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Abstract
Recent evidence suggests that renal dysfunction may be a direct consequence of primary myelofibrosis (PMF). We performed a
retrospective analysis of 100 patients with previously untreated PMF, receiving frontline treatment with single agent ruxolitinib,
and compared them to 105 patients, receiving frontline treatment with a non-ruxolitinib-based therapy, matched by age, sex,
DIPSS plus, and estimated glomerular filtration rate (eGFR). Use of ruxolitinib associated with a significantly higher rate of renal
improvement (RI) > 10% (73% vs 50%, p = 0.01) confirmed on multivariate analysis (MVA) [odds ratio 3, 95% confidence
interval (CI) 1.6–5.5, p < 0.001]. After a median follow-up of 41 months (range, 1–159 months), median failure-free survival
(FFS) was 14months (range, 1–117months). Achievement of a RI > 10%maintained its independent association with prolonged
FFS on MVA (hazard ratio 1.4, 95% CI 1.1–2, p = 0.02). Ruxolitinib can significantly improve renal function in patients with
PMF, significantly impacting failure-free survival.
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Introduction

Renal dysfunction is commonly observed in primary myelo-
fibrosis (PMF), being reported in up to 33% of patients [1]. Its
etiology is commonly assumed to be secondary to patients’

age and comorbidities [2], treatment-associated compli-
cations (such as infections and tumor lysis syndrome)
[3, 4], or extramedullary hematopoiesis (EMH) causing
post-renal obstruction [5–11] and/or renal parenchymal
infiltration [12–19].

However, recent evidence shows that themost common cause
of renal dysfunction in PMF may be represented by myelopro-
liferative neoplasms-related glomerulopathy (MPN-RG), an en-
tity characterized by mesangial expansion and hypercellularity,
with variable degree of features of chronic thrombotic microan-
giopathy (TMA) and/or intra-capillary EMH, in the absence of
immune-mediated glomerulonephritis [20–22].

To date, the optimal treatment of MPN-RG has not been
defined, as kidney biopsies are rarely performed in patients
with PMF developing renal dysfunction, frequently limited by
the presence of concurrent thrombocytopenia. Case reports
have shown that ruxolitinib may significantly improve renal
function in patients with PMF diagnosed with MPN-RG
[22, 23], but published evidence is limited and sometimes
conflicting [24].

We present here a retrospective single-center analysis of 100
patients with PMF receiving frontline ruxolitinib, and compare
changes in their renal function to those of 105 patients with
PMF receiving frontline non-ruxolitinib-based therapy.
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Methods

Study population

We performed a retrospective analysis of 100 patients with pre-
viously untreated PMF followed atMDAnderson Cancer Center
(MDACC) who received frontline single agent ruxolitinib be-
tween July 2004 and November 2011. A group of 105 patients
with PMF, receiving frontline treatment with a non-ruxolitinib-
based therapy during the same time range and matched by age,
sex, Dynamic International Prognostic Scoring System (DIPSS)
plus, and estimated glomerular filtration rate (eGFR),was used as
control. PMFwas diagnosed according to the 2008WorldHealth
Organization criteria [25], and the DIPSS plus score was
assigned to each patient as previously described [26].
Demographic and clinical information at the time of treatment
initiation were extracted from the MDACC Enterprise
Information Warehouse (EIW) databases. This study was ap-
proved by the Institutional Review Board of MDACC and

conducted in accordance with our institutional guidelines and
the principles of the Declaration of Helsinki.

Renal function

Estimated GFR values were calculated by Modification of
Diet in Renal Disease Study (MDRD) equation at baseline
and serially during treatment. Renal improvement (RI) was
defined as best percentage change in eGFR during treatment
as compared to baseline value.

Statistical analysis

Categorical and continuous variables were compared using the
χ2 or Fisher exact tests and the Mann-Whitney test, as appropri-
ate. Logistic regression was used for multivariate analysis
(MVA) of categorical variables. Failure-free survival (FFS) was
defined as time from treatment initiation to treatment failure or
last follow-up. Survival curveswere calculated using theKaplan-

Table 1 Patients’ baseline
characteristics Patients (N = 205) Number (%), median [range]

Ruxolitinib-treated
(n = 100)

Non ruxolitinib-treated
(n = 105)

p value

Demographic characteristics

Age (years) 65 [40–83] 64 [37–82] 0.91

Males 59 (59) 63 (60) 0.89

Caucasian 94 (94) 95 (90) 0.44

Baseline laboratories

White blood cells (109/L) 18 [3–159] 21 [4–187] 0.30

Peripheral blasts (%) 0 [0–9] 0 [0–8] 0.94

Hemoglobin (g/dL) 10.2 [7.2–16.9] 10.6 [7.5–16] 0.65

Platelet (109/L) 273 [13–1195] 291 [25–1205] 0.46

Creatinine (mg/dL) 1 [0.5–2.1] 1 [0.4–1.8] 0.45

eGFR (mL/min/1.73 m2) 67 [31–175] 70 [38–160] 0.81

Albumin (g/dL) 4.1 [2.4–4.8] 4 [2.6–4.5] 0.41

Myelofibrosis characteristics

Constitutional symptoms 82 (82) 89 (85) 0.71

Palpable spleen (cm BCM) 19 [0–35] 14 [0–33] 0.16

Palpable liver (cm BCM) 0 [0–30] 0 [0–23] 0.23

Unfavorable cytogenetics 23 (23) 26 (25) 0.87

JAK2V617F allele (%) 61 [0–98] 53 [0–97] 0.17

Bone marrow blasts (%) 1 [0–15] 1 [0–16] 0.76

Transfusion-dependent 24 (24) 26 (25) 0.86

DIPSS Plus

Low 0 (0) 0 (0) 0.75
Intermediate-1 13 (13) 11 (10)

Intermediate-2 53 (53) 50 (48)

High 34 (34) 44 (42)

eGFR, estimated glomerular filtration rate (eGFR); BCM, below the costal margin;DIPSS, dynamic international
prognostic system score
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Meier method; univariable comparisons were made using the
log-rank test, and MVA was performed using Cox regression.

All p values were two-sided and considered significant if
≤ 0.05. Statistical analyses were completed using SPSS 21.

Results

Patients’ baseline characteristics and renal
improvement

The baseline characteristics of 100 patients with previ-
ously untreated PMF, receiving frontline single-agent
ruxolitinib, and included in the study are shown in
Table 1. A group of 105 patients with PMF, matched
by age, sex, DIPSS plus, and eGFR, receiving frontline
therapy with non-ruxolitinib-based therapy, was used as
control; in the control group, regimens included immu-
nomodulatory drugs in 46 patients, small molecule in-
hibitors in 33, and epigenetic modifiers in 26 patients.

Fig. 1 Renal improvement (RI) in study group compared to a control
group matched by age, sex, DIPSS plus, and baseline estimated
glomerular filtration rate

Table 2 Univariate analysis of
factors associated with response
improvement (RI) > 10%

Patients (N = 205) Number (%), median [range]

RI > 10% (n = 125) RI < 10% (80) p value

Demographic characteristics

Age (years) 65 [40–83] 68 [48–86] 0.18

Males 75 (60) 47 (59) 0.89

Caucasian 110 (88) 79 (99) 0.006

Baseline laboratories

White blood cells (109/L) 13 [1–152] 12 [1–159] 0.93

Peripheral blasts (%) 1 [0–20] 1 [0–15] 0.28

Hemoglobin (g/dL) 9.6 [6–16.9] 9.9 [7.6–26.6] 0.63

Platelet (109/L) 232 [10–1600] 210 [11–1350] 0.79

Creatinine (mg/dL) 1 [0.5–2.1] 0.9 [0.5–2.1] 0.05

eGFR (mL/min/1.73 m2) 66 [28–124] 78 [32–175] < 0.001

Albumin (g/dL) 4.1 [2.4–5.1] 4.1 [3.2–4.9] 0.61

Myelofibrosis characteristics

Constitutional symptoms 108 (86) 63 (79) 0.18

Palpable spleen (cm BCM) 15 [0–30] 12 [0–35] 0.19

Palpable liver (cm BCM) 0 [0–20] 0 [0–30] 0.43

Unfavorable cytogenetics 31 (25) 18 (23) 0.87

JAK2V617F allele (%) 54 [0–98] 45 [0–97] 0.12

Bone marrow blasts (%) 1 [0–17] 2 [0–14] 0.93

Transfusion-dependent 43 (34) 35 (44) 0.19

DIPSS plus

Low 0 (0) 0 (0) 0.18
Intermediate-1 13 (10) 3 (4)

Intermediate-2 55 (44) 42 (53)

High 57 (46) 35 (43)

Ruxolitinib therapy 73 (58) 27 (34) 0.001

Significant p-values are indicated in bold

eGFR, estimated glomerular filtration rate (eGFR); BCM, below the costal margin
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Eighty-one (81%) patients receiving frontline ruxolitinib
had an increase in eGFR while on treatment (as com-
pared to baseline) vs 61 (58%) in the control group
(p < 0.001) (Fig. 1). A renal improvement (RI) > 10%
was achieved in 73 (73%) patients in the ruxolitinib group
and 52 (50%) patients in the control group (p = 0.01) (Fig. 1),
after a median time of 11 and 7 months, respectively
(p = 0.32). A RI > 25% was achieved in a small pop-
ulation sample (33% and 23%, respectively).

Factors associated with renal improvement > 10%

The association between baseline characteristics (including
type of treatment) and achievement of a RI > 10% was eval-
uated for all the 205 patients included in the study. On univar-
iate analysis (UVA), factors associated with a RI > 10% were
non-Caucasian race (99% vs 88%, p = 0.006), elevated base-
line serum creatinine (1 mg/dL vs 0.9 mg/dL, p = 0.05), low
baseline eGFR (66 ml/min/1.73 m2 vs 78 mL/min/1.73 m2,
p < 0.001), and use of ruxolitinib (58% vs 34%, p = 0.001)
(Table 2). OnMVA, use of ruxolitinib maintained its indepen-
dent association with a RI > 10% [odds ratio 3, 95% confi-
dence interval (CI) 1.6–5.5, p < 0.001].

Failure-free survival and associated factors

After a median follow-up of 41 months (range, 1–
159 months), all 205 patients failed frontline treatment, and
median FFS was 14 months (range, 1–117 months). The as-
sociation between all baseline characteristics (including type
of treatment), quality of RI, and FFS was evaluated. Factors
associated with prolonged FFS on UVA were intermediate-1
DIPSS plus score as compared to intermediate-2 and high
score (53 months vs 24 months and 6 months, p < 0.001),
use of ruxolitinib (39 months vs 6 months, p < 0.001), and
achievement of a RI > 10% (24 months vs 8 months, p =
0.01) (Fig. 2). Achievement of a RI > 10% maintained its
independent association with prolonged FFS onMVA (hazard
ratio 1.4, 95% CI 1.1–2, p = 0.02).

Discussion

This is the first study showing that ruxolitinib, as compared to
other therapies, can significantly improve renal function in
patients with PMF, significantly impacting FFS.

In our analysis, RI was significantly more prevalent in pa-
tients receiving frontline ruxolitinib, than in patients receiving
frontline non-ruxolitinib-based therapy, despite patients in the
control group were matched by age, sex, DIPSS plus
score and baseline eGFR, and treated during the same time
range at the same institution. The association between the use
of ruxolitinib and RI was also confirmed on MVA.

Observed results are unlikely to be due to ruxolitinib’s in-
trinsic nephroprotective properties. An open label single-dose
study assessing the pharmacokinetics and the pharmacody-
namics of ruxolitnib in healthy subjects and subjects with
various degree of renal impairment has in fact shown
that ruxolitinib is cleared predominantly by hepatic me-
tabolism, with renal excretion being the primary elimination
route for its metabolites, with no direct nephrotoxicity neither
nephroprotection [27].

It is more likely, then, that the observed renal improvement
may have been secondary to the effect exerted by ruxolitinib
on the specific etiology of renal dysfunction in this population.
Recent data have shown that the most common cause of renal
dysfunction in patients with PMF may be represented by
MPN-RG, a PMF-induced glomerulopathy, characterized by
mesangial expansion and hypercellularity with variable
degree of features of chronic TMA [20–22]. While the
etiology of MPN-RG remains largely unknown, many of
the cytokines typically overproduced by megakaryocytes in
patients with PMF [28, 29] have been described as potential
drivers of mesangial expansion and proliferation in other dis-
ease models [30, 31]. To this regard, ruxolitinib is able to
disrupt the production of several cytokines, representing a
potential therapeutic strategy for several immune-mediated
diseases, including rheumatoid arthritis and graft versus host
disease [32, 33], and potentially explaining the higher rate of
RI observed in patients with PMF treated with this agent as
compared to those treated with alternative molecules in our
study. Our findings are supported by case reports and case
series, showing also an improvement in renal function in

Fig. 2 Association between quality of renal improvement (RI) and
failure-free survival (FFS)
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patients with PMF treated with ruxolitinib [22, 23], along with
rebound inflammatory symptoms and worsening renal func-
tion in patients who discontinue this agent [34]. This is unique
to ruxolitinib in PMF, as other kinase inhibitors have instead
shown to favor renal dysfunction in other MPN [35, 36]. To
this regard, given the role played by the JAK/STAT pathway
in the regulation of glomerular permeability, ruxolitinib has
been proposed as a potential treatment also for non-MPN-
associated glomerulopathies [37]. We acknowledge a major
limit to our study, which is the lack of kidney biopsies provid-
ing information about the etiology of renal dysfunction in
evaluated patients.

The RI produced by the use of ruxolitinib in our study was
mostly represented by an increase in eGFR on treatment
> 10% as compared to pre-treatment values, with only a
minority of patients enjoying an improvement > 25%.
While this may be considered a small change, it significantly
associated with prolonged FFS, and it maintained its indepen-
dent association with FFS even on a MVA, similarly to what
observed in other hematological malignancies [38, 39]. We
acknowledge another major limit to our analysis, which is
the variability of eGFR in patients with PMF, and the hetero-
geneous timing of serial blood collections for eGFR assess-
ment, due to the retrospective nature of this study.

In conclusion, this is the first study showing that the use of
ruxolitinib is associated with improved renal function in pa-
tients with PMF. Similarly to what is already done in plasma
cell dyscrasia and more recently in chronic lymphocytic leu-
kemia [40, 41], routine kidney biopsies in patients with PMF
and unexplained renal dysfunction may shed light on its eti-
ology, and help assess the efficacy on ruxolitinib for the
treatment of MPN-RG.
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