor prog-
nostic factors in MF patients.33 The present 
study found that high NLR, low MLR, and low 
PLR significantly shortened median PFS and 
OS in MM-SMF patients. In studies investigat-
ing the levels of CRP in patients with PMF and 
polycythemia vera/primary thrombocythemia 

Figure 3.  Effects of different treatment modalities in patients with MM-SMF. (a) Progression-free survival 
with bortezomib in patients with MM-SMF. (b) Overall survival of bortezomib in patients with MM-SMF. (c) 
Progression-free survival of lenalidomide in patients with MM-SMF. (d) Overall survival of lenalidomide in 
patients with MM-SMF.
MM, multiple myeloma; SMF, secondary myelofibrosis.
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with fibrosis, it has been observed that fibrotic 
patients exhibit elevated levels of high-sensitivity 
CRP.34 In this study, it was observed that 
MM-SMF patients with high NLR, low MLR, 
and low PLR exhibited significantly shortened 
median PFS and OS. While CRP levels did not 
show a significant difference among MM-SMF 
patients, it is worth noting that inflammation 
plays a crucial role in MF development. 
Inflammatory markers may reflect bone marrow 
proliferation itself rather than the degree of 
inflammation, offering a new direction  
for research on the pathogenesis and treatment  
of MF.

Bortezomib, a proteasome inhibitor, has been 
shown to reduce TGF-β1, bone sclerosis, and 
cytokines in a mouse model of MF, resulting in 
increased survival.35 However, clinical efficacy of 
bortezomib in MF has been lacking, as demon-
strated in phase I and II trials, where significant 
efficacy was not observed.36,37 Consistently, this 
study also found no significant improvement in 
the poor prognosis of MM-SMF patients with 
bortezomib-based therapy, underscoring the need 
for further research in this area.

Immunomodulatory agents have been shown to 
effectively inhibit the activity of NF-kB, a key 
transcription factor involved in promoting inflam-
mation and apoptosis. In the context of MF, these 
agents play a crucial role in suppressing circulat-
ing levels of pro-inflammatory and apoptotic 
cytokines such as IL-2R, IL-6, IL-10, IL-8, trans-
forming growth factor-β (TGF-β), and tumor 
necrosis factor-α (TNF-α).38 Several clinical tri-
als have reported encouraging outcomes with 
lenalidomide-based therapy, either as a mono-
therapy or in combination with short-term ster-
oids, resulting in reductions in MF.39–41 Our 
study further supports the efficacy of lenalido-
mide-based treatment, revealing a significant 
extension in the median survival time of patients 
with MF. However, it is important to acknowl-
edge the limited number of existing studies on 
lenalidomide’s role in MF; therefore, necessitat-
ing larger-scale multicenter investigations to elu-
cidate its mechanism and potential benefits in 
MF.

Ruxolitinib, an oral JAK1/JAK2 inhibitor, is used 
to treat adults with intermediate or high-risk MF, 
including primary MF, postpolycythemia vera 

MF, and postessential thrombocythemia MF. 
Ruxolitinib has been shown to not only improve 
splenomegaly and the burdensome symptoms 
associated with MF but also increase OS.42–44 In 
recent years, the JAK family has been shown to 
play a role in the pathogenesis of MM. Cytokines 
in the bone marrow of MM patients have been 
shown to activate the JAK/STAT signaling path-
way in tumor cells, promoting tumor growth, sur-
vival, and drug resistance.45 JAK kinases play a 
crucial role in transmitting signals from cytokine 
and growth factor receptors to the nucleus.46 
Ruxolitinib combined with lenalidomide and 
dexamethasone has been shown to reduce the 
proliferation of MM cell lines U266 and 
RPMI8226, as well as primary tumor cells from 
MM patients. This inhibitory effect is greater 
when these drugs are used in combination com-
pared to single-agent therapy.47 A phase I trial 
using ruxolitinib combined with lenalidomide 
and methylprednisolone in relapsed/refractory 
multiple myeloma (RRMM) patients who had 
been treated with lenalidomide/steroids and pro-
teasome inhibitors found that the JAK inhibitor 
ruxolitinib can overcome resistance to lenalido-
mide and steroids in RRMM patients.48 In our 
future treatment processes, we can use ruxolitinib 
based on the patient’s condition, observe the effi-
cacy and adverse reactions, and explore treatment 
regimens that are more beneficial for MM 
patients.

In summary, the complex nature of MM calls for 
a deeper understanding of prognostic factors 
and individualized treatment approaches. MF’s 
role in disrupting the bone marrow microenvi-
ronment adds another layer of complexity to the 
disease. MF is strongly associated with an unfa-
vorable prognosis in NDMM patients and serves 
as a valuable prognostic indicator for predicting 
survival outcomes. The presence of MF corre-
lates with PLR, while NLR, MLR, and PLR all 
serve as poor prognostic factors in NDMM 
patients with MF. Despite advancements in 
novel therapeutics, bortezomib-based therapy 
fails to significantly improve the dismal progno-
sis observed in MF patients. Conversely, lenalid-
omide-based therapy shows promise in extending 
median survival time for MF patients. As 
research into the JAK1/JAK2 inhibitor ruxoli-
tinib deepens, patients with MF and MM both 
benefit, making it worthwhile to further investi-
gate the treatment effects on SMF patients. 
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Nonetheless, further exploration of treatment 
options is imperative to enhance the prognosis of 
MM patients with MF.

Declarations

Ethics approval and consent to participate
This study was approved by the ethics commit-
tees of the Affiliated Hospital of Qingdao 
University. The ethical approval numbers is 
QYFY WZLL 28045.

Consent for publication
Not applicable.

Author contributions
Han Xu: Data curation; Methodology; Writing 
– original draft.

Yujie Xu: Conceptualization; Writing – original 
draft.

Mengying Wang: Formal analysis; Writing – 
original draft.

Chunxia Mao: Methodology; Writing – review 
& editing.

Junxia Huang: Methodology; Writing – review 
& editing.

Tianlan Li: Investigation; Writing – review & 
editing.

Yan Gao: Investigation; Writing – review & 
editing.

Shanshan Liu: Data curation; Writing – review 
& editing.

Jingjing Zhou: Data curation; Writing – review 
& editing.

Yi Zhang: Data curation; Writing – review & 
editing.

Xianqi Feng: Conceptualization; Methodology; 
Writing – review & editing.

Acknowledgements
The author would like to thank the patients for 
providing consent to use their medical informa-
tion to make this article possible.

Funding
The authors received no financial support for the 
research, authorship, and/or publication of this 
article.

Competing interests
The authors declare that there is no conflict of 
interest.

Availability of data and materials
Data available on request from the authors.

ORCID iD
Han Xu  https://orcid.org/0000-0002-6158- 
1588

Supplemental material
Supplemental material for this article is available 
online.

References
	 1.	 Facon T, Leleu X and Manier S. How I treat 

multiple myeloma in geriatric patients. Blood 
2024; 143: 224–232.

	 2.	 Krishnan SR and Bebawy M. Circulating 
biosignatures in multiple myeloma and their 
role in multidrug resistance. Mol Cancer 2023; 
22(1): 79.

	 3.	 Lucca LE. Multiple myeloma treatment: one 
bridge closer. Blood 2023; 142 (21): 1763–1764.

	 4.	 Cowan AJ, Green DJ, Kwok M, et al. Diagnosis 
and management of multiple myeloma: a review. 
J Am Med Assoc 2022; 327(5): 464–477.

	 5.	 Verma T, Papadantonakis N, Peker Barclift D, 
et al. Molecular genetic profile of myelofibrosis: 
implications in the diagnosis, prognosis, and 
treatment advancements. Cancers (Basel) 2024; 
16(3): 514.

	 6.	 Passamonti F and Mora B. Myelofibrosis. Blood 
2023; 141(16): 1954–1970.

	 7.	 Reilly JT, McMullin MF, Beer PA, et al. 
Guideline for the diagnosis and management 
of myelofibrosis. Br J Haematol 2012; 158(4): 
453–471.

	 8.	 Mesa R, Niblack J, Wadleigh M, et al. 
The burden of fatigue and quality of life in 
myeloproliferative disorders (MPDs): an 
international Internet-based survey of 1179 MPD 
patients. Cancer 2007; 109(1): 68–76.

	 9.	 Jain AG, Zhang L, Bennett JM, et al. 
Myelodysplastic syndromes with bone marrow 
fibrosis: an update. Ann Lab Med 2022; 42(3): 
299–305.

	10.	 Dolgikh TY, Domnikova NP, Tornuev YV, 
et al. Incidence of myelofibrosis in chronic 
myeloid leukemia, multiple myeloma, and 

https://journals.sagepub.com/home/tah
https://orcid.org/0000-0002-6158-1588
https://orcid.org/0000-0002-6158-1588


H Xu, Y Xu et al.

journals.sagepub.com/home/tah	 13

chronic lymphoid leukemia during various phases 
of diseases. Bull Exp Biol Med 2017; 162(4): 
483–487.

	11.	 Thiele J, Kvasnicka HM, Facchetti F,  
et al. European consensus on grading bone 
marrow fibrosis and assessment of cellularity. 
Haematologica 2005; 90(8): 1128–1132.

	12.	 Arber DA, Orazi A, Hasserjian R, et al. The 
2016 revision to the World Health Organization 
classification of myeloid neoplasms and acute 
leukemia. Blood 2016; 127(20): 2391–2405.

	13.	 Silberstein J, Tuchman S and Grant SJ. What is 
multiple myeloma? J Am Med Assoc 2022; 327(5): 
497.

	14.	 Koshiishi M, Kawashima I, Hyuga H, et al. 
Presence of bone marrow fibrosis in multiple 
myeloma may predict extramedullary disease. Int 
J Hematol 2022; 116(4): 544–552.

	15.	 Huang Y, Sun J, Yang J, et al. Morphology 
of bone marrow in patients with secondary 
myelofibrosis and primary myelofibrosis and its 
clinical significance. J Shanxi Med Univ 2012; 
43(6): 453–456.

	16.	 Subramanian R, Basu D and Dutta TK. 
Significance of bone marrow fibrosis in multiple 
myeloma. Pathology 2007; 39(5): 512–515.

	17.	 Zhao J, Ma L and Guan JH. Pathological 
characteristics of bone marrow in multiple 
myeloma patients with secondary myelofibrosis 
and their relationship with prognosis. Chin J Exp 
Hematol 2017; 25(4): 1080–1085.

	18.	 Paul B, Zhao Y, Loitsch G, et al. The impact 
of bone marrow fibrosis and JAK2 expression 
on clinical outcomes in patients with newly 
diagnosed multiple myeloma treated with 
immunomodulatory agents and/or proteasome 
inhibitors. Cancer Med 2020; 9(16): 5869–5880.

	19.	 Masarova L, Verstovsek S, Kantarjian H, 
et al. Immunotherapy based approaches in 
myelofibrosis. Expert Rev Hematol 2017; 10(10): 
903–914.

	20.	 Shin SJ, Roh J, Kim M, et al. Prognostic 
significance of absolute lymphocyte count/
absolute monocyte count ratio at diagnosis in 
patients with multiple myeloma. Korean J Pathol 
2013; 47(6): 526–533.

	21.	 Berardi S, Ria R, Reale A, et al. Multiple 
myeloma macrophages: pivotal players in the 
tumor microenvironment. J Oncol 2013; 2013: 
183602.

	22.	 Lu C, Chen Q, Li J, et al. The prognostic role of 
lymphocyte to monocyte ratio (LMR) in patients 

with Myelodysplastic Neoplasms. Hematology 
2023; 28(1): 2210929.

	23.	 Porrata LF, Ristow K, Colgan JP, et al. 
Peripheral blood lymphocyte/monocyte ratio 
at diagnosis and survival in classical Hodgkin’s 
lymphoma. Haematologica 2012; 97(2): 262–269.

	24.	 Cerwenka A and Lanier LL. Natural killer cell 
memory in infection, inflammation and cancer. 
Nat Rev Immunol 2016; 16(2): 112–123.

	25.	 Wang D and DuBois RN. Immunosuppression 
associated with chronic inflammation in the 
tumor microenvironment. Carcinogenesis 2015; 
36(10): 1085–1093.

	26.	 Solmaz S, Uzun O, Sevindik OG, et al. The 
effect of haemoglobin, albumin, lymphocyte 
and platelet score on the prognosis in patients 
with multiple myeloma. Int J Lab Hematol 2023; 
45(1): 13–19.

	27.	 Ren L, Xu J, Li J, et al. A prognostic model 
incorporating inflammatory cells and cytokines 
for newly diagnosed multiple myeloma patients. 
Clin Exp Med 2023; 23(6): 2583–2591.

	28.	 Zhang L, Chen S, Wang W, et al. Inflammatory 
and nutritional scoring system for predicting 
prognosis in patients with newly diagnosed 
multiple myeloma. J Inflamm Res 2023; 16: 7–17.

	29.	 Egan K, Crowley D, Smyth P, et al. Platelet 
adhesion and degranulation induce pro-survival 
and pro-angiogenic signalling in ovarian cancer 
cells. PLoS One 2011; 6(10): e26125.

	30.	 Anandi VL, Ashiq KA, Nitheesh K, et al. 
Platelet-activating factor promotes motility in 
breast cancer cells and disrupts non-transformed 
breast acinar structures. Oncol Rep 2016; 35(1): 
179–188.

	31.	 Cervantes F, Dupriez B, Pereira A, et al. 
New prognostic scoring system for primary 
myelofibrosis based on a study of the 
International Working Group for Myelofibrosis 
Research and Treatment. Blood 2009; 113(13): 
2895–2901.

	32.	 Gangat N, Caramazza D, Vaidya R, et al. DIPSS 
plus: a refined Dynamic International Prognostic 
Scoring System for primary myelofibrosis that 
incorporates prognostic information from 
karyotype, platelet count, and transfusion status. 
J Clin Oncol 2011; 29(4): 392–397.

	33.	 Lucijanic M, Cicic D, Stoos-Veic T, et al. 
Elevated neutrophil-to-lymphocyte-ratio and 
platelet-to-lymphocyte ratio in myelofibrosis: 
inflammatory biomarkers or representatives of 
myeloproliferation itself? Anticancer Res 2018; 
38(5): 3157–3163

https://journals.sagepub.com/home/tah


Volume 15

14	 journals.sagepub.com/home/tah

Therapeutic Advances in 
Hematology

	34.	 Barbui T, Carobbio A, Finazzi G, et al.  
Elevated c-reactive protein is associated with 
shortened leukemia-free survival in patients  
with myelofibrosis. Leukemia 2013; 27(10): 
2084–2086.

	35.	 Wagner-Ballon O, Pisani DF, Gastinne T, et al. 
Proteasome inhibitor bortezomib impairs both 
myelofibrosis and osteosclerosis induced by 
high thrombopoietin levels in mice. Blood 2007; 
110(1): 345–353.

	36.	 Barosi G, Gattoni E, Guglielmelli P, et al. Phase 
I/II study of single-agent bortezomib for the 
treatment of patients with myelofibrosis. Clinical 
and biological effects of proteasome inhibition. 
Am J Hematol 2010; 85(8): 616–619.

	37.	 Mesa RA, Verstovsek S, Rivera C, et al. 
Bortezomib therapy in myelofibrosis: a phase II 
clinical trial. Leukemia 2008; 22(8): 1636–1638.

	38.	 Tefferi A, Vaidya R, Caramazza D, et al. 
Circulating interleukin (IL)-8, IL-2R, IL-12, 
and IL-15 levels are independently prognostic in 
primary myelofibrosis: a comprehensive cytokine 
profiling study. J Clin Oncol 2011; 29(10): 
1356–1363.

	39.	 Mesa RA, Yao X, Cripe LD, et al. Lenalidomide 
and prednisone for myelofibrosis: Eastern 
Cooperative Oncology Group (ECOG) phase 2 
trial E4903. Blood 2010; 116(22): 4436–4438.

	40.	 Quintas-Cardama A, Kantarjian HM, Manshouri 
T, et al. Lenalidomide plus prednisone results in 
durable clinical, histopathologic, and molecular 
responses in patients with myelofibrosis. J Clin 
Oncol 2009; 27(28): 4760–4766.

	41.	 Tefferi A, Cortes J, Verstovsek S, et al. 
Lenalidomide therapy in myelofibrosis with myeloid 
metaplasia. Blood 2006; 108(4): 1158–1164.

	42.	 Harrison C, Kiladjian JJ, Al-Ali HK, et al. JAK 
inhibition with ruxolitinib versus best available 
therapy for myelofibrosis. New Engl J Med 2012; 
366(9): 787–798.

	43.	 Verstovsek S, Mesa RA, Gotlib J, et al. A double-
blind, placebo-controlled trial of ruxolitinib for 
myelofibrosis. New Engl J Med 2012; 366(9): 
799–807.

	44.	 Verstovsek S, Kiladjian J, Vannucchi A, et al. 
Does early intervention in myelofibrosis impact 
outcomes? A pooled analysis of the Comfort 
I and II studies. Blood 2021; 138(Suppl. 1): 
1505–1505.

	45.	 Li J, Favata M, Kelley JA, et al. INCB16562, 
a JAK1/2 selective inhibitor, is efficacious 
against multiple myeloma cells and reverses the 
protective effects of cytokine and stromal cell 
support. Neoplasia 2010; 12(1): 28–38.

	46.	 Baker SJ, Rane SG and Reddy EP. 
Hematopoietic cytokine receptor signaling. 
Oncogene 2007; 26(47): 6724–6737.

	47.	 Chen H, Sanchez E, Li M, et al. Increased M2 
macrophages in multiple myeloma patients 
with progressive disease and down-regulated 
polarization with the JAK2 inhibitor ruxolitinib. 
Blood 2014; 124(21): 4106–4106.

	48.	 Berenson JR, To J, Spektor TM, et al. A phase I 
study of ruxolitinib, lenalidomide, and steroids for 
patients with relapsed/refractory multiple myeloma. 
Clin Cancer Res 2020; 26(10): 2346–2353.

Visit Sage journals online 
journals.sagepub.com/
home/tah

 Sage journals

https://journals.sagepub.com/home/tah
https://journals.sagepub.com/home/tah
https://journals.sagepub.com/home/tah

