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Phosphorylated 4E-BP1 is associated with tumor progression and adverse 
prognosis in colorectal cancer
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Phosphorylation of eukaryotic translation initiation factor 4E (eIF4E)- binding protein (4E-BP1) results in release of 
eIF4E, relieving translational repression and enhancing cancerigenic protein synthesis. This study aim to evaluate the level 
of phosphorylated 4E-BP1 (p-4E-BP1) in colorectal cancer (CRC) and to assess the correlation with clinicopathological fac-
tors and patient survival. The level of p-4E-BP1 was detected by immunohistochemistry and western bolt in patients with 
CRC. Then Cox regression model was used to evaluate the prognostic value of all covariates. Among 164 assessed patients, 
95 (57.9%) patients showed high level of p-4E-BP1. We noted that the level of p-4E-BP1 was significantly associated with 
tumor differentiation, invasive depth, lymph node metastasis and TNM stage. Then we compared the mRNA and protein 
expressions of 4E-BP1 in tumor regions and paired adjacent normal colorectal mucosal tissues in CRC patients. mRNA 
and protein expressions of 4E-BP1 did not differ between colorectal cancer and corresponding normal tissues, while the 
phosphorylation level of 4E-BP1 was markedly increased in CRC. Survival analysis and Cox proportional hazards model 
revealed that p-4E-BP1 was an independent adverse prognostic factor for both overall survival (OS) (HR = 5.414, p = 0.029) 
and progression-free survival (PFS) (HR = 4.754, p = 0.042). Herein, our results indicate that high p-4E-BP1 level is associ-
ated with tumor progression and adverse prognosis. p-4E-BP1 might be a novel biomarker to predict the clinical outcome 
of patients with CRC.
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Colorectal cancer (CRC) is both the third most common 
cancer incidence and cancer death in global [1]. Although 
death rate is decreasing over the past several decades owing 
to screening programs and therapy more than 1.2 million 
patients are diagnosed with CRC and more than 600,000 
patients die from the this disease yearly [2]. Currently, the 
keystone treatment for CRC is surgery for stage I cases, with 
adjuvant radiotherapy and systemic chemotherapy for stages 
II and III. In addition to traditional chemotherapy drugs, 
several targeted monoclonal antibodies such as bevacizumab, 
cetuximab, panitumumab, and capecitabine have been applied 
in the clinic [3]. However, the treatment of CRC is still far 
from ideal [4, 5]. Therefore, the development of prognostic 
and predictive biomarkers is eagerly awaited for the targeted 
therapeutics of CRC.

The activation of cell signaling pathways associated with 
cell growth and proliferation plays a critical role in human 
tumors [6]. In recent years, several biomarkers involved in 

cancer progression and clinical outcome have been used in 
a number of tumors and became potential therapeutic targets, 
including eukaryotic translation initiation factor 4E (eIF4E)-
binding protein (4E-BP1). 4E-BP1 is one of downstream 
molecules that receive convergent signals from several in-
tracellular signal pathways, including phosphatidylinositol–3 
kinase (PI3K)/protein kinase B  (AKT)/mammalian target 
of rapamycin (mTOR) and RAS/mitogen-activated protein 
kinase (MAPK). Above PI3K/AKT/mTOR and RAS/MAPK 
pathway play a key role in transmitting the proliferative signal 
from the membrane receptors to the nucleus and driving cell 
proliferation [7, 8]. 4E-BP1 is phosphorylated by AKT and 
MAPK and then exerts effects on RNA translation and cell 
growth regulation [9, 10]. The role of p-4E-BP1 in cancer ini-
tiation and progression makes it a promising candidate tumor 
biomarker. Recently, several studies have been reported that 
high level of p-4E-BP1 correlates with aggressive pathologic 
grade and adverse prognosis in a  variety of malignancies 
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including esophageal squamous cell carcinoma, astrocytoma, 
renal cell carcinoma, hilar cholangiocarcinoma, small cell 
lung cancer, clear cell renal cell carcinoma and non-small cell 
lung cancer [11-17]. Therefore, the level of p-4E-BP1 in tumor 
cells might indicate its carcinogenic potential. In this study, 
we investigated the level of p-4E-BP1 in CRC and analyzed 
its association with a great deal of clinicopathological factors 
and patient survival.

Patients and methods

Patients and tissue samples. A total of 164 patients with 
CRC who underwent radical or palliative resection at the 
Second Affiliated Hospital of Wenzhou Medical University 
between 2007 and 2009 were included in this study. Neoadju-
vant chemotherapy was not used before surgery in any of the 
cases. Fresh samples from pathologically representative tumor 
regions and paired adjacent normal colorectal mucosal tissues 
were obtained. HE-stained slides were prepared and reviewed 
by two pathologists to ensure the quality of tissue blocks. Pa-
tient tumor characteristics such as histological differentiation 
extent, location, invasive depth, lymphatic and venous inva-
sion, were summarized. Other clinicopathological data such 
as sex, age, distant metastasis and survival data were obtained 
from medical records. Clinical stages of all CRC patients were 
determined according to the 7th edition of American Joint 
Committee on Cancer TNM staging system [18]. Clinical 
follow-up was available for all the patients. Overall survival 
(OS) was defined as the time interval between the initiation 
of surgery and the date of death or last follow-up, whichever 
occurred first. Progression-free survival (PFS) was defined 
from the date of surgery to the date of disease progression or 
censoring at the time of last follow-up. This study was approved 
by the ethics committee of the Second Affiliated Hospital of 
Wenzhou Medical University. Written informed consent was 
obtained from each patient before any study-specific investiga-
tion was performed.

Immunohistochemistry. Immunohistochemistry staining 
was carried out using the avidin-biotin-peroxidase technique. 
Paraffin-embedded CRC samples were deparaffinized and 
then blocked in 3% hydrogen peroxide solution in absolute 
methanol for 10 minutes at room temperature. After heat-
induced antigen retrieval in 10 mM citrate buffer (PH 6.0) 
95-100 °C for 10 min and blocking with 3% BSA, samples were 
incubated with the primary antibody at 4 °C overnight. The 
primary antibody we used was rabbit anti-phospho-4E-BP1 
(Thr37/46) monoclonal antibody (#2855, dilution 1:300) (Cell 
Signaling Technology, Danvers, MA, USA). Chromogenic 
examination was performed with a peroxidase conjugated sec-
ondary antibody (30 min) and DAB reagents (5 min) provided 
in the Envision detection kit (Dako, Cytomation, Glostrup, 
Denmark). All samples were counterstained with Mayer’s 
Hematoxylin (Thermo Fisher Scientific, Waltham, MA, USA). 
Omission of the primary antibody with phosphate-buffered 
saline acted as the negative control.

Immunostained slides were evaluated by two experienced 
pathologists who were blinded to all clinical parameters, in 
an open discussion. For the immunoreactivity, a histoscore 
(H-score) based on the percentage of immunoreactive cells 
(0–100%) and the intensity of immunostaining was calcu-
lated and classified into four categories (negative; weak: + ; 
moderate: + + ; strong: + + + ). Tumors with no staining were 
classified as negative. Tumors with weak intensity (+ ) in < 
33% of cells were classified as weak. Tumors with moderate 
intensity (+ + ) in > 66% of cells or strong intensity (+ + + ) 
in > 33% of cells were classified as strong. The rest tumors 
were classified as moderate. The tumors with the H-score in 
the strong category were considered high level, while other 
tumors were considered low level [19].

Semi-quantitative reverse transcription polymerase 
chain reaction (qRT-PCR). Total RNA was extracted from 
the pathologically representative tumor regions (T) and 
paired adjacent normal colorectal mucosal tissues (N) of 
6 patients by TRIzol® Reagent (Invitrogen Technologies, 
Carlsbad, CA, USA) according to the manufacturer’s instruc-
tion. Single-stranded cDNA was synthesized using M-MLV 
reverse transcriptase (Invitrogen Technologies) from total 
RNA. Oligo (dT) 18 was used as the RT primers for reverse 
transcription of mRNAs. In the qRT-PCR, each sample was 
run in triplicate in a 10 μl reaction with 250 nM forward and 
reverse primers, 5 μl of SYBR Green Supermix (Bio-Rad, 
Berkeley, CA, USA) and 10 ng of cDNA. GAPDH was used 
as control. Reactions were performed in the BIO-RAD CFX 
Real-Time System and relative mRNA expression levels were 
calculated using the ΔCt method (2-ΔΔCt). The primers were as 
follows: 4E-BP1, forward 5’-GGGGACTACAGCACGAC-3’ 
and reverse 5’-CGCCCG CTTATCTTCT-3’; GAPDH, 
forward 5’-GGAAGGTGAAGGTCGGAGT-3’ and reverse 
5’-CCTGGAAGATGGTGA TGGG-3’.

Western blot analysis. For western blot, 6 pairs of patho-
logically representative tumor regions and paired adjacent 
normal colorectal mucosal tissues were lysed with 0.5% NP40 
buffer containing protease inhibitor cocktail on ice, and the 
supernatants were collected by centrifugation at 13,000 rpm 
at 4  °C for 15 min. Protein extract was separated by 10% 
SDS-polyacrylamide gel electrophoresis and transferred to 
nitrocellulose membranes. Membranes were blocked with 
5% skimmed milk and then incubated with primary antibody 
overnight at 4 °C. The dilutions of monoclonal antibody 4E-
BP1 and phosphorylated 4E-BP1 (p-4E-BP1) (Cell Signaling 
Technology) were 1:1000. The line densitometry was quanti-
fied by Image J software (version 1.61, National Institutes of 
Health, MD, USA).

Statistical analysis. All statistical analyses were performed 
using SPSS software version 18.0 (SPSS Inc., Chicago, IL, 
USA). To evaluate relationships between clinicopathological 
characteristics and immunohistochemical results, we used 
Chi-square test for categorical variables. OS and PFS were 
assessed using the Kaplan–Meier method and compared by 
the log-rank test. The Cox proportional hazards model for 
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multivariate survival analysis was used to evaluate the as-
sociation between p-4E-BP1 and survival. The criterion for 
statistical significance was p < 0.05.

Results

Clinicopathological characteristics. We studied 164 
colorectal cancer patients, comprising 75 males (45.7%) 
and 89 (54.3%) females. The median age of these patients at 
diagnosis was 56 years (range from 21 to 91 years). Tumor 
locations were 71 (43.3%) in rectum, 93 (56.7%) in colon. 
146 (89.0%) patients had symptoms at the time of diagnosis. 
Histologically, 102 tumors (62.2%) were classified as well 
or moderately differentiated carcinoma, while 62 (37.8%) 
were poorly differentiated. 90 tumors (54.9%) were smaller 
than 5cm, whereas, 74 tumors (45.1 %) had a  minimum 
diameter of 5cm or more. Pathological T stage was pT1-2 
for 75 (45.7%) tumors, and pT3-4 for 89 (54.3%). There 
were 88 cases (53.7%) of lymphatic invasion and 10 cases 

(6.1%) had distant metastasis at initial diagnosis. 84 cases 
(51.2%) were classified as I- II stage and 80 cases (48.8%) 
as III-IV stage according to TNM staging system. These 
clinicopathological characteristics of the entire cohort are 
summarized in Table 1.

Correlation between p-4E-BP1 level and clinicopatho-
logical characteristics. The correlation between p-4E-BP1 level 
detected by immunohistochemistry and clinicopathological 
characteristics of 164 patients with CRC are presented in Ta-
ble 1. The level of p-4E-BP1 was low in 69 tumors (42.1%) and 
high in 95 tumors (57.9%). A significant adverse correlation 
between p-4E-BP1 level and tumor differentiation was observed 
(p = 0.023). In contrast, a remarkable positive association was 
observed between depth of invasion and p-4E-BP1 level (p = 
0.026). High level of p-4E-BP1 occurred more frequently in 
tumors with regional lymph nodes metastasis than that with 
low level (p = 0.005). In addition, the rate of high p-4E-BP1 
level, which was 58.9% in CRC cases with TNM stage III-IV, 
was decreased to 44.1% in patients with TNM stage I- II (p = 

Table 1. P-4E-BP1 level in relation to clinicopathological characteristics in 164 patients with colorectal cancer

Clinicopathological factors
Entire group p-4E-BP1 level

p value
 (n = 164) Low (n = 69) High (n = 95)

Age at surgery (years) 0.748
<60 n (%) 66 (40.2%) 29 (42.0%) 37 (38.9%)
≥60 n (%) 98 (59.8%) 40 (58.0%) 58 (61. 0%)

Sex 0.751
Male n (%) 75 (45.7%) 33 (47.8%) 42 (44.2%)
Female n (%) 89 (54.3%) 36 (52.2%) 53 (55.8%)

Clinical manifestation (n, %) 0.312
Incidental 18 (11.0%) 10 (14.5%) 8 (8.4%)
Symptomatic 146 (89.0%) 59 (85.5%) 87 (91.6%)

Location (n, %) 0.342
Rectum 71 (43.3%) 33 (47.9%) 38 (40.0%)
Colon 93 (56.7%) 36 (52.2%) 57 (60.0%)

Differentiation 0.023
Well/moderately 102 (62.2%) 50 (72.5%) 52 (54.7%)
Poorly 62 (37.8%) 19 (27.5%) 43 (45.3%)

Size (cm) 0.058
<5 90 (54.9%) 44 (63.8%) 46 (48.4%)
≥5 74 (45.1%) 25 (36.2%) 49 (51.6%)

Pathological T stage 0.026
T1-2 75 (45.7%) 39 (56.5%) 36 (37.9%)
T3-4 89 (54.3%) 30 (43.5%) 59 (62.1%)

Pathological N stage 0.005
N0 76 (46.3%) 41 (59.4%) 35 (36.8%)
N1-2 88 (53.7%) 28 (40.6%) 60 (63.2%)

Pathological M stage 0.194
M0 154 (93.9%) 67 (97.1%) 87 (91.6%)
M1 10 (6.1%) 2 (2.9%) 8 (8.4%)

TNM stage 0.005
I- II 84 (51.2%) 45 (65.2%) 39 (41.1%)
III-IV 80 (48.8%) 24 (34.8%) 56 (58.9%)  
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0.005) (Table 1 and Figure 1 A-D); Above result indicates p-4E-
BP1 level is significantly correlated with TNM stages. However, 
there was no significant association of p-4E-BP1 level with 
any other clinicopathological features including gender, age at 
surgery, clinical manifestation, tumor location, tumor size and 
pathological M stage.

Level of p-4E-BP1 in CRC tissues. The relative expression 
of 4E-BP1 in CRC and corresponding normal tissues at the 
mRNA and protein level were detected by semi-quantitative 
RT-PCR and western blot, respectively. We found that al-
though 4E-BP1 did not differ from tumors compared to 
their adjacent healthy tissues both in mRNA and protein 
levels (Figure 2 and 3A), the phosphorylation of 4E-BP1, was 
increased to 3.1-fold in CRC compared to adjacent healthy 
tissues (p = 0.021; Figure 3A and B). Thus, 4E-BP1 is hyper-
phosphorylated in CRC.

Relationship between p-4E-BP1 level and CRC prog-
nosis. The Kaplan-Meier survival curves for OS and PFS 
according to level of p-4E-BP1 are displayed in Figure 4A 
and B. Survival analyses showed that p-4E-BP1 was signifi-

cantly associated with tumor progression and poor prognosis. 
Patients with high p-4E-BP1 level had a significantly shorter 
median PFS (25 months, 95 % CI 14.3–27.5 months) than pa-
tients with low p-4E-BP1 level (38 months, 95 % CI 27.1–48.9 
months) (p = 0.018; Figure 4A). In contrast, the low p-4E-BP1 
level group had a significantly prolonged OS compared to the 
high level group (p = 0.017; Figure 4B).

Using the Cox proportional hazards model, we evaluated 
the significance of several clinicopathological factors and 
p-4E-BP1 level as predictors of OS and PFS with multivariate 
analyses. The results of Cox regression analyses for OS and 
PFS are depicted in Table 2. The high p-4E-BP1 level group 
had a significantly shorter PFS (p = 0.042) and OS (p = 0.029) 
compared to the low level group, indicating that the level of 
p-4E-BP1 could act as an independent adverse prognostic 
factor of OS and PFS. Moreover, larger tumor size (p = 0.015), 
regional lymph nodes metastasis (p = 0.032), distant metas-
tasis (p = 0.036) and later TNM stage (p = 0.028) were also 
significantly associated with worse OS of patients with CRC. 
Similarly, tumor differentiation (p = 0.031), pT (p = 0.011), pN 

Figure 1. Representative immunohistochemical staining of p-4E-BP1 in different TNM stages of colorectal cancer. (A) Low level of p-4E-BP1 in TNM 
stage I; (B) Low level of p-4E-BP1 in TNM stage II; (C) High level of p-4E-BP1 in TNM stage III; (D) High level of p-4E-BP1 in TNM stage IV. Original 
magnification of immunohistochemical images, ×200.
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(p = 0.014), pM (p = 0.001) and TNM stage (p = 0.041) were 
independent prognostic factors for predicting PFS.

Discussion

Considering the high probability of disease recurrence fol-
lowing operation for patients with CRC and poor prognosis of 
this disease recurrence, it is significant to identify factors that 
can be used to predict the precise prognosis of such postopera-
tive patients to determine appropriate postoperative adjuvant 
therapy and to decide on follow-up schedules. In recent 
years, there have been several studies shown that an increase 
number of molecular markers combined with conventional 
clinicopathological prognostic factors were used for predictive 
accuracy in patients with CRC [20-22].

The present study showed that 4E-BP1 was hyperphospho-
rylated in CRC. And multivariate analysis in a homogeneous 
population of 164 patients demonstrated that the level of 
p-4E-BP1 was significantly associated with tumor differentia-
tion, invasive depth, lymphatic invasion and TNM stage. High 
p-4E-BP1 level was observed in CRC patients with poor dif-
ferentiation, regional lymph node metastasis and later TNM 

Figure 2. The expression of 4E-BP1 mRNA in colorectal cancer tissues. 
Relative mRNA expression of 4E-BP1 (n = 6). T: tumor region of colorectal 
cancer; N: paired adjacent normal colorectal mucosal tissue.

Figure 3. The level of 4E-BP1 and p-4E-BP1 in colorectal cancer tissues. 
(A) Protein expressions of 4E-BP1 and p-4E-BP1; (B) Relative grey value 
of p-4E-BP1 protein (n = 6). 4E-BP1 was used as the control for p-4E-BP1. 
T: tumor region of colorectal cancer; N: paired adjacent normal colorectal 
mucosal tissue. 

Table 2. Multivariate analysis of overall survival and progression-free survival 

Covariates
overall survival progression-free survival

HR (95% CI) p value HR (95% CI) p value
Age at surgery 0.897 (0.757-1.034) 0.119 0.958 (0.915-1.002) 0.117
Sex (male vs. female) 2.682 (0.142-52.428) 0.512 0.969 (0.163-5.837) 0.924
Clinical manifestation (incidental vs. symptomatic) 0.662 (0.042-332.749) 0.923 0.964 (0.219-4.521) 0.721
Laterality (rectum vs. colon) 0.778 (0.071-14.673) 0.828 0.741 (0.165-3.396) 0.702
Differentiation (poorly vs. well/moderately ) 1.343 (0.513–2.736) 0.069 6.533(1.277–9.141) 0.031
Tumor size (≥5 vs. <5) 2.093 (1.125-3.729) 0.015 3.307 (0.893-10.295) 0.075
T stage (T3–T4 vs. T1–T2) 10.425 (0.342-356.025) 0.062 8.691 (0.667-353.158) 0.011
N stage (N1-N2 vs. N0) 3.998 (0.325-28.242) 0.032 6.522 (1.678-16.254) 0.014
M stage (M1 vs. M0) 19.825 (1.126-162.287) 0.036 28.721 (3.463-224.467) 0.001
TNM stage (III-IV vs. I- II) 6.275 (0.862-93.279) 0.028 5.021 (0.628-72.357) 0.041
p-4E-BP1 level (high vs. low) 5.414 (1.562-52.725) 0.029 4.754 (1.874-74.788) 0.042
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stage. In addition, we observed that the status of p-4E-BP1 
was an independent prognostic predictor for OS and PFS by 
survival analyses. The survival analyses showed that patients 
with high level of p-4E-BP1 were easily to recurrence and had 
adverse prognosis. Our results is in agreement with previous 
studies in esophageal squamous cell carcinoma, renal cell 
carcinoma, hilar cholangiocarcinoma, small cell lung cancer 
and non-small cell lung cancer [11, 13-16]. According to these 
data, we speculate that the hyperphosphorylation of 4E-BP1 
plays a positive role in CRC development. p-4E-BP1 might 
be a potential tumor marker for prognostic prediction and 
a therapeutic target for CRC.

Growth factor receptors and cell signal pathways play cru-
cial roles in carcinogenesis of human tumors. Activation of 
membrane growth factor receptors promotes cell proliferation 
signals via at least two major biochemical pathways, PI3K/
AKT/mTOR and RAS/MAPK pathway [7, 8]. The PI3K/AKT 
pathway classically regulates translation through activation of 
mTOR kinase and then phosphorylation of its substrates, 4E-
BP1 and S6K. The MAPK pathway, involving several biological 
processes (cell proliferation, survival, apoptosis and metabo-
lism) [23], also mediates 4E-BP1 phosphorylation. Therefore, 
both PI3K/AKT/mTOR and RAS/MAPK pathway contribute 
to the phosphorylation of 4E-BP1, which results in formation 
of the cap-dependent mRNA translation initiation complex 
[24, 25]. During cap-dependent translation, eIF4E binds to 
the mRNA cap structure and promotes formation of the eIF4E 
initiation complex and ribosome binding. Dephosphorylated 
4E-BP1 binds tightly to eIF4E and hinders the formation of 
the cap-dependent mRNA translation initiation complex that 
involves in protein synthesis. Thus, 4E-BP1 negatively regulates 

protein synthesis, cell growth and proliferation. However, 
when 4E-BP1 is phosphorylated in response to upstream sig-
nals, the affinity of 4E-BP1 binding to eIF4E is reduced; then 
eIF4E is released and cap-dependent translation can initiate, 
leading to relieve translational repression and enhancing 
cancerigenic protein synthesis [26, 27]. Therefore, above data 
imply that the phosphorylation of 4E-BP1 has carcinogenic 
potential and aggressive phenotype.

4E-BP1 can regulate the level of free eIF4E, which plays 
a crucial role in the regulation of translation and has a sig-
nificant function in the translation of key proteins in tumor 
transformation, including Myc, cyclin D1, vascular endothelial 
growth factor, and fibroblastic growth factor [28]. A recent 
research on renal cell carcinoma has been shown that over-
expression of 4E-BP1 and eIF4E synergistically promote 
progression of disease [17]. Avdulov et al. [29] have demon-
strated that eIF4E is an important component of the malignant 
phenotype in breast cancer and hyperphosphorylation of 4E-
BP1 is vital in this effect. In their research, transfer of 4E-BP1 
phosphorylation site mutants into breast cancer cell suppresses 
their carcinogenesis, while loss of these 4E-BP1 phospho-
rylation site mutants accompanies spontaneous reversion to 
a malignant phenotype. These results could be accounted for 
the fact that the phosphorylation of 4E-BP1 releases eIF4E 
and enhances cap-dependent translation, promoting tumor 
cell growth and proliferation.

We acknowledge that there are several limitations in this 
study. First, this was a retrospective study in a relatively short 
observation period, and the sample size of 164 patients in 
such a common disease like CRC was not large enough. Ad-
ditional studies involving greater numbers of patients will be 
essential to confirm our findings. Second, this study consisted 
of patients with heterogeneous characteristics. Therefore, it is 
unclear whether present findings could be applied to all CRC 
patients stratified by major parameters. Third, we have not 
focused on the precise signal pathway by which p-4E-BP1 may 
promote the progression of CRC. Notwithstanding these limi-
tations, this work provides a new insight for CRC prognosis 
prediction. Moreover, data from the current study indicate that 
p-4E-BP1 may function as a hallmark or funnel factor where 
upstream carcinogenic signals converge and dephosphoryla-
tion of 4E-BP1 could be an effective therapeutic method for 
CRC. Further studies of the signaling pathways that regulate 
4E-BP1 phosphorylation may reveal additional therapeutic 
options to debilitate unrestricted protein biosynthesis in CRC. 

In conclusion, the phosphorylation of 4E-BP1 is important 
in CRC and high p-4E-BP1 level is associated with tumor pro-
gression and adverse prognosis. However, it is still uncertain 
how p-4E-BP1 works in the carcinogenesis of CRC. Effective 
inhibition of the pathways responsible for 4E-BP1 phospho-
rylation might provide a new useful strategy for individualized 
therapy of CRC patients.
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Figure 4. Kaplan–Meier analysis of PFS and OS curves in colorectal cancer 
patients. (A) PFS curve analysis by stratified according to p-4E-BP1 level 
(log-rank p = 0.018); (B) OS curve analysis by stratified according to p-4E-
BP1 level (log-rank p = 0.017). 
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