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Endothelial progenitor cell number and ERK phosphorylation serve as predictive
and prognostic biomarkers in advanced hepatocellular carcinoma patients treated
with sorafenib
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ABSTRACT
Sorafenib is an oral anti-angiogenic multi-kinase inhibitor used for systemic therapy in patients with
advanced hepatocellular carcinoma (HCC) who are not suitable candidates for surgery or liver
transplantation. An earlier study conducted with HCC tumor tissue suggested that ERK phosphorylation
(pERK), a downstream target of sorafenib, may serve as a potential biomarker for therapeutic efficacy of
sorafenib. However, no study thus far has utilized a minimal invasive procedure to predict HCC patient
responsiveness to sorafenib. We evaluated the biomarker utility of circulating endothelial progenitor cells
(EPCs) frequency and intracellular pERK levels in EPCs in peripheral blood obtained pre- and post-
sorafenib therapy or after transarterial chemoembolistaion (TACE). A statistically significant reduction in
the level of ERK phosphorylation and in the absolute number of EPCs was detected following in vivo
sorafenib treatment (p < 0 .01 for both). In contrast, the decrease in the level of ERK phosphorylation and
EPC number was either marginally significant or insignificant in patients treated with TACE (p D 0.05 and
0.06, respectively). In vitro sorafenib treatment of pre- and post-samples from the same patient cohort
inhibited ERK phosphorylation levels in EPCs and decreased the number of EPCs at all doses tested (p D
0.01). Our findings support that the evaluation of both the circulating EPC frequency and the level of ERK
phosphorylation in EPCs may serve as potential non-invasive biomarkers of sorafenib efficacy, both as
predictor of treatment outcome and efficacy during drug treatment.
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Introduction

Hepatocellular carcinoma (HCC) is the fifth-most common
cancer and the third leading cause of cancer-related mortality
globally.1 Major etiological factors include chronic hepatitis,
either due to chronic hepatitis B (HBV) or hepatitis C (HCV)
viral infection, or excessive alcohol consumption. HCC
patients are frequently diagnosed at a late stage of disease pro-
gression or with deteriorated liver function, thereby, preclud-
ing surgical intervention. Liver transplantation is indicated
only for patients at the initial stage of disease development
and its application is critically dependent on availability of
donor liver. Treatment options for patients with advanced
stage disease are limited to chemoembolization or systemic
therapy with sorafenib, an oral anti-angiogenic agent which is
the mainstay of treatment for these patients. Sorafenib was the
first drug to show improvement in both progression free and
overall survival among patients with advanced disease.2

Although these treatment approaches have led to improved
clinical response rates, treatment associated toxicities are fre-
quent, requiring dose interruptions and reductions for the
majority of patients. Survival remains less than 1 y for patients

with advanced stage disease who are eligible for such molecu-
larly targeted therapies.

One characteristic feature of HCC is abundant angiogenesis
and tumor neovascularization. Pro-angiogenic signaling through
the RAF/MEK/ERK kinase cascade is critically important in the
development and progression of HCC. Phosphorylated ERK
(pERK) is the key downstream component of the RAF/MEK/
ERK signaling pathway, which serves as the main target for the
multi-kinase inhibitor sorafenib. This drug has a dual mechanism
of action; inhibition of tumor cell proliferation and angiogenesis.
Sorafenib inhibits the RAF serine–threonine kinases and blocks
signaling via the RAF/MEK/ERK pathway. A phase II study in
HCC patients has shown that patients whose tumors expressed
higher baseline ERK levels had a longer time to tumor progression
following treatment with sorafenib.3 Thus, tumors containing
higher levels of pERK were more responsive to sorafenib treat-
ment, suggesting that levels of pERK may be a useful biomarker of
efficacy of sorafenib treatment.

Tumor neovascularization is dependent on the recruitment
and proliferation of endothelial cells. Several studies have
demonstrated that endothelial progenitor cells (EPCs) are

CONTACT Yasmin Thanavala yasmin.thanavala@roswellpark.org Department of Immunology, Roswell Park Cancer Institute, Elm and Carlton Streets, Buffalo,
NY 14263, USA.

Supplemental data for this article can be accessed on the publisher’s website.
© 2016 Taylor & Francis Group, LLC

ONCOIMMUNOLOGY
2016, VOL. 5, NO. 10, e1226718 (8 pages)
http://dx.doi.org/10.1080/2162402X.2016.1226718

http://dx.doi.org/10.1080/2162402X.2016.1226718
http://dx.doi.org/10.1080/2162402X.2016.1226718


mobilized from the bone marrow by VEGF and home to the
site of tumor neovascularization.4-6 Circulating EPCs have
been detected in a wide variety of malignant diseases such as
multiple myeloma,7 metastatic renal cell carcinoma,8 and non-
small cell lung cancer.9 In patients with advanced-stage HCC,
high levels of circulating EPCs were found to be associated
with poor survival and elevated levels of circulating EPCs
were noted in patients with un-resectable HCC as compared
to patients with resectable HCC or those with liver cirrhosis.10

In patients with metastatic colorectal cancer, low levels of cir-
culating EPCs correlated with treatment outcome with bevaci-
zumab (anti-VEGF) in combination with chemotherapy.11

Bevacizumab reduces bone marrow-dependent tumor vasculo-
genesis by reducing EPC mobilization from bone marrow into
peripheral blood and by reducing the proliferation of circulat-
ing EPCs.

The rationale of our investigation was to evaluate the predic-
tive and prognostic changes in ERK phosphorylation levels and
in the number of circulating EPCs in advanced HCC patients
receiving sorafenib treatment by using an innovative and mini-
mally invasive bench-to-bedside approach. We reasoned that
the validation of reduction in the baseline pERK levels in EPCs
following in vitro treatment with sorafenib could serve as a pre-
dictive biomarker of the in vivo response to sorafenib. Being a
key downstream component for the RAF/MEK/ERK signaling

pathway, changes in pERK levels would therefore reflect the
functional activity of this signaling pathway as well as the
extent of inhibition by sorafenib. Thus, decreased EPC ERK
phosphorylation detected in the PBMC of patients following
sorafenib treatment could be reflective of the in vivo efficacy of
the therapy.

Results

Inhibition of ERK phosphorylation by sorafenib

We characterized live EPC by exclusion of a viability dye and a
CD45lowCD146CCD133CCD31CCD34C phenotype (Fig. 1).
Representative plots demonstrating sorafenib (5 mM) or TACE
specific inhibition of pERK levels in EPCs are shown in Fig. 1.
Our in vitro dose response experiments demonstrated that
sorafenib inhibited ERK phosphorylation in EPCs even at the
lowest dose tested (5 mM). Additional inhibition was not
achieved by increasing sorafenib concentration (Fig. 2A). The
inhibitory effect of sorafenib on pERK was statistically signifi-
cant at all the doses tested as compared to the patient’s own
baseline control (p < 0 .01 for all, Fig. 2A). These data demon-
strate a cell specific target of sorafenib.

The in vitro study was carried out to develop a model to
predict in vivo response at the optimal range of sorafenib dose;

Figure 1. Characterization of endothelial progenitor cells (EPCs) from PBMC. Viable cells were gated based on the expression of CD45low CD146C, subsequently CD133C

cells were gated. Zebra plots showing reduction in ERK phosphorylation levels in EPCs of representative HCC patients after sorafenib/TACE treatment.

e1226718-2 S. G. KALATHIL ET AL.



sorafenib administration often necessitates drug de-escalation,
thereby, minimizing long term efficacy. Based on the in vitro
results, we predicted that sorafenib treatment will likely result
in a decline in pERK levels of EPC in vivo. This prediction was
confirmed by in our findings of significant decreases in the level of
ERK phosphorylation detected in the samples collected after sora-
fenib therapy as compared to pre-treatment samples (p < 0 .01,
Fig. 1, Fig. 2B). Although reduction in ERK phosphorylation corre-
lated with overall survival of patients, it nevertheless did not reach
statistical significance (Log-rank p D 0.20, Fig. S1). It is however
worth noting that the four patients with greater than median drop
of pERKC EPC greatly exceeded (>30 months) the median sur-
vival expected for these patients (10.7 months). Collectively, these
results suggest that functional in vitromonitoring of pERK levels in
non-invasively collected blood bio-specimens may be an effective
method to predict responsiveness or resistance to sorafenib.

Effect of sorafenib on the absolute number of EPC

Besides a decrease in pERK levels, in vitro exposure to the lowest
dose of sorafenib, 5 mM, also resulted in a significant decrease in

the absolute numbers of viable EPC (p < 0 .01 for all compari-
sons to 0 mM, Fig. 2C). Similar dose ranges of sorafenib have
been used in previous studies in order to inhibit the induction of
regulatory T cells or T cell proliferation in vitro.12,13 Sorafenib
concentrations in patients normally range between 6 and 12 mM
(pharmacologic concentration).14 Further reduction in EPC
viability was not observed by escalating sorafenib dose beyond
5 mM (Fig. 2C). To our knowledge, this is the first study demon-
strating that sorafenib-mediated abrogation of ERK signaling also
directly impacts EPC viability, thereby, further reducing the pool
of progenitor cells required to sustain tumor angiogenesis. This
result suggested that in vivo therapy with sorafenib should be
successful and result in similar declines in absolute numbers of
EPC. This prediction was confirmed in measurements performed
on patient samples collected post-sorafenib therapy. Not only
does sorafenib treatment have a functional effect on the ERK
signaling pathway, it also has a beneficial impact on the cell
target (EPCs) often implicated in tumor neo-vascularization.
Statistically significant decreases in the absolute numbers of
EPCs were observed when pre- and post-sorafenib treatment
samples were compared (Fig. 2D).

Figure 2. Effect of sorafenib treatment on ERK phosphorylation levels and absolute number of EPC. Pre-treatment samples of PBMC from HCC patients were treated with
different concentrations of sorafenib (0–20 mM) in vitro and (A) the number of pERKC EPC and (C) the absolute number of EPC were measured as described in Materials
and Methods section. Each symbol ( ) represents an individual HCC patient and lines represent mean values for the group. (B) The number of pERKC EPC/mL and (D)
absolute number of EPC in HCC patients before (&) or after treatment (�) with sorafenib (in vivo) was measured as described in the materials and methods.
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TACE decreases ERK phosphorylation in EPCs and reduces
EPC number

Samples obtained from sorafenib naive patients scheduled for
TACE treatment responded to sorafenib treatment (in vitro),
with a significant reduction in the number of ERKC EPCs
(p < 0 .01 for all doses vs. 0 mM, Fig. 3A). To determine if
TACE treatment impacts ERK phosphorylation in vivo, pERK
levels in EPCs were compared in samples collected pre- and
post-TACE treatment. A decrease in the level of ERK
phosphorylation was observed in patients treated with TACE;
however, the difference was only marginally significant
(p D 0.05, Fig. 3B).

In vitro exposure to sorafenib using samples collected from
patients prior to commencement of TACE therapy resulted in
significant reduction in the EPC numbers (p D 0.01 for all
doses vs. 0 mM, Fig. 3C). Similarly, patients treated with TACE
also showed reduction in EPC numbers as compared to their
pre-treatment sample; however, the reduction in EPC numbers
did not achieve statistical significance in these patients
(p D 0.06, Fig. 3D). Importantly, we also determined if patients
who had received TACE retained the ability to respond to in

vitro treatment with sorafenib. In vitro exposure to sorafenib of
post-treatment samples from both sorafenib and TACE
patients resulted in a significant reduction in pERKC EPC
(p D 0.01 for all doses vs. 0 mM, Fig. 4A, C respectively) and
absolute numbers of EPCs (p D 0.01 for all doses vs. 0 mM,
Fig. 4B and D, respectively). These results strongly suggest that
patients treated with TACE may still be candidates for
sorafenib therapy and therefore achieve clinical benefit in the
event of a relapse.

Discussion

It is well established that activation of the RAF/MEK/ERK
signaling pathway is critically important in the development
and progression of HCC and several other malignancies.15 RAF
serine and threonine kinases phosphorylate and activate the
MEK1/2 dual specificity protein kinases which in turn
phosphorylate ERK1/2. Thus, activated ERK is the key down-
stream component of this signaling cascade which is being
targeted by sorafenib.16 Earlier studies investigating the effect
of sorafenib on HCC tumor cells have reported that a favorable
response to sorafenib treatment is predominantly dependent

Figure 3. Effect of TACE on ERK phosphorylation levels and absolute number of EPC. Pre-treatment samples of PBMC from HCC patients (TACE) were treated with differ-
ent concentrations of sorafenib (0–20 mM) in vitro and (A) the number of pERKC EPC and (C) the absolute number of EPCs were measured as described in the Materials
and Methods section. Each symbol ( ) represents an individual HCC patient and lines represent mean values for the group. (B) The number of pERKC EPC/mL and (D)
the absolute number of EPCs in the PBMC of HCC patients before (&) or after TACE (�) were measured as described in the materials and methods.
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on the baseline levels of phosphorylated ERK (pERK) present
in the tumor cells prior to treatment.3,17 However, these earlier
studies were carried out either using archived tumor tissues
from HCC patients who were participants of phase II clinical
trials on sorafenib therapy or using HCC cell lines.17 The
authors suggested that pERK could be a potential biomarker
which could predict the sensitivity of tumors to sorafenib ther-
apy. However, measurement of changes in pERK levels utilizing
HCC cell lines treated with sorafenib may not reliably predict
patient responsiveness to sorafenib. Abou-Alfa et al. studied
the gene expression profiles of HCC patients using RNA
extracted from patient PBMCs; these studies could not eluci-
date any functional roles for the panel of genes that distin-
guished nonprogressors from progressors.3 Thus, their effort to
identify a molecular signature of the tumor, based on the gene
expression pattern of PBMCs that could predict the responsive-
ness to sorafenib treatment, was not successful. A recent study
has reported a reduction in ERK phosphorylation levels using
PBMCs from HCC patients treated with sorafenib plus octreo-
tide, thus, demonstrating the feasibility of molecular screening
studies using peripheral blood.18 Our study is distinguished by

the fact that we measured pERK in EPCs and we utilized sam-
ples from patients prior to and post therapy with sorafenib or
TACE. Since tumor neovascularization is dependent on the
recruitment and proliferation of endothelial cells from bone
marrow,4-6 quantification of the absolute number of circulating
EPCs and pERK in EPCs may have greater relevance than stud-
ies based only on pre-treatment biopsy results. For our studies,
PBMCs isolated from blood samples collected from patients
with advanced HCC who were to commence sorafenib therapy
were the source of EPCs. Our approach represents a surrogate
and minimal invasive method compared to requirement for
tumor biopsies from primary tumor or metastasis used in ear-
lier studies.3 Additionally, this has clinical relevance as the stan-
dard of care for these advanced stage patients does not require
the collection of tumor biopsy. By quantifying pERK levels in
circulating EPCs using multi-color flow cytometry analysis, we
have shown that treatment with sorafenib in vitro resulted in
significant reduction in the levels of pERK on EPCs at all the
concentrations tested as compared to untreated baseline con-
trols. Furthermore, a significant decrease in the level of ERK
phosphorylation was detected in the samples collected

Figure 4. Effect of in vitro sorafenib treatment on ERK phosphorylation levels and absolute number of EPC. PBMC samples from HCC patients after treatment with sorafe-
nib (A, C) or TACE (B, D) were treated with different concentrations of sorafenib (0–20 mM) in vitro and the number of pERKC EPC and absolute number of EPC was mea-
sured as described in the Materials and Methods section. Each symbol ( ) represents an individual HCC patient and lines represent mean values for the group.
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following in vivo sorafenib therapy as compared to the patients’
pre-treatment samples. Since increased levels of circulating
EPCs have been shown to be associated with poor clinical out-
come in HCC, it is tempting to speculate that a decrease in the
number of EPCs as well as the levels of EPC ERK phosphoryla-
tion in post sorafenib treatment sample may be indicative of a
favorable response to sorafenib treatment in HCC patients.
Even though the decline in EPC ERK phosphorylation levels
after sorafenib therapy showed correlation with overall survival
of patients, it did not achieve statistical significance. However,
we have noted that the median survival of >30 months in two
patients with greater than median drop in pERKC EPCs far
exceeds the expected median survival of patients treated with
sorafenib (10.7 months). Sorafenib is a multikinase inhibitor
which is able to antagonize different molecular mechanisms
involved in the progression of HCC by inhibiting RAF and
VEGF-R. Both the quantification of absolute number of EPC as
well as the level of ERK phosphorylation on EPC could serve as
potential biomarkers to predict the antitumor activity of sorafe-
nib and their levels could be correlated with response to ther-
apy. Our study is the first demonstration of this innovative
bench-to-bedside assay with high translational potential.

Out of the eight TACE patients studied, one patient was
resistant to sorafenib treatment in vitro. This patient displayed
an inverse trend in pERK after sorafenib treatment. In this
patient, increase in ERK phosphorylation following sorafenib
treatment could be due to triggering of a feedback pathway that
causes ERK phosphorylation. Protein kinase alpha C can
induce RAF and RAS independent MEK/ERK activation in
human hepatoma cells HepG2.19 A similar type of inverse trend
in ERK phosphorylation has been reported in an earlier study
investigating ERK phosphorylation in PBMCs of HCC patients
treated with sorafenib.18 This indicates that the potential exists
for ERK pathway to be augmented; thus, therapy that also
reduces EPC numbers may be critical as this could overcome
the potential activation of ERK phosphorylation through the
feedback pathway.

In conclusion, reduced number of circulating EPCs after
sorafenib therapy may be an indication of better clinical out-
come. The ex vivo response to sorafenib following TACE that
we have observed validates a role for combination therapy and
may be a way to select patients most likely to benefit. Several
trials of TACE plus anti-angiogenic therapy have thus far not
shown significant clinical benefit; however, the optimal
sequence and biomarkers to select patients and identify patients
for such combined approaches are lacking. Further studies are
justified to correlate the decline in EPC or ERKCEPC numbers
following sorafenib treatment with survival of patients. Our
results suggest that circulating EPC number and the levels of
pERK on EPC have the potential to serve as a minimal invasive
biomarker of sorafenib efficacy, both as a predictor of treatment
outcome and efficacy during drug treatment. Further our data
suggest that patients who received TACE may be benefited
from future sorafenib therapy upon disease progression.

Materials and methods

The study is based on samples from 17 HCC patients treated at
the Roswell Park Cancer Institute (RPCI) between 3/1/12 and

9/17/2013. The study protocol (I 67809) was approved by the
RPCI Institutional Review Board. Informed consent was
obtained in a manner consistent with the World Medical Asso-
ciation Declaration of Helsinki and RPCI standards. Clinical
characteristics of patients including their liver function, stage,
and etiology of cirrhosis are summarized in Table 1. All 17
HCC patients analyzed in this study had locally advanced or
metastatic disease and none had early stage surgically resectable
or transplantable disease. Approximately 30% of patients had
received prior therapies. By radiographic criteria, 7/17 patients
showed no signs of cirrhosis. The remaining 10/17 patients had
some evidence radiographically (CT, MRI, USG. or more than
one) of cirrhosis and none were deemed as surgical candidates.
Eleven of seventeen patients were classified as Child Pugh score
class A, whereas five patients were class B and one was class C.
Partial response was observed in five patients. Another four
had stable disease. The three sorafenib patients with missing
response information died of liver failure before having the req-
uisite response scan. Of the 17 patients, four were still alive at
the last follow up. Median time to death from any cause was 23
months (95% CI: 7–40).

Heparinized peripheral blood samples were obtained from
HCC patients before the initiation of treatment and after four
weeks of sorafenib or TACE treatment, through RPCI Data
Bank and Biorepository. Clinical therapy and baseline demo-
graphic data were recorded. PBMCs were isolated by

Table 1. Clinical characteristics of patients.

Sorafenib TACE ALL
(n D 9) (n D 8) (n D 17)

Age
Median (Min,Max) 64 (53, 81) 69.5 (53, 84) 67 (53, 84)

Sex
Female 1 (11.1%) 1 (12.5%) 2 (11.8%)
Male 8 (88.9%) 7 (87.5%) 15 (88.2%)

Race
White 7 (77.8%) 7 (87.5%) 14 (82.4%)
Black 1 (11.1%) 0 1 (5.9%)
Am Indian, Aleutian, Eskimo 1 (11.1%) 0 1 (5.9%)
Asian Indian 0 1 (12.5%) 1 (5.9%)

Hepatitis B
No 9 (100%) 7 (87.5%) 16 (94.1%)
Yes 0 1 (12.5%) 1 (5.9%)

Hepatitis C
No 4 (44.4%) 4 (50%) 8 (47.1%)
Yes 5 (55.6%) 4 (50%) 9 (52.9%)

Alcohol Use
No 5 (55.6%) 6 (75%) 11 (64.7%)
Yes 4 (44.4%) 2 (25%) 6 (35.3%)

Cirrhosis
No 3 (33.3%) 4 (50%) 7 (41.2%)
Yes 6 (66.7%) 4 (50%) 10 (58.8%)

Previous Treatment
No 6 (66.7%) 6 (75%) 12 (70.6%)
Yes 3 (33.3%) 2 (25%) 5 (29.4%)

ECOG
0 D Normal, no complaints 6 (66.7%) 4 (50%) 10 (58.8%)
1 D Normal with effort 3 (33.3%) 4 (50%) 7 (41.2%)

AJCC Stage
1 2 (22.2%) 1 (12.5%) 3 (17.6%)
2 1 (11.1%) 3 (37.5%) 4 (23.5%)
3 6 (66.7%) 2 (25%) 8 (47.1%)
4A 0 2 (25%) 2 (11.8%)

BCLC Stage
B 8 (88.9%) 6 (75%) 14 (82.4%)
C 1 (11.1%) 2 (25%) 3 (17.6%)
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Ficoll-PaqueTM PLUS density gradient centrifugation of blood
samples (GE Healthcare, Uppsala) as described elsewhere.20

Sorafenib

Sorafenib tosylate (Nexavar, [N-(3-trifluoromethyl-4-chloro-
phenyl)-N-(4-(2-methylcarbamoylyridin-4-yl) oxyphenyl)
urea]) (Bayer HealthCare Pharmaceuticals, Inc.) was dissolved
in 100% dimethyl sulfoxide (DMSO; Sigma, St. Louis, MO,
USA) and diluted with RPMI 1640 to the desired concentration
with a final DMSO concentration of 0.1% (v/v) for in vitro
studies.

Cell culture

PBMC were plated at a concentration of 2.5£105 cells per well
in 96-well microtiter plates. Cells were stimulated with PMA
(20 ng/mL) and 1 mL of 1 mM ionomycin/mL (both Sigma-
Aldrich) and simultaneously different concentrations of sorafe-
nib ranging from 5 mM to 20 mM were added to the wells.
Plates were incubated at 37�C in a humidified incubator con-
taining 5% CO2. Reactions were stopped by fixing the cells at
different time points by addition of 50 mL of cytofix (BD Bio-
sciences, San Jose, CA). DMSO was added to control wells at
0.1% (v/v) as a solvent control. Additional controls included
cultures incubated in cell culture medium without PMA/iono-
mycin and sorafenib or with PMA/ionomycin alone. Cells were
washed and processed for flow cytometry staining.21

Endothelial progenitor cells (EPCs)

FACS analysis was performed to measure the frequencies of
bone marrow derived circulating EPCs and pERK2 positive
EPCs were identified using an eight-color staining protocol.
The following markers were used: APC-H7 CD45, V450 fixable
viability dye, PE pERK, FITC CD31, PE-CF594 CD34, PerCP/
CY5.5 VEGEF-R2, PE-Cy7 CD146 (BD Biosciences, CA), and
APC CD133 (Miltenyi Biotech, CA). Cells were washed and
stained with surface antibody for 30 min at 4�C. After fixation
and permeabilization, intracellular staining for pERK2 was per-
formed according to the manufacturer’s instructions using
intracellular staining kit (eBiosciences, CA). Multi-color flow
cytometry was performed using an LSR-II flow cytometer and
FCS-3 data files were analyzed using Flowjo-10.02 software
(Tree Star, Inc.).22

Statistical analysis

The effect of in vitro sorafenib exposure on EPC and pERK out-
comes was quantified using Linear Mixed models with a ran-
dom patient effect and fixed effects for in vivo treatment
received (sorafenib ref: TACE) and the in vitro sorafenib dose.
The outcomes were log-transformed to satisfy modeling
assumptions. Sidak multiple testing adjustments were applied
to p values for pairwise comparisons of mean outcome variables
across all in vitro dose levels. Adjusted p values less than 0.05
were considered statistically significant. The primary model in
vitro dose model was supported by the pre-treatment samples
only. Models on pre-treatment samples from the in vivo

sorafenib patients gave similar results. Similar models were
specified to assess the effect of in vivo treatment on EPC and
pERK levels. The effects of changes in pERK levels and EPC on
overall survival of patients were explored using Kaplan Meier
methods. The sorafenib and TACE treatments caused a decline
in EPC and pERK for most patients. The patient set was bifur-
cated at the median of the observed post–pre differences. The
Log-rank test was used to compare survival in patients classi-
fied as greater decrease to those with lesser decrease.

All data analyses were generated using SAS/STAT software,
Version 9.4. Copyright 2012, SAS Institute Inc. SAS is a regis-
tered trademark of SAS Institute Inc., Cary, NC, USA.
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