
This is a repository copy of A Case Matched Gender Comparison Transcriptomic Screen 
Identifies eIF4E and eIF5 as Potential Prognostic and Tractable Biomarkers in Male Breast
Cancer.

White Rose Research Online URL for this paper:
http://eprints.whiterose.ac.uk/109588/

Version: Accepted Version

Article:

Humphries, MP orcid.org/0000-0003-1306-7012, Rajan, SS, Droop, A 
orcid.org/0000-0001-7695-7480 et al. (29 more authors) (2017) A Case Matched Gender 
Comparison Transcriptomic Screen Identifies eIF4E and eIF5 as Potential Prognostic and 
Tractable Biomarkers in Male Breast Cancer. Clinical Cancer Research, 23 (10). pp. 
2575-2583. ISSN 1078-0432 

https://doi.org/10.1158/1078-0432.CCR-16-1952

© 2016, American Association for Cancer Research. This is an author produced version of 
a paper published in Clinical Cancer Research. Uploaded in accordance with the 
publisher's self-archiving policy.

eprints@whiterose.ac.uk
https://eprints.whiterose.ac.uk/

Reuse 

Unless indicated otherwise, fulltext items are protected by copyright with all rights reserved. The copyright 
exception in section 29 of the Copyright, Designs and Patents Act 1988 allows the making of a single copy 
solely for the purpose of non-commercial research or private study within the limits of fair dealing. The 
publisher or other rights-holder may allow further reproduction and re-use of this version - refer to the White 
Rose Research Online record for this item. Where records identify the publisher as the copyright holder, 
users can verify any specific terms of use on the publisher’s website. 

Takedown 

If you consider content in White Rose Research Online to be in breach of UK law, please notify us by 
emailing eprints@whiterose.ac.uk including the URL of the record and the reason for the withdrawal request. 

mailto:eprints@whiterose.ac.uk
https://eprints.whiterose.ac.uk/


ϭ 
 

  

A Case Matched Gender Comparison Transcriptomic Screen 

Identifies eIF4E and eIF5 as Potential Prognostic Markers in Male 

Breast Cancer 

Matthew P Humphries1, Sreekumar Sundara Rajan1, Alastair Droop,1,2 Charlotte AB 

Suleman3, Carmine Carbone4, Cecilia Nilsson5,6, Hedieh  Honarpisheh7, Gabor Cserni8, Jo 

Dent9, Laura Fulford10, Lee Jordan11,  J Louise Jones12, Rani Kanthan13, Maria Litwiniuk14, 

Anna Di Benedetto15, Marcella Mottolese15, Elena Provenzano16, Sami Shousha17, Mark 

Stephens18, Rosemary A Walker19, Janina Kulka20, Ian O Ellis21, Margaret Jeffery22, Helene 

H Thygesen1, Vera Cappelletti23, Maria G Daidone23, Ingrid Hedenfalk24, Marie-Louise 

Fjällskog6, Davide Melisi4,25, Lucy F Stead1, Abeer M Shaaban26, Valerie Speirs1 

1Leeds Institute of Cancer and Pathology, University of Leeds, Leeds, LS9 7TF, UK; 2MRC Medical 

Bioinformatics Centre, University of Leeds, Clarendon Way, Leeds, LS2 9NL, UK; 3Department of 

Histopathology, St James's University Hospital, Leeds, LS9 7TF, UK; 4Comprehensive Cancer 

Center, Azienda Ospedaliera Universitaria Integrata, 37126 Verona, Italy; 5Center for Clinical 

Research, Västmanland County Hospital, Västerås, Sweden; 6Department Medical Sciences. 

University of Uppsala, Uppsala, Sweden; 7MD Anderson Cancer Centre, Houston, Texas. USA; 

8Department of Pathology, Bács-Kiskun County Teaching Hospital, Nyiri ut 38, H-6000; 9Calderdale 

Hospital, Halifax, UK; 10Surrey & Sussex NHS Trust, Redhill, UK; 11University of Dundee/NHS 

Tayside, Dundee, UK͖ 12Barts Cancer Institute, London, UK; 13Department of Pathology and 

Laboratory Medicine, University of Saskatchewan, Saskatoon, Canada; 14Poznan University of 

Medical Sciences, Greater Poland Cancer Centre, Poznan, Poland; 15Department of Pathology, 

Regina Elena National Cancer Institute, Rome, Italy; 16Department of Histopathology, Addenbrooke's 

Hospital, Cambridge, UK; 17Department of Histopathology, Imperial College Healthcare NHS Trust 

and Imperial College, Charing Cross Hospital, London W6 8RF, UK; 18University Hospital of North 

Staffordshire, Stoke-on Trent, UK; 19Cancer Studies and Molecular Medicine. University of Leicester, 



Ϯ 
 

Leicester, UK; 202nd Department of Pathology, Semmelweis University, ÜllĘi út. 93, Budapest 1091, 

Hungary; 21Faculty of Medicine & Health Sciences, Nottingham City Hospital. Nottingham, NG5 1PB, 

UK; 22
 Department of Histopathology, The Pathology Centre, Queen Alexandra Hospital. Portsmouth, 

PO6 3LY; 23Department of Experimental Oncology and Molecular Medicine, Fondazione IRCCS 

Istituto Nazionale dei Tumori, Milan, Italy; 24Department of Oncology and Pathology, Clinical Sciences 

and CREATE Health Strategic Center for Translational Cancer Research, Lund University, Lund, 

Sweden; 25Digestive Molecular Clinical Oncology Research Unit, Department of Medicine, Università 

degli studi di Verona, 37134 Verona, Italy; 26Department of Cellular Pathology, Queen Elizabeth 

Hospital Birmingham and University of Birmingham, Birmingham, B15 2TW, UK  

 

Conflicts of interest  

ML Fjällskog; Clinical Program Leader Translational Clinical Oncology at Novartis. 

Department Medical Sciences. University of Uppsala, Uppsala, Sweden has 

received institute funding from Novartis. 

The other authors have no conflicts of interest or relationships to declare. 

 

Acknowledgements of research support for the study 

This study was funded by Yorkshire Cancer Research (grant L278). Breast Cancer 

Now (formerly Breast Cancer Campaign, grant 2007MayPR02) provided funding for 

the accrual and construction of the MBC TMAs. The Breast Cancer Research Trust 

contributed towards costs of genomic analysis. This work was partially supported by 

grants from the Italian Association for Cancer Research and the Swedish Cancer 

Society. 

 



ϯ 
 

Correspondence: Prof V Speirs, Leeds Institute of Cancer and Pathology, 

University of Leeds, Leeds, LS9 7TF, UK. E-mail: v.speirs@leeds.ac.uk.uk; Tel: +44 

(0)113 3438633; Fax: +44 (0) 113 3438431 

 

 

Running head: Prognostic biomarkers in male breast cancer 

 

  



ϰ 
 

Abstract  

Purpose: Breast cancer (BC) affects both genders, but is understudied in men. 

Although still rare, male BC is being diagnosed more frequently. Treatments are 

wholly informed by clinical studies conducted in women, based on assumptions that 

underlying biology is similar. 

Experimental design: A transcriptomic investigation of male and female BC was 

performed, confirming transcriptomic data in silico. Biomarkers were 

immunohistochemically assessed in 697 MBCs (n=477, training; n=220, validation 

set) and quantified in pre- and post-treatment samples from a male BC patient 

receiving Everolimus and PI3K/mTOR inhibitor.  

Results: Gender-specific gene expression patterns were identified. eIF transcripts 

were up-regulated in MBC. eIF4E and eIF5 were negatively prognostic for overall 

survival alone (Log rank; p=0.013; HR=1.77, 1.12-2.8 and p=0.035; HR=1.68, 1.03-

2.74, respectively), or when co-expressed (p=0.01; HR=2.66, 1.26-5.63), confirmed 

in the validation set. This remained upon multivariate Cox regression analysis (eIF4E 

p=0.016; HR 2.38 (1.18-4.8), eIF5 p=0.022; HR 2.55 (1.14-5.7); co-expression 

p=0.001; HR=7.04 (2.22-22.26)). Marked reduction in eIF4E and eIF5 expression 

was seen post BEZ235/Everolimus, with extended survival.  

Conclusions: Translational initiation pathway inhibition could be of clinical utility in 

male BC patients overexpressing eIF4E and eIF5. With mTOR inhibitors which target 

this pathway now in the clinic, these biomarkers may represent new targets for 

therapeutic intervention, although further independent validation is required. 

 

Keywords: breast cancer; genomics; eIF; survival; mTOR inhibitor 
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Statement of significance 

Genomic and transcriptomic analysis of four independent male breast cancer 

datasets identified upregulation of translational initiation pathway genes. eIF4E and 

eIF5 were independent predictors of survival, either alone or when co-expressed. 

Samples from a patient receiving a combination of agents targeting this pathway, 

suggests this pathway may be tractable. 
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Introduction 

The need for more refined therapeutic treatments for male breast cancer (MBC) is 

evidenced by a steady stream of publications highlighting gender specific differences 

using immunohistochemistry [1-5], genetics [6-11] and more recently, epigenetics 

[12-15]. Of note, whilst MBC is similar histologically to female breast cancer (FBC), 

with the same panel of biomarkers used to guide treatment and prognosis, more 

rigorous interrogation of the underlying genetics shows heterogeneity in MBC  as 

recognised in FBC where molecular profiling has identified different subgroups which 

correlate with varying clinical outcomes. Gene expression analysis of MBC is more 

limited. Nevertheless, genetic disparity has been reported, notably genes involved in 

extracellular matrix remodelling, metabolism and protein synthesis via genes 

involved in translational initiation, including eIF4E [10] which are often upregulated in 

MBC compared to FBC.  Further work has identified 2 distinct subgroups of MBC, 

termed luminal M1 and luminal M2, which differed from molecular subtypes seen in 

FBC [9]. This work also reported that N-acetyltransferase-1, a gene thought to be 

involved in drug metabolism, was a prognostic marker for MBC [9]. Subsequent to 

this Johansson et al documented differential driver genes in MBC vs FBC [16]. Most 

recently a distinct repertoire of genetic alterations were reported in MBC cautioning 

the application of FBC data to therapeutic application in MBC [11].  Genomic and 

immunohistochemical examination of a single MBC patient with recurrent disease 

showed a change in hormone receptor expression in the post-progression sample, 

with little change at the genomic level, whilst receiving a combination of 

BEZ235/Everolimus [17].  
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Taking advantage of our large collection of MBC samples we aimed to generate 

gene expression profiles of matched MBC and FBC samples and assess 

immunohistochemically if differences in specific biomarkers affected clinical outcome 

in men using a training set of 477 and a validation set of 220 cases. Finally we 

analysed expression of these biomarkers in pre- and post-treatment samples from a 

MBC patient who received a combination of the PI3K/mTOR inhibitors BEZ235 and 

Everolimus [17].  
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Methods 

Ethical approval and patient material 

Leeds (East) Research Ethics Committee (06/Q1205/156; 15/YH/0025) granted 

ethical approval. For gender comparison transcriptomics, cases were matched for 

age, size, nodal and survival status. Formalin-fixed paraffin-embedded male (n= 15) 

and female (n=10) primary invasive ductal carcinoma (ER-positive, HER2-negative, 

node-negative) were identified from histopathology archives. An additional 3 male 

and 3 female frozen cases were used to confirm gene expression. A training set of 

477 MBCs represented on tissue microarrays (TMAs; n= 446, constructed as 

described [1]) and 31 full faced sections, plus a validation set (220 cases on TMAs 

[9]), was used in immunohistochemistry. Patient characteristics are shown in Table 

1. Details on the datasets used in the explorative and validation phases is provided 

(Figure S1). Cases were pseudo-anonymised and data analysed anonymously. 

 

Gene expression  

Five x 10µm sections applied to Almac Diagnostics (Craigavon, UK) Breast Cancer 

DSA™ platform representing 21,808 genes, according to in house protocols [18]. 

Three MBC samples failed QC and were excluded from further analysis. Genes that 

were significantly differentially expressed between genders were calculated from 

Almac normalised and transformed data with FDR threshold of 5% and a fold-

change significance of 1%. Representative heat maps were generated from resulting 

expression data using hierarchical clustering and Pathway Ingenuity Analysis to 

identify gender-specific gene expression. The microarray data are available on 

ArrayExpress (www.ebi.ac.uk/arrayexpress), accession number E-MTAB-4040. The 

Oncomine platform was used for further data mining.  
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Immunohistochemistry  

REMARK criteria were employed [19]. Immunohistochemistry was conducted as 

previously described, using well validated antibodies [20], including: eIF1 (Abcam - 

ab118979. 1:200); eIF2 (Abcam - ab32157. 1:150); eIF3 (Abcam - ab171419. 1:150); 

eIF4E (Santa Cruz - sc-9976. 1:400); eIF5 (Abcam - ab32443. 1:300). Cases were 

batch stained for each antibody with recommended controls. TMAs were digitised 

(x40, Leica-Aperio AT2 ScanScope scanner; Leica Biosystems, UK). Each TMA core 

was viewed using in-house software and assessed semi-quantitatively for each 

biomarker taking account of staining intensity and percentage of tumour cells. 

Overall scores were averaged from either duplicate or triplicate cores which 

represented a case. Staining was generally cytoplasmic; our group has shown that 

nuclear staining is seen occasionally but is not of prognostic value [20], therefore 

only cytoplasmic staining was considered. Scoring criteria were determined from 

previously reported studies [20, 21]. Cases were scored by MPH with co-scoring of 

10% (CABS, trainee histopathologist), overseen by AMS, specialised breast 

consultant histopathologist. Where disagreement was reported (score >2; n=5) 

cases were re-reviewed to reach consensus. Excellent strength of agreement was 

observed between scorers using Inter-Class Correlation Coefficients (eIF1 0.911 

(95%CI 0.769-0.944), eIF2 0.846 (95%CI 0.736-0.910), eIF4E 0.882 (95%CI 0.755-

0.913), eIF5 0.865 (95%CI 0.769-0.922). Scores were indeterminable in 49 cases 

due to core loss/exhaustion during processing, well-recognised with TMAs.  

 

Analysis of eIF4E and eIF5 on a single patient progression series treated with 

PI3K/mTOR inhibitors 
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Pre- and post-treatment biopsies were obtained from a 66 year old Caucasian male 

diagnosed in 2006 with ER+, PR+, HER2- infiltrative papillary breast cancer whose 

clinical history has been reported [17]. Following mastectomy he received adjuvant 

tamoxifen but developed a contralateral grade 3 ER+, PR+, HER2- infiltrative ductal 

carcinoma 2 years later (pre-treatment sample). Standard adjuvant chemotherapy 

commenced, with 5 weeks of radiotherapy and subsequent adjuvant letrozole. 

Thirteen months later he developed multiple nodal and bilateral lung metastases and 

was switched to a schedule of vinorelbine plus capecitabine every 3 weeks. 

Following disease stabilisation he received fulvestrant. After 8 months, node 

progression was noted and the patient was switched to BEZ235 (200mg orally, twice 

daily) plus sub-therapeutic Everolimus (2.5mg, weekly). Aside from a skin rash this 

was well tolerated and stable disease was maintained for a further 18 months after 

which a nodal metastasis developed (post-treatment sample). eIF4E and eIF5 

expression was assessed immunohistochemically in the pre- and post-treatment 

samples, as described above and reviewed by two investigators (MPH and AMS) 

and quantified (Leica Aperio positive pixel count algorithm, version 9). 

 

Statistical analysis 

Receiver operator curves were generated to obtain relevant cut-offs [22]. 

Associations with Disease-free and Overall survival (DFS; from initial diagnosis to 

the diagnosis of local or distant recurrence, OS; from initial diagnosis to death) were 

analysed (Kaplan–Meier plots, log rank test). Hazard ratios were determined by Cox 

regression. Follow up patient information was updated in June 2013 and survival 

periods calculated. Patients were censored at the last day they were known to be 

alive. Variables were entered in univariate and multivariate analysis (Cox 
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proportional hazards regression model). Gene expression p-values were adjusted for 

multiple testing using the false discovery rate method (Benjamini-Hochberg 

procedure). 

 

Results 

Gender comparison of gene expression 

Hierarchical agglomerative clustering revealed differential gene expression patterns 

in MBC and FBC (Figure 1A). Unsupervised clustering revealed three distinct 

gender-specific clusters. The top gene cluster displayed higher expression in MBC. 

The middle cluster showed lower expression in MBC while the bottom cluster was 

over represented in MBC. Further analysis of the top cluster, showed components of 

the translational initiation machinery were overexpressed in MBC compared with 

FBC, notably genes associated with translational initiation pathway. This was 

confirmed through mining an independent MBC dataset [10] (Figure 1B) and also by 

interrogation of Oncomine™ which showed higher expression of eIF4E and eIF5 in 

breast and lung cancer compared to matched normal tissue. When these biomarkers 

were compared for gender, eIF4E and eIF5 expression was proportionately higher in 

male breast but not lung cancer (Figure S2).  

 

eIF4E and eIF5 expression are independently prognostic in MBC 

Having identified gender-specific differences in eIF gene expression, we examined 

this immunohistochemically in 697 MBCs; training set (n=477), validation set (n=220) 

[9]. Cytoplasmic expression was present in invasive tumour cells for all family 
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members examined except eIF3, which was consistently negative, despite positive 

staining of colon positive control tissue (Figure S3). Training and validation sets were 

scored semi-quantitatively for each biomarker, taking account of intensity of staining 

and percentage of positive tumour cells. Representative staining for each eIF is 

shown in Figure S3. R.O.C curves were plotted and used to determine the optimum 

cut-off value for each antibody. These were: eIF1, 5.5; eIF2, 4.75; eIF4E, 5.77; and 

eIF5, 6.41 (Figure S3).  

 

Kaplan Meier survival curves showing the impact of eIF expression on OS and DFS 

are shown (Figure 2). Expression of eIF4E and eIF5 was associated with worse OS. 

This relationship was also observed in the validation set and remained upon 

multivariate analysis in the larger training set when adjusted for age, tumour size, 

lymph node positivity and grade (Table 2), even with disparity in significance of 

lymph node status between the 2 data sets; we attribute this to differences in the 

weighting of live/dead in each dataset. Alternatively, this may reflect the lack of 

complete data on lymph node status in both cohorts (Table 1); despite our best 

efforts we were unable to obtain this. Significance remained when the training and 

validation sets were combined (n= 697 cases; Table 2). 

 

As only eIF4E and eIF5 impacted on survival we examined the effects of their co-

expression. Low expression was determined for cases with scores below the defined 

cut point; <5.77 for eIF4E and <6.41 for eIF5 (n=96). High expression; >5.77 for 

eIF4E and >6.41 for eIF5 (n=14). Cases that over-expressed eIF4E and eIF5 (>5.77, 

>6.41 respectively) had significantly shorter survival compared to those who 

expressed eIF4E and eIF5 at lower levels (<5.77, <6.41 respectively; Figure 3). 
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Cases which were high for one of the proteins fell between both curves (data not 

shown). Co-expression of eIF4E and eIF5 remained significant upon multivariate 

analysis (p=0.001, HR 7.037 (2.223 – 22.2) in the training set (Table 2). Correlations 

between eIF4E expression with PR (P<0.001) and low tumour grade (P<0.036) were 

observed, while AR correlated with eIF5 (P<0.035), with a trend towards correlation 

with PR and low grade (Table S1). No significant correlation with clinico-pathological 

parameters was observed in cases which co-expressed eIF4E and eIF5, although 

trends with lower grade and PR were suggested. 

 

BEZ235/Everolimus combination therapy alters eIF4E and 5 expression 

As overexpression of eIF4E and eIF5 was associated with reduced OS, we 

examined the effects of treatments known to impact on their signalling in a single 

MBC patient. In the pre-treatment sample, strong cytoplasmic expression of eIF4E 

and eIF5 was observed (Figure 4A, C, respectively). Strikingly in the post-treatment 

sample, a marked reduction in staining was observed for both biomarkers; 89% to 

58% (eIF4E), 87% to 35% (eIF5), accompanied by a shift in location of eIF5 from the 

cytoplasm to the nucleus (Figure 4B, D).   

 

Discussion 

To our knowledge this is the largest study in MBC reported to date, examining over 

700 cases at the transcriptomic and immunohistochemical levels across four 

independent datasets. Key findings were upregulation of genes of the translational 

initiation pathway in MBC in two independent transcriptomic screens, followed by 
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identification of eIF4E and eIF5 as independent predictors of survival, either when 

evaluated alone or when co-expressed, where there was an even stronger negative 

survival influence. We also provide evidence that the translational initiation pathway 

may be tractable by studying samples from a MBC patient who received an 

investigational combination of agents which target this pathway, namely BEZ235 and 

Everolimus. 

 

The role of initiation factors in the progression to a malignant phenotype is reported 

in many cancers including, breast, head and neck, liver, prostate, bladder, gastric, 

colon, ovarian, glioma, lymphoma, non-small cell lung carcinoma (NSCLC), cervical, 

small intestine and melanoma [20, 23-25]. This has highlighted eIFs, notably eIF4E 

as indicative of poor prognosis. Originally shown to be overexpressed in breast 

cancer [26], eIF4E is essential for translation and is a rate-limiting step in RNA 

recruitment to ribosomes [27]. Indeed, most of the direct inhibitors of the eIF 

machinery are targeted toward eIF4E [28]. Moreover, eIF4E and its associated 

binding proteins have been shown to correlate with survival duration in FBC, where 

cases with high expression of eIF4E relative to its binding proteins had significantly 

worse survival [20]. Our results corroborate these and other findings where elevated 

eIF4E expression predicts poor survival in FBC [29-31].  

Recently, 337 cases from our 477-case training set were examined independently, 

suggesting eIF4E expression had no prognostic effect in MBC [32]. This anomaly 

might be explained by the different times used to estimate survival in the 2 studies. 

In this study survival status was updated in June 2013 (by SSR) while survival data 

in the cases used by Millican-Slater et al [32] was earlier, 2008-2009, and only 



ϭϱ 
 

available for 187 cases. As well as using the most up to date survival information 

available, this emphasises the need for inclusion of sufficiently large numbers of 

samples for robust validation studies when estimating the effects of biomarkers on 

survival, as widely discussed [33, 34]. The large number of cases in our training 

(n=477) and validation (n=220) cohorts with follow up on >70% as well as 

concordance with previous literature [20, 29-31] are significant strengths, all pointing 

towards eIF4E being a poor prognostic factor in breast cancer, irrespective of 

gender.  Given that we wished to identify potential gender-specific differences in 

gene expression in breast cancer, this result may be perceived as surprising. 

However there are multiple examples of biomarkers being expressed in different, or 

even the same type, of breast cancer, but which are only of clinical use when 

expressed above a certain threshold (reviewed in [35]). Interestingly, searching of 

Oncomine™ showed that eIF4E and eIF5 were not only increased in tumour versus 

normal breast and lung cancers, but that eIF4E and eIF5 expression was 

proportionately higher in MBC when genders were compared, substantiating our 

findings. However, while we have shown eIF4E and eIF5 are elevated in MBC, this 

does not preclude their expression and targeting in FBC. As we move towards 

personalised medicine, case-specific biomarker expression and their quantitative 

expression levels should help optimise tailored therapies for breast cancer in both 

genders. 

 

As reported elsewhere [36-38, 1], our MBC cohort was almost universally ER+, 

expressed in >90% of cases. As previous gene expression profiling studies indicate 

that MBC shares more features with ER- FBC than ER+ FBC [9], it is of interest to 

note that eIF4E overexpression has also been reported to negatively impact survival 
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in triple-negative FBC [39]. Thus, as well as sharing genomic similarities, this could 

indicate that ER+ MBCs share a prognostic biomarker with ER- FBC. 

 

eIF5 is essential in the translation initiation process, responsible for the association 

of eIF2 with Met-tRNA [40] yet its precise role in cancer pathogenesis remains 

elusive. To our knowledge this is the first time it has been shown to negatively affect 

survival duration in MBC. Interestingly, chromosome 3q26, the gene locus of eIF5, is 

amplified in breast cancer cell lines [41]. Both eIF4E, eIF5 and combinations 

remained significant remaining upon multivariate Cox regression analysis, however 

this significance was reduced in our validation set, which we attribute to sample size, 

as follow-up length and treatment regimens were similar in both datasets (Table 1). 

 

Despite detecting eIF3 mRNA in both MBC and FBC by qRT-PCR (data not shown), 

we were unable to detect protein expression by immunohistochemistry. Expression 

in our positive control tissue eliminated the possibility of poor antibody efficacy or 

influence of other pre-analytical factors. Nevertheless, there is immunohistochemical 

evidence that eIF3 expression is decreased in pancreatic cancer [42, 24]. Further 

evidence from cancer profiling arrays shows general downregulation of eIF3 in 

human tumours [24], which may explain its lack of expression.   

 

The recognised contribution of eIFs to tumorigenesis has led to their investigation as 

therapeutically tractable targets, particularly using antisense approaches or small 

molecule inhibitors [43]. A phase one clinical trial showed reduction of eIF4E protein 
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by up to 65% by an antisense oligonucleotide (LY2275796) in most of the 30 patients 

tested [44]. Other targets of eIFs include PI3K and mTOR inhibitors. Rapamycin and 

analogues, upstream signalling inhibitors of translation initiation, are now in the clinic 

[45-47]. We assessed eIF4E and eIF5 expression in a MBC patient who was treated 

with agents known to impact these signalling pathways, namely the mTOR inhibitor 

Everolimus (Afinitor/RAD001) given in combination with BEZ235, an inhibitor of class 

I PI3K molecules and the mTORC1 and mTORC2 complexes. This clearly 

demonstrated a striking reduction in expression of eIF4E and eIF5 (>50%) in the 

post-treatment samples. As the mTORC1/2 pathways are upstream of eIF4E [48], 

we predict their inhibition may result in declining levels of eIF proteins. Another study 

showed a reduction in eIF4E expression in approximately one third of breast cancers 

following treatment with Everolimus [49]. As over-expression of both eIF4E and eIF5 

was associated with worse overall survival in MBC, it is tempting to speculate that 

action of the BEZ235/Everolimus combination could deregulate their molecular 

pathways, resulting in reduction in their expression, leading to survival benefit, as 

stable disease was maintained for 18 months after the BEZ235/Everolimus switch. 

However it is worth noting the patient had already been heavily treated with other 

chemo and endocrine agents prior to this switch, which may have contributed to the 

reduction in eIF4E and eIF5 expression we report. Nevertheless, this intriguing result 

is supported by in vivo animal data in which suppressing mTOR activity and its 

downstream translational regulators delayed breast cancer progression [50]. Clearly 

further validation is required. Lack of specific male breast cancer cell line models, 

precludes this in vitro; potentially this could be considered in the context of MBC-

specific clinical trials e.g. as recommended by the International Male Breast Cancer 

Program [51]. Another interesting observation was the relocation of eIF5 from a 
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cytoplasmic to a nuclear location in the post-treatment sample. As the association of 

eIF2 with Met-tRNA by eIF5 occurs in the cytoplasm [40], the biological reasons for 

its presence in the nucleus is unknown. 

 

In summary, gene expression analysis revealed that, compared to FBC, genes 

involved in the translational initiation pathway are over-expressed in MBC, 

corroborated by in silico validation in an independent data set and 

immunohistochemical analysis demonstrating that over-expression of eIF4E and 

eIF5 are predictive of reduced patient survival in 697 MBCs with long term follow up. 

Together with our data on pre- and post-treatment evaluation of these biomarkers in 

a MBC patient, our findings suggest that MBCs that overexpress eIF4E and eIF5 

might be considered as candidates for treatment with agents which target the 

translation machinery in cancer. Indeed pre-clinical data support the use of inhibition 

of translation initiation as an emerging new paradigm in cancer therapy [52].   
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ϭϴϱϲͲϵ͘ 
Ϯ͘ KŽƌŶĞŐŽŽƌ R͕ VĞƌƐĐŚƵƵƌͲMĂĞƐ AH͕ BƵĞƌŐĞƌ H͕ HŽŐĞŶĞƐ MC͕ ĚĞ BƌƵŝŶ PC͕ OƵĚĞũĂŶƐ JJ Ğƚ Ăů͘ 
IŵŵƵŶŽƉŚĞŶŽƚǇƉŝŶŐ ŽĨ ŵĂůĞ ďƌĞĂƐƚ ĐĂŶĐĞƌ͘ HŝƐƚŽƉĂƚŚŽůŽŐǇ͘ ϮϬϭϮ͖ϲϭ;ϲͿ͗ϭϭϰϱͲϱϱ͘ 
ĚŽŝ͗ϭϬ͘ϭϭϭϭͬũ͘ϭϯϲϱͲϮϱϱϵ͘ϮϬϭϮ͘ϬϰϯϯϬ͘ǆ͘ 
ϯ͘ KŽƌŶĞŐŽŽƌ R͕ VĞƌƐĐŚƵƵƌͲMĂĞƐ AH͕ BƵĞƌŐĞƌ H͕ HŽŐĞŶĞƐ MC͕ ĚĞ BƌƵŝŶ PC͕ OƵĚĞũĂŶƐ JJ Ğƚ Ăů͘ 
MŽůĞĐƵůĂƌ ƐƵďƚǇƉŝŶŐ ŽĨ ŵĂůĞ ďƌĞĂƐƚ ĐĂŶĐĞƌ ďǇ ŝŵŵƵŶŽŚŝƐƚŽĐŚĞŵŝƐƚƌǇ͘ MŽĚ PĂƚŚŽů͘ ϮϬϭϮ͖Ϯϱ;ϯͿ͗ϯϵϴͲ
ϰϬϰ͘ ĚŽŝ͗ϭϬ͘ϭϬϯϴͬŵŽĚƉĂƚŚŽů͘ϮϬϭϭ͘ϭϳϰ͘ 
ϰ͘ KŽƌŶĞŐŽŽƌ R͕ ǀĂŶ DŝĞƐƚ PJ͕ BƵĞƌŐĞƌ H͕ KŽƌƐĐŚŝŶŐ E͘ TƌĂĐŝŶŐ ĚŝĨĨĞƌĞŶĐĞƐ ďĞƚǁĞĞŶ ŵĂůĞ ĂŶĚ ĨĞŵĂůĞ 
ďƌĞĂƐƚ ĐĂŶĐĞƌ͗ ďŽƚŚ ĚŝƐĞĂƐĞƐ ŽǁŶ Ă ĚŝĨĨĞƌĞŶƚ ďŝŽůŽŐǇ͘ HŝƐƚŽƉĂƚŚŽůŽŐǇ͘ ϮϬϭϱ͘ ĚŽŝ͗ϭϬ͘ϭϭϭϭͬŚŝƐ͘ϭϮϳϮϳ͘ 
ϱ͘ CƵƌŝŐůŝĂŶŽ G͕ CŽůůĞŽŶŝ M͕ RĞŶŶĞ G͕ MĂǌǌĂƌŽů G͕ GĞŶŶĂƌŝ R͕ PĞƌƵǌǌŽƚƚŝ G Ğƚ Ăů͘ RĞĐŽŐŶŝǌŝŶŐ ĨĞĂƚƵƌĞƐ 
ƚŚĂƚ ĂƌĞ ĚŝƐƐŝŵŝůĂƌ ŝŶ ŵĂůĞ ĂŶĚ ĨĞŵĂůĞ ďƌĞĂƐƚ ĐĂŶĐĞƌ͗ ĞǆƉƌĞƐƐŝŽŶ ŽĨ ƉϮϭWĂĨϭ ĂŶĚ ƉϮϳKŝƉϭ ƵƐŝŶŐ ĂŶ 
ŝŵŵƵŶŽŚŝƐƚŽĐŚĞŵŝĐĂů ĂƐƐĂǇ͘ AŶŶĂůƐ ŽĨ ŽŶĐŽůŽŐǇ ͗ ŽĨĨŝĐŝĂů ũŽƵƌŶĂů ŽĨ ƚŚĞ EƵƌŽƉĞĂŶ SŽĐŝĞƚǇ ĨŽƌ MĞĚŝĐĂů 
OŶĐŽůŽŐǇ ͬ ESMO͘ ϮϬϬϮ͖ϭϯ;ϲͿ͗ϴϵϱͲϵϬϮ͘  
ϲ͘ BůŽŽŵ KJ͕ GŽǀŝů H͕ GĂƚƚƵƐŽ P͕ RĞĚĚǇ V͕ FƌĂŶĐĞƐĐĂƚƚŝ D͘ SƚĂƚƵƐ ŽĨ HERͲϮ ŝŶ ŵĂůĞ ĂŶĚ ĨĞŵĂůĞ ďƌĞĂƐƚ 
ĐĂƌĐŝŶŽŵĂ͘ Aŵ J SƵƌŐ͘ ϮϬϬϭ͖ϭϴϮ;ϰͿ͗ϯϴϵͲϵϮ͘  
ϳ͘ OƚƚŝŶŝ L͕ SŝůǀĞƐƚƌŝ V͕ RŝǌǌŽůŽ P͕ FĂůĐŚĞƚƚŝ M͕ )ĂŶŶĂ I͕ SĂŝĞǀĂ C Ğƚ Ăů͘ CůŝŶŝĐĂů ĂŶĚ ƉĂƚŚŽůŽŐŝĐ 
ĐŚĂƌĂĐƚĞƌŝƐƚŝĐƐ ŽĨ BRCAͲƉŽƐŝƚŝǀĞ ĂŶĚ BRCAͲŶĞŐĂƚŝǀĞ ŵĂůĞ ďƌĞĂƐƚ ĐĂŶĐĞƌ ƉĂƚŝĞŶƚƐ͗ ƌĞƐƵůƚƐ ĨƌŽŵ Ă 
ĐŽůůĂďŽƌĂƚŝǀĞ ŵƵůƚŝĐĞŶƚĞƌ ƐƚƵĚǇ ŝŶ IƚĂůǇ͘ BƌĞĂƐƚ ĐĂŶĐĞƌ ƌĞƐĞĂƌĐŚ ĂŶĚ ƚƌĞĂƚŵĞŶƚ͘ ϮϬϭϮ͖ϭϯϰ;ϭͿ͗ϰϭϭͲϴ͘ 
ĚŽŝ͗ϭϬ͘ϭϬϬϳͬƐϭϬϱϰϵͲϬϭϮͲϮϬϲϮͲϬ͘ 
ϴ͘ JŽŚĂŶƐƐŽŶ I͕ NŝůƐƐŽŶ C͕ BĞƌŐůƵŶĚ P͕ SƚƌĂŶĚ C͕ JŽŶƐƐŽŶ G͕ SƚĂĂĨ J Ğƚ Ăů͘ HŝŐŚͲƌĞƐŽůƵƚŝŽŶ ŐĞŶŽŵŝĐ 
ƉƌŽĨŝůŝŶŐ ŽĨ ŵĂůĞ ďƌĞĂƐƚ ĐĂŶĐĞƌ ƌĞǀĞĂůƐ ĚŝĨĨĞƌĞŶĐĞƐ ŚŝĚĚĞŶ ďĞŚŝŶĚ ƚŚĞ ƐŝŵŝůĂƌŝƚŝĞƐ ǁŝƚŚ ĨĞŵĂůĞ ďƌĞĂƐƚ 
ĐĂŶĐĞƌ͘ BƌĞĂƐƚ ĐĂŶĐĞƌ ƌĞƐĞĂƌĐŚ ĂŶĚ ƚƌĞĂƚŵĞŶƚ͘ ϮϬϭϭ͖ϭϮϵ;ϯͿ͗ϳϰϳͲϲϬ͘ ĚŽŝ͗ϭϬ͘ϭϬϬϳͬƐϭϬϱϰϵͲϬϭϬͲϭϮϲϮͲϴ͘ 
ϵ͘ JŽŚĂŶƐƐŽŶ I͕ NŝůƐƐŽŶ C͕ BĞƌŐůƵŶĚ P͕ LĂƵƐƐ M͕ RŝŶŐŶĞƌ M͕ OůƐƐŽŶ H Ğƚ Ăů͘ GĞŶĞ ĞǆƉƌĞƐƐŝŽŶ ƉƌŽĨŝůŝŶŐ 
ŽĨ ƉƌŝŵĂƌǇ ŵĂůĞ ďƌĞĂƐƚ ĐĂŶĐĞƌƐ ƌĞǀĞĂůƐ ƚǁŽ ƵŶŝƋƵĞ ƐƵďŐƌŽƵƉƐ ĂŶĚ ŝĚĞŶƚŝĨŝĞƐ NͲĂĐĞƚǇůƚƌĂŶƐĨĞƌĂƐĞͲϭ 
;NATϭͿ ĂƐ Ă ŶŽǀĞů ƉƌŽŐŶŽƐƚŝĐ ďŝŽŵĂƌŬĞƌ͘ BƌĞĂƐƚ ĐĂŶĐĞƌ ƌĞƐĞĂƌĐŚ ͗ BCR͘ ϮϬϭϮ͖ϭϰ;ϭͿ͗Rϯϭ͘ 
ĚŽŝ͗ϭϬ͘ϭϭϴϲͬďĐƌϯϭϭϲ͘ 
ϭϬ͘ CĂůůĂƌŝ M͕ CĂƉƉĞůůĞƚƚŝ V͕ DĞ CĞĐĐŽ L͕ MƵƐĞůůĂ V͕ MŝŽĚŝŶŝ P͕ VĞŶĞƌŽŶŝ S Ğƚ Ăů͘ GĞŶĞ ĞǆƉƌĞƐƐŝŽŶ 
ĂŶĂůǇƐŝƐ ƌĞǀĞĂůƐ Ă ĚŝĨĨĞƌĞŶƚ ƚƌĂŶƐĐƌŝƉƚŽŵŝĐ ůĂŶĚƐĐĂƉĞ ŝŶ ĨĞŵĂůĞ ĂŶĚ ŵĂůĞ ďƌĞĂƐƚ ĐĂŶĐĞƌ͘ BƌĞĂƐƚ ĐĂŶĐĞƌ 
ƌĞƐĞĂƌĐŚ ĂŶĚ ƚƌĞĂƚŵĞŶƚ͘ ϮϬϭϭ͖ϭϮϳ;ϯͿ͗ϲϬϭͲϭϬ͘ ĚŽŝ͗ϭϬ͘ϭϬϬϳͬƐϭϬϱϰϵͲϬϭϬͲϭϬϭϱͲϴ͘ 
ϭϭ͘ PŝƐĐƵŽŐůŝŽ S͕ NŐ CK͕ MƵƌƌĂǇ MP͕ GƵĞƌŝŶŝͲRŽĐĐŽ E͕ MĂƌƚĞůŽƚƚŽ LG͕ GĞǇĞƌ FC Ğƚ Ăů͘ TŚĞ GĞŶŽŵŝĐ 
LĂŶĚƐĐĂƉĞ ŽĨ MĂůĞ BƌĞĂƐƚ CĂŶĐĞƌƐ͘ CůŝŶ CĂŶĐĞƌ RĞƐ͘ ϮϬϭϲ͘ ĚŽŝ͗ϭϬ͘ϭϭϱϴͬϭϬϳϴͲϬϰϯϮ͘ĐĐƌͲϭϱͲϮϴϰϬ͘ 
ϭϮ͘ KŽƌŶĞŐŽŽƌ R͕ MŽĞůĂŶƐ CB͕ VĞƌƐĐŚƵƵƌͲMĂĞƐ AH͕ HŽŐĞŶĞƐ M͕ ĚĞ BƌƵŝŶ PC͕ OƵĚĞũĂŶƐ JJ Ğƚ Ăů͘ 
PƌŽŵŽƚĞƌ ŚǇƉĞƌŵĞƚŚǇůĂƚŝŽŶ ŝŶ ŵĂůĞ ďƌĞĂƐƚ ĐĂŶĐĞƌ͗ ĂŶĂůǇƐŝƐ ďǇ ŵƵůƚŝƉůĞǆ ůŝŐĂƚŝŽŶͲĚĞƉĞŶĚĞŶƚ ƉƌŽďĞ 
ĂŵƉůŝĨŝĐĂƚŝŽŶ͘ BƌĞĂƐƚ ĐĂŶĐĞƌ ƌĞƐĞĂƌĐŚ ͗ BCR͘ ϮϬϭϮ͖ϭϰ;ϰͿ͗RϭϬϭ͘ ĚŽŝ͗ϭϬ͘ϭϭϴϲͬďĐƌϯϮϮϬ͘ 
ϭϯ͘ PŝŶƚŽ R͕ PŝůĂƚŽ B͕ OƚƚŝŶŝ L͕ LĂŵďŽ R͕ SŝŵŽŶĞ G͕ PĂƌĂĚŝƐŽ A Ğƚ Ăů͘ DŝĨĨĞƌĞŶƚ ŵĞƚŚǇůĂƚŝŽŶ ĂŶĚ 
MŝĐƌŽRNA ĞǆƉƌĞƐƐŝŽŶ ƉĂƚƚĞƌŶ ŝŶ ŵĂůĞ ĂŶĚ ĨĞŵĂůĞ ĨĂŵŝůŝĂů ďƌĞĂƐƚ ĐĂŶĐĞƌ͘ JŽƵƌŶĂů ŽĨ CĞůůƵůĂƌ 
PŚǇƐŝŽůŽŐǇ͘ ϮϬϭϯ͖ϮϮϴ;ϲͿ͗ϭϮϲϰͲϵ͘ ĚŽŝ͗ϭϬ͘ϭϬϬϮͬũĐƉ͘ϮϰϮϴϭ͘ 
ϭϰ͘ FĂƐƐĂŶ M͕ BĂĨĨĂ R͕ PĂůĂǌǌŽ JP͕ LůŽǇĚ J͕ CƌŽƐĂƌŝŽů M͕ LŝƵ CG Ğƚ Ăů͘ MŝĐƌŽRNA ĞǆƉƌĞƐƐŝŽŶ ƉƌŽĨŝůŝŶŐ ŽĨ 
ŵĂůĞ ďƌĞĂƐƚ ĐĂŶĐĞƌ͘ BƌĞĂƐƚ ĐĂŶĐĞƌ ƌĞƐĞĂƌĐŚ ͗ BCR͘ ϮϬϬϵ͖ϭϭ;ϰͿ͗Rϱϴ͘ ĚŽŝ͗ϭϬ͘ϭϭϴϲͬďĐƌϮϯϰϴ͘ 
ϭϱ͘ LĞŚŵĂŶŶ U͕ SƚƌĞŝĐŚĞƌƚ T͕ OƚƚŽ B͕ AůďĂƚ C͕ HĂƐĞŵĞŝĞƌ B͕ CŚƌŝƐƚŐĞŶ H Ğƚ Ăů͘ IĚĞŶƚŝĨŝĐĂƚŝŽŶ ŽĨ 
ĚŝĨĨĞƌĞŶƚŝĂůůǇ ĞǆƉƌĞƐƐĞĚ ŵŝĐƌŽRNAƐ ŝŶ ŚƵŵĂŶ ŵĂůĞ ďƌĞĂƐƚ ĐĂŶĐĞƌ͘ BMC ĐĂŶĐĞƌ͘ ϮϬϭϬ͖ϭϬ͗ϭϬϵ͘ 
ĚŽŝ͗ϭϬ͘ϭϭϴϲͬϭϰϳϭͲϮϰϬϳͲϭϬͲϭϬϵ͘ 
ϭϲ͘ JŽŚĂŶƐƐŽŶ I͕ RŝŶŐŶĞƌ M͕ HĞĚĞŶĨĂůŬ I͘ TŚĞ ůĂŶĚƐĐĂƉĞ ŽĨ ĐĂŶĚŝĚĂƚĞ ĚƌŝǀĞƌ ŐĞŶĞƐ ĚŝĨĨĞƌƐ ďĞƚǁĞĞŶ 
ŵĂůĞ ĂŶĚ ĨĞŵĂůĞ ďƌĞĂƐƚ ĐĂŶĐĞƌ͘ PůŽS ŽŶĞ͘ ϮϬϭϯ͖ϴ;ϭϬͿ͗ĞϳϴϮϵϵ͘ ĚŽŝ͗ϭϬ͘ϭϯϳϭͬũŽƵƌŶĂů͘ƉŽŶĞ͘ϬϬϳϴϮϵϵ͘ 



ϮϬ 
 

ϭϳ͘ BƌĂŶŶŽŶ AR͕ FƌŝǌǌŝĞƌŽ M͕ CŚĞŶ D͕ HƵŵŵĞů J͕ GĂůůŽ J͕ RŝĞƐƚĞƌ M Ğƚ Ăů͘ MŽůĞĐƵůĂƌ ĂŶĂůǇƐŝƐ ŽĨ Ă ŵĂůĞ 
ďƌĞĂƐƚ ĐĂŶĐĞƌ ƉĂƚŝĞŶƚ ǁŝƚŚ ƉƌŽůŽŶŐĞĚ ƐƚĂďůĞ ĚŝƐĞĂƐĞ ƵŶĚĞƌ ŵTORͬPIϯK ŝŶŚŝďŝƚŽƌƐ 
BE)ϮϯϱͬĞǀĞƌŽůŝŵƵƐ͘ CŽůĚ SƉƌŝŶŐ HĂƌďŽƌ MŽůĞĐƵůĂƌ CĂƐĞ SƚƵĚŝĞƐ͘ ϮϬϭϲ͖Ϯ;ϮͿ͗ĂϬϬϬϲϮϬ͘ 
ĚŽŝ͗ϭϬ͘ϭϭϬϭͬŵĐƐ͘ĂϬϬϬϲϮϬ͘ 
ϭϴ͘ MƵůůŝŐĂŶ JM͕ Hŝůů LA͕ DĞŚĂƌŽ S͕ IƌǁŝŶ G͕ BŽǇůĞ D͕ KĞĂƚŝŶŐ KE Ğƚ Ăů͘ IĚĞŶƚŝĨŝĐĂƚŝŽŶ ĂŶĚ VĂůŝĚĂƚŝŽŶ ŽĨ 
ĂŶ AŶƚŚƌĂĐǇĐůŝŶĞͬCǇĐůŽƉŚŽƐƉŚĂŵŝĚĞʹBĂƐĞĚ CŚĞŵŽƚŚĞƌĂƉǇ RĞƐƉŽŶƐĞ AƐƐĂǇ ŝŶ BƌĞĂƐƚ CĂŶĐĞƌ͘ JŽƵƌŶĂů 
ŽĨ ƚŚĞ NĂƚŝŽŶĂů CĂŶĐĞƌ IŶƐƚŝƚƵƚĞ͘ ϮϬϭϰ͖ϭϬϲ;ϭͿ͘ ĚŽŝ͗ϭϬ͘ϭϬϵϯͬũŶĐŝͬĚũƚϯϯϱ͘ 
ϭϵ͘ MĐSŚĂŶĞ LM͕ AůƚŵĂŶ DG͕ SĂƵĞƌďƌĞŝ W͕ TĂƵďĞ SE͕ GŝŽŶ M͕ CůĂƌŬ GM͘ REƉŽƌƚŝŶŐ 
ƌĞĐŽŵŵĞŶĚĂƚŝŽŶƐ ĨŽƌ ƚƵŵŽƵƌ MARKĞƌ ƉƌŽŐŶŽƐƚŝĐ ƐƚƵĚŝĞƐ ;REMARKͿ͘ BƌŝƚŝƐŚ ũŽƵƌŶĂů ŽĨ ĐĂŶĐĞƌ͘ 
ϮϬϬϱ͖ϵϯ;ϰͿ͗ϯϴϳͲϵϭ͘ ĚŽŝ͗ϭϬ͘ϭϬϯϴͬƐũ͘ďũĐ͘ϲϲϬϮϲϳϴ͘ 
ϮϬ͘ CŽůĞŵĂŶ LJ͕ PĞƚĞƌ MB͕ TĞĂůů TJ͕ BƌĂŶŶĂŶ RA͕ HĂŶďǇ AM͕ HŽŶĂƌƉŝƐŚĞŚ H Ğƚ Ăů͘ CŽŵďŝŶĞĚ ĂŶĂůǇƐŝƐ 
ŽĨ ĞIFϰE ĂŶĚ ϰEͲďŝŶĚŝŶŐ ƉƌŽƚĞŝŶ ĞǆƉƌĞƐƐŝŽŶ ƉƌĞĚŝĐƚƐ ďƌĞĂƐƚ ĐĂŶĐĞƌ ƐƵƌǀŝǀĂů ĂŶĚ ĞƐƚŝŵĂƚĞƐ ĞIFϰE 
ĂĐƚŝǀŝƚǇ͘ BƌŝƚŝƐŚ ũŽƵƌŶĂů ŽĨ ĐĂŶĐĞƌ͘ ϮϬϬϵ͖ϭϬϬ;ϵͿ͗ϭϯϵϯͲϵ͘ ĚŽŝ͗ϭϬ͘ϭϬϯϴͬƐũ͘ďũĐ͘ϲϲϬϱϬϰϰ͘ 
Ϯϭ͘ )ŚŽƵ S͕ WĂŶŐ GͲP͕ LŝƵ C͕ )ŚŽƵ M͘ EƵŬĂƌǇŽƚŝĐ IŶŝƚŝĂƚŝŽŶ FĂĐƚŽƌ ϰE ;ĞIFϰEͿ ĂŶĚ ĂŶŐŝŽŐĞŶĞƐŝƐ͗ 
ƉƌŽŐŶŽƐƚŝĐ ŵĂƌŬĞƌƐ ĨŽƌ ďƌĞĂƐƚ ĐĂŶĐĞƌ͘ BMC ĐĂŶĐĞƌ͘ ϮϬϬϲ͖ϲ͗ϮϯϭͲ͘ ĚŽŝ͗ϭϬ͘ϭϭϴϲͬϭϰϳϭͲϮϰϬϳͲϲͲϮϯϭ͘ 
ϮϮ͘ BƵĚĐǌŝĞƐ J͕ KůĂƵƐĐŚĞŶ F͕ SŝŶŶ BV͕ GǇŽƌĨĨǇ B͕ SĐŚŵŝƚƚ WD͕ DĂƌďͲEƐĨĂŚĂŶŝ S Ğƚ Ăů͘ CƵƚŽĨĨ FŝŶĚĞƌ͗ Ă 
ĐŽŵƉƌĞŚĞŶƐŝǀĞ ĂŶĚ ƐƚƌĂŝŐŚƚĨŽƌǁĂƌĚ WĞď ĂƉƉůŝĐĂƚŝŽŶ ĞŶĂďůŝŶŐ ƌĂƉŝĚ ďŝŽŵĂƌŬĞƌ ĐƵƚŽĨĨ ŽƉƚŝŵŝǌĂƚŝŽŶ͘ 
PůŽS ŽŶĞ͘ ϮϬϭϮ͖ϳ;ϭϮͿ͗ĞϱϭϴϲϮ͘ ĚŽŝ͗ϭϬ͘ϭϯϳϭͬũŽƵƌŶĂů͘ƉŽŶĞ͘ϬϬϱϭϴϲϮ͘ 
Ϯϯ͘ Lŝ BD͕ MĐDŽŶĂůĚ JC͕ NĂƐƐĂƌ R͕ DĞ BĞŶĞĚĞƚƚŝ A͘ CůŝŶŝĐĂů ŽƵƚĐŽŵĞ ŝŶ ƐƚĂŐĞ I ƚŽ III ďƌĞĂƐƚ ĐĂƌĐŝŶŽŵĂ 
ĂŶĚ ĞIFϰE ŽǀĞƌĞǆƉƌĞƐƐŝŽŶ͘ AŶŶĂůƐ ŽĨ ƐƵƌŐĞƌǇ͘ ϭϵϵϴ͖ϮϮϳ;ϱͿ͗ϳϱϲͲϲϯ͘  
Ϯϰ͘ SŚŝ J͕ KĂŚůĞ A͕ HĞƌƐŚĞǇ JW͕ HŽŶĐŚĂŬ BM͕ WĂƌŶĞŬĞ JA͕ LĞŽŶŐ SP Ğƚ Ăů͘ DĞĐƌĞĂƐĞĚ ĞǆƉƌĞƐƐŝŽŶ ŽĨ 
ĞƵŬĂƌǇŽƚŝĐ ŝŶŝƚŝĂƚŝŽŶ ĨĂĐƚŽƌ ϯĨ ĚĞƌĞŐƵůĂƚĞƐ ƚƌĂŶƐůĂƚŝŽŶ ĂŶĚ ĂƉŽƉƚŽƐŝƐ ŝŶ ƚƵŵŽƌ ĐĞůůƐ͘ OŶĐŽŐĞŶĞ͘ 
ϮϬϬϲ͖Ϯϱ;ϯϱͿ͗ϰϵϮϯͲϯϲ͘ ĚŽŝ͗ϭϬ͘ϭϬϯϴͬƐũ͘ŽŶĐ͘ϭϮϬϵϰϵϱ͘ 
Ϯϱ͘ SŽƌƌĞůůƐ DL͕ BůĂĐŬ DR͕ MĞƐĐŚŽŶĂƚ C͕ RŚŽĂĚƐ R͕ DĞ BĞŶĞĚĞƚƚŝ A͕ GĂŽ M Ğƚ Ăů͘ DĞƚĞĐƚŝŽŶ ŽĨ ĞIFϰE 
ŐĞŶĞ ĂŵƉůŝĨŝĐĂƚŝŽŶ ŝŶ ďƌĞĂƐƚ ĐĂŶĐĞƌ ďǇ ĐŽŵƉĞƚŝƚŝǀĞ PCR͘ AŶŶĂůƐ ŽĨ ƐƵƌŐŝĐĂů ŽŶĐŽůŽŐǇ͘ ϭϵϵϴ͖ϱ;ϯͿ͗ϮϯϮͲ
ϳ͘  
Ϯϲ͘ KĞƌĞŬĂƚƚĞ V͕ SŵŝůĞǇ K͕ HƵ B͕ SŵŝƚŚ A͕ GĞůĚĞƌ F͕ DĞ BĞŶĞĚĞƚƚŝ A͘ TŚĞ ƉƌŽƚŽͲŽŶĐŽŐĞŶĞͬƚƌĂŶƐůĂƚŝŽŶ 
ĨĂĐƚŽƌ ĞIFϰE͗ Ă ƐƵƌǀĞǇ ŽĨ ŝƚƐ ĞǆƉƌĞƐƐŝŽŶ ŝŶ ďƌĞĂƐƚ ĐĂƌĐŝŶŽŵĂƐ͘ IŶƚĞƌŶĂƚŝŽŶĂů ũŽƵƌŶĂů ŽĨ ĐĂŶĐĞƌ JŽƵƌŶĂů 
ŝŶƚĞƌŶĂƚŝŽŶĂů ĚƵ ĐĂŶĐĞƌ͘ ϭϵϵϱ͖ϲϰ;ϭͿ͗ϮϳͲϯϭ͘  
Ϯϳ͘ GŝŶŐƌĂƐ AC͕ RĂƵŐŚƚ B͕ SŽŶĞŶďĞƌŐ N͘ ĞIFϰ ŝŶŝƚŝĂƚŝŽŶ ĨĂĐƚŽƌƐ͗ ĞĨĨĞĐƚŽƌƐ ŽĨ ŵRNA ƌĞĐƌƵŝƚŵĞŶƚ ƚŽ 
ƌŝďŽƐŽŵĞƐ ĂŶĚ ƌĞŐƵůĂƚŽƌƐ ŽĨ ƚƌĂŶƐůĂƚŝŽŶ͘ AŶŶƵ RĞǀ BŝŽĐŚĞŵ͘ ϭϵϵϵ͖ϲϴ͗ϵϭϯͲϲϯ͘ 
ĚŽŝ͗ϭϬ͘ϭϭϰϲͬĂŶŶƵƌĞǀ͘ďŝŽĐŚĞŵ͘ϲϴ͘ϭ͘ϵϭϯ͘ 
Ϯϴ͘ BŚĂƚ M͕ RŽďŝĐŚĂƵĚ N͕ HƵůĞĂ L͕ SŽŶĞŶďĞƌŐ N͕ PĞůůĞƚŝĞƌ J͕ TŽƉŝƐŝƌŽǀŝĐ I͘ TĂƌŐĞƚŝŶŐ ƚŚĞ ƚƌĂŶƐůĂƚŝŽŶ 
ŵĂĐŚŝŶĞƌǇ ŝŶ ĐĂŶĐĞƌ͘ NĂƚ RĞǀ DƌƵŐ DŝƐĐŽǀ͘ ϮϬϭϱ͖ϭϰ;ϰͿ͗ϮϲϭͲϳϴ͘ ĚŽŝ͗ϭϬ͘ϭϬϯϴͬŶƌĚϰϱϬϱ͘ 
Ϯϵ͘ HĞŝŬŬŝŶĞŶ T͕ KŽƌƉĞůĂ T͕ FĂŐĞƌŚŽůŵ R͕ KŚĂŶ S͕ AŝƚƚŽŵĂŬŝ K͕ HĞŝŬŬŝůĂ P Ğƚ Ăů͘ EƵŬĂƌǇŽƚŝĐ ƚƌĂŶƐůĂƚŝŽŶ 
ŝŶŝƚŝĂƚŝŽŶ ĨĂĐƚŽƌ ϰE ;ĞIFϰEͿ ĞǆƉƌĞƐƐŝŽŶ ŝƐ ĂƐƐŽĐŝĂƚĞĚ ǁŝƚŚ ďƌĞĂƐƚ ĐĂŶĐĞƌ ƚƵŵŽƌ ƉŚĞŶŽƚǇƉĞ ĂŶĚ ƉƌĞĚŝĐƚƐ 
ƐƵƌǀŝǀĂů ĂĨƚĞƌ ĂŶƚŚƌĂĐǇĐůŝŶĞ ĐŚĞŵŽƚŚĞƌĂƉǇ ƚƌĞĂƚŵĞŶƚ͘ BƌĞĂƐƚ ĐĂŶĐĞƌ ƌĞƐĞĂƌĐŚ ĂŶĚ ƚƌĞĂƚŵĞŶƚ͘ 
ϮϬϭϯ͖ϭϰϭ;ϭͿ͗ϳϵͲϴϴ͘ ĚŽŝ͗ϭϬ͘ϭϬϬϳͬƐϭϬϱϰϵͲϬϭϯͲϮϲϳϭͲϮ͘ 
ϯϬ͘ )ŚŽƵ S͕ WĂŶŐ GP͕ LŝƵ C͕ )ŚŽƵ M͘ EƵŬĂƌǇŽƚŝĐ ŝŶŝƚŝĂƚŝŽŶ ĨĂĐƚŽƌ ϰE ;ĞIFϰEͿ ĂŶĚ ĂŶŐŝŽŐĞŶĞƐŝƐ͗ 
ƉƌŽŐŶŽƐƚŝĐ ŵĂƌŬĞƌƐ ĨŽƌ ďƌĞĂƐƚ ĐĂŶĐĞƌ͘ BMC ĐĂŶĐĞƌ͘ ϮϬϬϲ͖ϲ͗Ϯϯϭ͘ ĚŽŝ͗ϭϬ͘ϭϭϴϲͬϭϰϳϭͲϮϰϬϳͲϲͲϮϯϭ͘ 
ϯϭ͘ YŝŶ X͕ Kŝŵ RH͕ SƵŶ G͕ MŝůůĞƌ JK͕ Lŝ BD͘ OǀĞƌĞǆƉƌĞƐƐŝŽŶ ŽĨ ĞƵŬĂƌǇŽƚŝĐ ŝŶŝƚŝĂƚŝŽŶ ĨĂĐƚŽƌ ϰE ŝƐ 
ĐŽƌƌĞůĂƚĞĚ ǁŝƚŚ ŝŶĐƌĞĂƐĞĚ ƌŝƐŬ ĨŽƌ ƐǇƐƚĞŵŝĐ ĚŝƐƐĞŵŝŶĂƚŝŽŶ ŝŶ ŶŽĚĞͲƉŽƐŝƚŝǀĞ ďƌĞĂƐƚ ĐĂŶĐĞƌ ƉĂƚŝĞŶƚƐ͘ 
JŽƵƌŶĂů ŽĨ ƚŚĞ AŵĞƌŝĐĂŶ CŽůůĞŐĞ ŽĨ SƵƌŐĞŽŶƐ͘ ϮϬϭϰ͖Ϯϭϴ;ϰͿ͗ϲϲϯͲϳϭ͘ 
ĚŽŝ͗ϭϬ͘ϭϬϭϲͬũ͘ũĂŵĐŽůůƐƵƌŐ͘ϮϬϭϯ͘ϭϮ͘ϬϮϬ͘ 
ϯϮ͘ MŝůůŝĐĂŶͲSůĂƚĞƌ RA͕ SĂǇĞƌƐ CD͕ HĂŶďǇ AM͕ HƵŐŚĞƐ TA͘ EǆƉƌĞƐƐŝŽŶ ŽĨ ƉŚŽƐƉŚŽƌǇůĂƚĞĚ ĞIFϰEͲďŝŶĚŝŶŐ 
ƉƌŽƚĞŝŶ ϭ͕ ďƵƚ ŶŽƚ ŽĨ ĞIFϰE ŝƚƐĞůĨ͕ ƉƌĞĚŝĐƚƐ ƐƵƌǀŝǀĂů ŝŶ ŵĂůĞ ďƌĞĂƐƚ ĐĂŶĐĞƌ͘ BƌŝƚŝƐŚ ũŽƵƌŶĂů ŽĨ ĐĂŶĐĞƌ͘ 
ϮϬϭϲ͘ ĚŽŝ͗ϭϬ͘ϭϬϯϴͬďũĐ͘ϮϬϭϲ͘ϭϳϴ͘ 
ϯϯ͘ MĂƌĐŚŝž C͕ DŽǁƐĞƚƚ M͕ RĞŝƐͲFŝůŚŽ JS͘ RĞǀŝƐŝƚŝŶŐ ƚŚĞ ƚĞĐŚŶŝĐĂů ǀĂůŝĚĂƚŝŽŶ ŽĨ ƚƵŵŽƵƌ ďŝŽŵĂƌŬĞƌ 
ĂƐƐĂǇƐ͗ ŚŽǁ ƚŽ ŽƉĞŶ Ă PĂŶĚŽƌĂΖƐ ďŽǆ͘ BMC MĞĚŝĐŝŶĞ͘ ϮϬϭϭ͖ϵ;ϭͿ͗ϭͲϲ͘ ĚŽŝ͗ϭϬ͘ϭϭϴϲͬϭϳϰϭͲϳϬϭϱͲϵͲϰϭ͘ 
ϯϰ͘ DŝĂŵĂŶĚŝƐ EP͘ CĂŶĐĞƌ BŝŽŵĂƌŬĞƌƐ͗ CĂŶ WĞ TƵƌŶ RĞĐĞŶƚ FĂŝůƵƌĞƐ ŝŶƚŽ SƵĐĐĞƐƐ͍ JNCI JŽƵƌŶĂů ŽĨ ƚŚĞ 
NĂƚŝŽŶĂů CĂŶĐĞƌ IŶƐƚŝƚƵƚĞ͘ ϮϬϭϬ͖ϭϬϮ;ϭϵͿ͗ϭϰϲϮͲϳ͘ ĚŽŝ͗ϭϬ͘ϭϬϵϯͬũŶĐŝͬĚũƋϯϬϲ͘ 



Ϯϭ 
 

ϯϱ͘ WĞŝŐĞů MT͕ DŽǁƐĞƚƚ M͘ CƵƌƌĞŶƚ ĂŶĚ ĞŵĞƌŐŝŶŐ ďŝŽŵĂƌŬĞƌƐ ŝŶ ďƌĞĂƐƚ ĐĂŶĐĞƌ͗ ƉƌŽŐŶŽƐŝƐ ĂŶĚ 
ƉƌĞĚŝĐƚŝŽŶ͘ EŶĚŽĐƌ RĞůĂƚ CĂŶĐĞƌ͘ ϮϬϭϬ͖ϭϳ;ϰͿ͗RϮϰϱͲϲϮ͘ ĚŽŝ͗ϭϬ͘ϭϲϳϳͬĞƌĐͲϭϬͲϬϭϯϲ͘ 
ϯϲ͘ GŝŽƌĚĂŶŽ S͕ CŽŚĞŶ D͕ BƵǌĚĂƌ A͕ PĞƌŬŝŶƐ G͕ HŽƌƚŽďĂŐǇŝ G͘ BƌĞĂƐƚ ĐĂƌĐŝŶŽŵĂ ŝŶ ŵĞŶ͗ Ă ƉŽƉƵůĂƚŝŽŶͲ
ďĂƐĞĚ ƐƚƵĚǇ͘ CĂŶĐĞƌ͘ ϮϬϬϰ͖ϭϬϭ͗ϱϭ Ͳ ϳ͘  
ϯϳ͘ NĂŚůĞŚ )͕ GŝƌŶŝƵƐ S͘ MĂůĞ ďƌĞĂƐƚ ĐĂŶĐĞƌ͗ Ă ŐĞŶĚĞƌ ŝƐƐƵĞ͘ NĂƚ CůŝŶ PƌĂĐ OŶĐŽů͘ ϮϬϬϲ͖ϯ;ϴͿ͗ϰϮϴͲϯϳ͘  
ϯϴ͘ AŶĚĞƌƐŽŶ WF͕ AůƚŚƵŝƐ MD͕ BƌŝŶƚŽŶ LA͕ DĞǀĞƐĂ SS͘ IƐ ŵĂůĞ ďƌĞĂƐƚ ĐĂŶĐĞƌ ƐŝŵŝůĂƌ Žƌ ĚŝĨĨĞƌĞŶƚ ƚŚĂŶ 
ĨĞŵĂůĞ ďƌĞĂƐƚ ĐĂŶĐĞƌ͍ BƌĞĂƐƚ ĐĂŶĐĞƌ ƌĞƐĞĂƌĐŚ ĂŶĚ ƚƌĞĂƚŵĞŶƚ͘ ϮϬϬϰ͖ϴϯ;ϭͿ͗ϳϳͲϴϲ͘ 
ĚŽŝ͗ϭϬ͘ϭϬϮϯͬB͗BREA͘ϬϬϬϬϬϭϬϳϬϭ͘ϬϴϴϮϱ͘ϮĚ͘ 
ϯϵ͘ FůŽǁĞƌƐ A͕ CŚƵ QD͕ PĂŶƵ L͕ MĞƐĐŚŽŶĂƚ C͕ CĂůĚŝƚŽ G͕ LŽǁĞƌǇͲNŽƌĚďĞƌŐ M Ğƚ Ăů͘ EƵŬĂƌǇŽƚŝĐ 
ŝŶŝƚŝĂƚŝŽŶ ĨĂĐƚŽƌ ϰE ŽǀĞƌĞǆƉƌĞƐƐŝŽŶ ŝŶ ƚƌŝƉůĞͲŶĞŐĂƚŝǀĞ ďƌĞĂƐƚ ĐĂŶĐĞƌ ƉƌĞĚŝĐƚƐ Ă ǁŽƌƐĞ ŽƵƚĐŽŵĞ͘ 
SƵƌŐĞƌǇ͘ ϮϬϬϵ͖ϭϰϲ;ϮͿ͗ϮϮϬͲϲ͘ ĚŽŝ͗ϭϬ͘ϭϬϭϲͬũ͘ƐƵƌŐ͘ϮϬϬϵ͘Ϭϱ͘ϬϭϬ͘ 
ϰϬ͘ CŽŶƚĞ MR͕ KĞůůǇ G͕ BĂďŽŶ J͕ SĂŶĨĞůŝĐĞ D͕ YŽƵĞůů J͕ SŵĞƌĚŽŶ SJ Ğƚ Ăů͘ SƚƌƵĐƚƵƌĞ ŽĨ ƚŚĞ ĞƵŬĂƌǇŽƚŝĐ 
ŝŶŝƚŝĂƚŝŽŶ ĨĂĐƚŽƌ ;ĞIFͿ ϱ ƌĞǀĞĂůƐ Ă ĨŽůĚ ĐŽŵŵŽŶ ƚŽ ƐĞǀĞƌĂů ƚƌĂŶƐůĂƚŝŽŶ ĨĂĐƚŽƌƐ͘ BŝŽĐŚĞŵŝƐƚƌǇ͘ 
ϮϬϬϲ͖ϰϱ;ϭϰͿ͗ϰϱϱϬͲϴ͘ ĚŽŝ͗ϭϬ͘ϭϬϮϭͬďŝϬϱϮϯϴϳƵ͘ 
ϰϭ͘ FŽƌŽǌĂŶ F͕ MĂŚůĂŵĂŬŝ EH͕ MŽŶŶŝ O͕ CŚĞŶ Y͕ VĞůĚŵĂŶ R͕ JŝĂŶŐ Y Ğƚ Ăů͘ CŽŵƉĂƌĂƚŝǀĞ ŐĞŶŽŵŝĐ 
ŚǇďƌŝĚŝǌĂƚŝŽŶ ĂŶĂůǇƐŝƐ ŽĨ ϯϴ ďƌĞĂƐƚ ĐĂŶĐĞƌ ĐĞůů ůŝŶĞƐ͗ Ă ďĂƐŝƐ ĨŽƌ ŝŶƚĞƌƉƌĞƚŝŶŐ ĐŽŵƉůĞŵĞŶƚĂƌǇ DNA 
ŵŝĐƌŽĂƌƌĂǇ ĚĂƚĂ͘ CĂŶĐĞƌ ƌĞƐĞĂƌĐŚ͘ ϮϬϬϬ͖ϲϬ;ϭϲͿ͗ϰϱϭϵͲϮϱ͘  
ϰϮ͘ DŽůĚĂŶ A͕ CŚĂŶĚƌĂŵŽƵůŝ A͕ SŚĂŶĂƐ R͕ BŚĂƚƚĂĐŚĂƌǇǇĂ A͕ CƵŶŶŝŶŐŚĂŵ JT͕ NĞůƐŽŶ MA Ğƚ Ăů͘ LŽƐƐ ŽĨ 
ƚŚĞ ĞƵŬĂƌǇŽƚŝĐ ŝŶŝƚŝĂƚŝŽŶ ĨĂĐƚŽƌ ϯĨ ŝŶ ƉĂŶĐƌĞĂƚŝĐ ĐĂŶĐĞƌ͘ MŽů CĂƌĐŝŶŽŐ͘ ϮϬϬϴ͖ϰϳ;ϯͿ͗ϮϯϱͲϰϰ͘ 
ĚŽŝ͗ϭϬ͘ϭϬϬϮͬŵĐ͘ϮϬϯϳϵ͘ 
ϰϯ͘ SĐŚĞǁĞ DM͕ AŐƵŝƌƌĞͲGŚŝƐŽ JA͘ IŶŚŝďŝƚŝŽŶ ŽĨ ĞIFϮĂůƉŚĂ ĚĞƉŚŽƐƉŚŽƌǇůĂƚŝŽŶ ŵĂǆŝŵŝǌĞƐ ďŽƌƚĞǌŽŵŝď 
ĞĨĨŝĐŝĞŶĐǇ ĂŶĚ ĞůŝŵŝŶĂƚĞƐ ƋƵŝĞƐĐĞŶƚ ŵƵůƚŝƉůĞ ŵǇĞůŽŵĂ ĐĞůůƐ ƐƵƌǀŝǀŝŶŐ ƉƌŽƚĞĂƐŽŵĞ ŝŶŚŝďŝƚŽƌ ƚŚĞƌĂƉǇ͘ 
CĂŶĐĞƌ ƌĞƐĞĂƌĐŚ͘ ϮϬϬϵ͖ϲϵ;ϰͿ͗ϭϱϰϱͲϱϮ͘ ĚŽŝ͗ϭϬ͘ϭϭϱϴͬϬϬϬϴͲϱϰϳϮ͘ĐĂŶͲϬϴͲϯϴϱϴ͘ 
ϰϰ͘ HŽŶŐ DS͕ KƵƌǌƌŽĐŬ R͕ OŚ Y͕ WŚĞůĞƌ J͕ NĂŝŶŐ A͕ BƌĂŝů L Ğƚ Ăů͘ A ƉŚĂƐĞ ϭ ĚŽƐĞ ĞƐĐĂůĂƚŝŽŶ͕ 
ƉŚĂƌŵĂĐŽŬŝŶĞƚŝĐ͕ ĂŶĚ ƉŚĂƌŵĂĐŽĚǇŶĂŵŝĐ ĞǀĂůƵĂƚŝŽŶ ŽĨ ĞIFͲϰE ĂŶƚŝƐĞŶƐĞ ŽůŝŐŽŶƵĐůĞŽƚŝĚĞ LYϮϮϳϱϳϵϲ 
ŝŶ ƉĂƚŝĞŶƚƐ ǁŝƚŚ ĂĚǀĂŶĐĞĚ ĐĂŶĐĞƌ͘ CůŝŶ CĂŶĐĞƌ RĞƐ͘ ϮϬϭϭ͖ϭϳ;ϮϬͿ͗ϲϱϴϮͲϵϭ͘ ĚŽŝ͗ϭϬ͘ϭϭϱϴͬϭϬϳϴͲϬϰϯϮ͘ĐĐƌͲ
ϭϭͲϬϰϯϬ͘ 
ϰϱ͘ BĂƐĞůŐĂ J͕ CĂŵƉŽŶĞ M͕ PŝĐĐĂƌƚ M͕ BƵƌƌŝƐ HA͕ RƵŐŽ HS͕ SĂŚŵŽƵĚ T Ğƚ Ăů͘ EǀĞƌŽůŝŵƵƐ ŝŶ 
PŽƐƚŵĞŶŽƉĂƵƐĂů HŽƌŵŽŶĞͲRĞĐĞƉƚŽƌʹPŽƐŝƚŝǀĞ AĚǀĂŶĐĞĚ BƌĞĂƐƚ CĂŶĐĞƌ͘ NĞǁ EŶŐůĂŶĚ JŽƵƌŶĂů ŽĨ 
MĞĚŝĐŝŶĞ͘ ϮϬϭϮ͖ϯϲϲ;ϲͿ͗ϱϮϬͲϵ͘ ĚŽŝ͗ĚŽŝ͗ϭϬ͘ϭϬϱϲͬNEJMŽĂϭϭϬϵϲϱϯ͘ 
ϰϲ͘ YĂƌĚůĞǇ DA͕ NŽŐƵĐŚŝ S͕ PƌŝƚĐŚĂƌĚ KI͕ BƵƌƌŝƐ HA͕ BĂƐĞůŐĂ J͕ GŶĂŶƚ M Ğƚ Ăů͘ EǀĞƌŽůŝŵƵƐ PůƵƐ 
EǆĞŵĞƐƚĂŶĞ ŝŶ PŽƐƚŵĞŶŽƉĂƵƐĂů PĂƚŝĞŶƚƐ ǁŝƚŚ HR;нͿ BƌĞĂƐƚ CĂŶĐĞƌ͗ BOLEROͲϮ FŝŶĂů PƌŽŐƌĞƐƐŝŽŶͲFƌĞĞ 
SƵƌǀŝǀĂů AŶĂůǇƐŝƐ͘ AĚǀĂŶĐĞƐ ŝŶ TŚĞƌĂƉǇ͘ ϮϬϭϯ͖ϯϬ;ϭϬͿ͗ϴϳϬͲϴϰ͘ ĚŽŝ͗ϭϬ͘ϭϬϬϳͬƐϭϮϯϮϱͲϬϭϯͲϬϬϲϬͲϭ͘ 
ϰϳ͘ BŝƐƐůĞƌ JJ͕ MĐCŽƌŵĂĐŬ FX͕ YŽƵŶŐ LR͕ EůǁŝŶŐ JM͕ CŚƵĐŬ G͕ LĞŽŶĂƌĚ JM Ğƚ Ăů͘ SŝƌŽůŝŵƵƐ ĨŽƌ 
AŶŐŝŽŵǇŽůŝƉŽŵĂ ŝŶ TƵďĞƌŽƵƐ SĐůĞƌŽƐŝƐ CŽŵƉůĞǆ Žƌ LǇŵƉŚĂŶŐŝŽůĞŝŽŵǇŽŵĂƚŽƐŝƐ͘ NĞǁ EŶŐůĂŶĚ 
JŽƵƌŶĂů ŽĨ MĞĚŝĐŝŶĞ͘ ϮϬϬϴ͖ϯϱϴ;ϮͿ͗ϭϰϬͲϱϭ͘ ĚŽŝ͗ĚŽŝ͗ϭϬ͘ϭϬϱϲͬNEJMŽĂϬϲϯϱϲϰ͘ 
ϰϴ͘ SŝĚĚŝƋƵŝ N͕ SŽŶĞŶďĞƌŐ N͘ SŝŐŶĂůůŝŶŐ ƚŽ ĞIFϰE ŝŶ ĐĂŶĐĞƌ͘ BŝŽĐŚĞŵŝĐĂů SŽĐŝĞƚǇ TƌĂŶƐĂĐƚŝŽŶƐ͘ 
ϮϬϭϱ͖ϰϯ;ϱͿ͗ϳϲϯͲϳϮ͘ ĚŽŝ͗ϭϬ͘ϭϬϰϮͬBSTϮϬϭϱϬϭϮϲ͘ 
ϰϵ͘ SĂƚŚĞĞƐŚĂ S͕ CŽŽŬƐŽŶ VJ͕ CŽůĞŵĂŶ LJ͕ IŶŐƌĂŵ N͕ MĂĚŚŽŬ B͕ HĂŶďǇ AM Ğƚ Ăů͘ RĞƐƉŽŶƐĞ ƚŽ ŵTOR 
ŝŶŚŝďŝƚŝŽŶ͗ ĂĐƚŝǀŝƚǇ ŽĨ ĞIFϰE ƉƌĞĚŝĐƚƐ ƐĞŶƐŝƚŝǀŝƚǇ ŝŶ ĐĞůů ůŝŶĞƐ ĂŶĚ ĂĐƋƵŝƌĞĚ ĐŚĂŶŐĞƐ ŝŶ ĞIFϰE ƌĞŐƵůĂƚŝŽŶ 
ŝŶ ďƌĞĂƐƚ ĐĂŶĐĞƌ͘ MŽů CĂŶĐĞƌ͘ ϮϬϭϭ͖ϭϬ͗ϭϵ͘ ĚŽŝ͗ϭϬ͘ϭϭϴϲͬϭϰϳϲͲϰϱϵϴͲϭϬͲϭϵ͘ 
ϱϬ͘ NĂƐƌ )͕ RŽďĞƌƚ F͕ PŽƌĐŽ JA͕ Jƌ͕͘ MƵůůĞƌ WJ͕ PĞůůĞƚŝĞƌ J͘ ĞIFϰF ƐƵƉƉƌĞƐƐŝŽŶ ŝŶ ďƌĞĂƐƚ ĐĂŶĐĞƌ ĂĨĨĞĐƚƐ 
ŵĂŝŶƚĞŶĂŶĐĞ ĂŶĚ ƉƌŽŐƌĞƐƐŝŽŶ͘ OŶĐŽŐĞŶĞ͘ ϮϬϭϯ͖ϯϮ;ϳͿ͗ϴϲϭͲϳϭ͘ ĚŽŝ͗ϭϬ͘ϭϬϯϴͬŽŶĐ͘ϮϬϭϮ͘ϭϬϱ͘ 
ϱϭ͘ KŽƌĚĞ LA͕ )ƵũĞǁƐŬŝ JA͕ KĂŵŝŶ L͕ GŝŽƌĚĂŶŽ S͕ DŽŵĐŚĞŬ S͕ AŶĚĞƌƐŽŶ WF Ğƚ Ăů͘ MƵůƚŝĚŝƐĐŝƉůŝŶĂƌǇ 
ŵĞĞƚŝŶŐ ŽŶ ŵĂůĞ ďƌĞĂƐƚ ĐĂŶĐĞƌ͗ ƐƵŵŵĂƌǇ ĂŶĚ ƌĞƐĞĂƌĐŚ ƌĞĐŽŵŵĞŶĚĂƚŝŽŶƐ͘ JŽƵƌŶĂů ŽĨ ĐůŝŶŝĐĂů 
ŽŶĐŽůŽŐǇ ͗ ŽĨĨŝĐŝĂů ũŽƵƌŶĂů ŽĨ ƚŚĞ AŵĞƌŝĐĂŶ SŽĐŝĞƚǇ ŽĨ CůŝŶŝĐĂů OŶĐŽůŽŐǇ͘ ϮϬϭϬ͖Ϯϴ;ϭϮͿ͗ϮϭϭϰͲϮϮ͘ 
ĚŽŝ͗ϭϬ͘ϭϮϬϬͬũĐŽ͘ϮϬϬϵ͘Ϯϱ͘ϱϳϮϵ͘ 
ϱϮ͘ CŚĞŶ L͕ AŬƚĂƐ BH͕ WĂŶŐ Y͕ HĞ X͕ SĂŚŽŽ R͕ )ŚĂŶŐ N Ğƚ Ăů͘ TƵŵŽƌ ƐƵƉƉƌĞƐƐŝŽŶ ďǇ ƐŵĂůů ŵŽůĞĐƵůĞ 
ŝŶŚŝďŝƚŽƌƐ ŽĨ ƚƌĂŶƐůĂƚŝŽŶ ŝŶŝƚŝĂƚŝŽŶ͘ OŶĐŽƚĂƌŐĞƚ͘ ϮϬϭϮ͖ϯ;ϴͿ͗ϴϲϵͲϴϭ͘  

 



ϮϮ 
 

Table 1 

Clinicopathological data for the MBC training and validation sets  

Characteristics  Training set 
 

Validation set 
 

Mean age (range) 66 (30-97) 70 (23-98) 
Mean follow up, years 
(range) 3.9 (0.08-24.5) 4.6 (0.04-15) 

Treatment Various combinations of adjuvant hormonal, 
chemo and radiotherapy  

 
Histology 

 
Number (%) 

 
Number (%) 

Invasive 419 (88) 130 (59) 
DCIS 7 (1) 4 (2) 

Mixed 15 (3) 47 (21) 
Unknown 36 (8) 39 (18) 

Grade    
1 50 (10) 15 (7) 
2 193 (41) 98 (44) 
3 147 (31) 85 (39) 

Unknown 87 (18) 22 (10) 
Lymph node    

+ 134 (28) 78 (35) 
- 147 (31) 83 (38) 

Unknown 196 (41) 59 (27) 
ERĮ    

+ 404 (85) 193 (88) 
- 30 (6) 9 (4) 

Unknown 43 (9) 18 (8) 
PR    

+ 352 (74) 160 (73) 
- 74 (15) 41 (19) 

Unknown 51 (11) 19 (9) 
HER2    

+ 6 (1)* 18 (8)* 
- 291 (65 157 (71) 

Unknown 149 (34) 45 (20) 
 

*Confirmed by FISH/CISH 

 

 

 



Table 2 

Univariate and multivariate analysis of eIF4E and eIF5 expression in MBC 

UŶŝǀĂƌŝĂƚĞ ĂŶĂůǇƐŝƐ ;Ăůů ďŝŽŵĂƌŬĞƌƐͿ 

 

VĂƌŝĂďůĞ 

TƌĂŝŶŝŶŐ ƐĞƚ VĂůŝĚĂƚŝŽŶ ƐĞƚ CŽŵďŝŶĞĚ ĚĂƚĂƐĞƚ 

HĂǌĂƌĚ ƌĂƚŝŽ ;CIͿ  PͲǀĂůƵĞ  HĂǌĂƌĚ ƌĂƚŝŽ ;CIͿ  PͲǀĂůƵĞ HĂǌĂƌĚ ƌĂƚŝŽ ;CIͿ  PͲǀĂůƵĞ 

GƌĂĚĞ ϭ͘ϱϵϬ ;ϭ͘ϬϬϳͲϮ͘ϱϭϭͿ Ϭ͘Ϭϰϳ ϭ͘ϭϭϲ ;Ϭ͘ϴϰϵͲϭ͘ϰϲϲͿ Ϭ͘ϰϯϮ ϭ͘ϮϱϮ ;ϭ͘ϬϬϲͲϭ͘ϱϱϳͿ Ϭ͘Ϭϰϰ 

AŐĞ ϭ͘Ϭϱϱ ;ϭ͘ϬϯϮͲϭ͘ϬϳϵͿ Ϭ͘ϬϬϬϬϬϮ ϭ͘ϬϬϰ ;ϭ͘ϬϬϮͲϭ͘ϬϬϱͿ  Ϭ͘ϬϬϬϬϭϳ ϭ͘ϬϬϱ ;ϭ͘ϬϬϯͲϭ͘ϬϬϲͿ Ϯ͘ϭEͲϭϬ 

SŝǌĞ ;хϮϬ ŵŵͿ ϭ͘ϬϬϲ ;Ϭ͘ϵϵϳͲϭ͘ϬϭϰͿ  Ϭ͘ϮϬϵ ϭ͘ϰϮϴ ;Ϭ͘ϵϵϬͲϮ͘ϬϱϵͿ Ϭ͘Ϭϱϳ ϭ͘ϭϰϲ ;ϭ͘ϬϴϬͲϮ͘ϬϭϲͿ Ϭ͘Ϭϭϰ 

NŽĚĞ ƉŽƐŝƚŝǀŝƚǇ ϭ͘ϱϰϵ ;Ϭ͘ϵϰϴͲϮ͘ϱϯϮͿ  Ϭ͘Ϭϴϭ ϭ͘ϭϱϬ ;ϭ͘ϬϵϰͲϭ͘ϮϬϵͿ ϰ͘ϰEͲϬϵ ϭ͘ϲϵϱ ;ϭ͘ϮϱϮͲϮ͘ϮϵϱͿ Ϭ͘ϬϬϭ 

ĞIFϰE ϭ͘ϳϳϳ ;ϭ͘ϭϮϴͲϮ͘ϴϬϬͿ Ϭ͘Ϭϭϯ ϭ͘ϱϲϰ ;ϭ͘ϬϮϴͲϮ͘ϯϳϴͿ Ϭ͘Ϭϯϳ Ϯ͘ϭϵϲ ;ϭ͘ϲϯϰͲϮ͘ϵϱϮͿ ϭ͘ϰEͲϬϳ 

ĞIFϱ ϭ͘ϲϴϱ ;ϭ͘ϬϯϲͲϮ͘ϳϰϮͿ Ϭ͘Ϭϯϱ ϭ͘ϲϳϰ ;ϭ͘ϬϬϯͲϮ͘ϳϵϯͿ Ϭ͘Ϭϰϵ ϭ͘ϯϰϳ ;Ϭ͘ϵϰϰͲϭ͘ϵϮϮͿ Ϭ͘ϭϬϭ 

CŽͲĞǆƉƌĞƐƐŝŽŶ Ϯ͘ϲϲϰ ;ϭ͘ϮϲϬͲϱ͘ϲϯϯͿ Ϭ͘Ϭϭ Ϯ͘ϮϮϴ ;ϭ͘ϬϵϯͲϰ͘ϱϰϮͿ  Ϭ͘ϬϮϳ Ϯ͘ϳϳϲ ;ϭ͘ϲϴϯͲϰ͘ϱϳϵͿ Ϭ͘ϬϬϬϬϲ 

 

MƵůƚŝǀĂƌŝĂƚĞ  ĂŶĂůǇƐŝƐ ;EIFϰEͿ 

 

 TƌĂŝŶŝŶŐ ƐĞƚ VĂůŝĚĂƚŝŽŶ ƐĞƚ CŽŵďŝŶĞĚ ĚĂƚĂƐĞƚ  



VĂƌŝĂďůĞ 

 

 

HĂǌĂƌĚ ƌĂƚŝŽ ;CIͿ  

 

PͲǀĂůƵĞ  HĂǌĂƌĚ ƌĂƚŝŽ ;CIͿ  PͲǀĂůƵĞ HĂǌĂƌĚ ƌĂƚŝŽ ;CIͿ  PͲǀĂůƵĞ 

GƌĂĚĞ ϭ͘ϬϬϮ ;Ϭ͘ϱϴϯ ϭ͘ϳϮϭͿ 

 

Ϭ͘ϵϵϱ ϭ͘ϭϬϲ ;Ϭ͘ϴϮϲͲϭ͘ϰϴϯͿ Ϭ͘ϰϵϴ ϭ͘ϭϲϵ ;Ϭ͘ϵϬϮͲϭ͘ϱϭϱͿ Ϭ͘Ϯϯϳ 

AŐĞ ϭ͘ϬϱϮ ;ϭ͘ϬϭϳͲϭ͘ϬϴϴͿ 

 

Ϭ͘ϬϬϯ ϭ͘ϬϬϯ ;ϭ͘ϬϬϮͲϭ͘ϬϬϱͿ  Ϭ͘ϬϬϬϭ ϭ͘ϬϬϰ ;ϭ͘ϬϬϮͲϭ͘ϬϬϲͿ Ϭ͘ϬϬϬϬϬϱ 

SŝǌĞ ;хϮϬ ŵŵͿ ϭ͘ϬϬϴ ;Ϭ͘ϵϵϳͲϭ͘ϬϭϵͿ 

 

Ϭ͘ϭϳϯ ϭ͘ϮϮϯ ;Ϭ͘ϴϮϴͲϭ͘ϴϬϱͿ Ϭ͘ϯϭϮ ϭ͘ϮϬϯ ;Ϭ͘ϴϴϱͲϭ͘ϲϵϮͿ Ϭ͘ϮϵϬ 

NŽĚĞ ƉŽƐŝƚŝǀŝƚǇ ϭ͘ϰϰϱ ;Ϭ͘ϳϯϵͲϮ͘ϴϮϮͿ 

 

Ϭ͘ϮϴϮ ϭ͘ϭϯϭ ;ϭ͘ϬϳϮͲϭ͘ϭϵϯͿ  Ϭ͘ϬϬϬϬϬϲ ϭ͘ϲϮϭ ;ϭ͘ϭϱϬͲϮ͘ϮϴϲͿ Ϭ͘ϬϬϲ 

ĞIFϰE Ϯ͘ϯϴϬ ;ϭ͘ϭϳϵͲϰ͘ϴϬϱͿ 

 

Ϭ͘Ϭϭϲ ϭ͘ϯϯϯ ;Ϭ͘ϴϲϲͲϮ͘ϬϱϮͿ Ϭ͘ϭϵϮ Ϯ͘Ϯϵϳ ;ϭ͘ϱϳϲͲϯϬϮϲϮͿ Ϭ͘ϬϬϬϬϭ 

 

MƵůƚŝǀĂƌŝĂƚĞ  ĂŶĂůǇƐŝƐ ;EIFϱͿ 

 

 

VĂƌŝĂďůĞ 

 

TƌĂŝŶŝŶŐ ƐĞƚ 

 

VĂůŝĚĂƚŝŽŶ ƐĞƚ CŽŵďŝŶĞĚ ĚĂƚĂƐĞƚ 

HĂǌĂƌĚ ƌĂƚŝŽ ;CIͿ  

 

PͲǀĂůƵĞ  HĂǌĂƌĚ ƌĂƚŝŽ ;CIͿ  PͲǀĂůƵĞ HĂǌĂƌĚ ƌĂƚŝŽ ;CIͿ  PͲǀĂůƵĞ 



GƌĂĚĞ 

 

ϭ͘Ϭϳϱ ;Ϭ͘ϲϬϲͲϭ͘ϵϬϳͿ Ϭ͘ϴϬϱ 
ϭ͘Ϭϲϱ ;Ϭ͘ϳϴϳͲϭ͘ϰϰϭͿ Ϭ͘ϲϴϯ 

ϭ͘ϭϬϭ ;Ϭ͘ϴϰϯͲϭ͘ϰϯϳͿ Ϭ͘ϰϴϮ 

AŐĞ 

 

ϭ͘ϬϳϬ ;ϭ͘ϬϯϯͲϭ͘ϭϬϳͿ Ϭ͘ϬϬϬϭ 
ϭ͘ϬϬϯ ;ϭ͘ϬϬϭͲϭ͘ϬϬϱͿ Ϭ͘ϬϬϮ 

ϭ͘ϬϬϰ ;ϭ͘ϬϬϮͲϭ͘ϬϬϱͿ Ϭ͘ϬϬϬϭ 

SŝǌĞ ;хϮϬ ŵŵͿ 

 

ϭ͘ϬϬϴ ;Ϭ͘ϵϵϳͲϭ͘ϬϭϵͿ Ϭ͘ϭϯϴ 
ϭ͘Ϯϰϴ ;Ϭ͘ϴϯϯͲϭ͘ϴϳϬͿ Ϭ͘ϮϴϮ 

ϭ͘Ϯϵϰ ;Ϭ͘ϵϮϮͲϭ͘ϭϭϳͿ Ϭ͘ϭϯϲ 

NŽĚĞ ƉŽƐŝƚŝǀŝƚǇ 

 

ϭ͘ϴϭϯ ;Ϭ͘ϵϭϭͲϯ͘ϲϭϬͿ Ϭ͘Ϭϵ ϭ͘ϭϯϰ ;ϭ͘ϬϳϯͲϭ͘ϭϵϴͿ 

 

Ϭ͘ϬϬϬϬϬϴ 

 

ϭ͘ϲϮϭ ;ϭ͘ϭϱϬͲ Ϯ͘ϮϴϲͿ Ϭ͘ϬϬϳ 

ĞIFϱ 

 

Ϯ͘ϱϱϮ ;ϭ͘ϭϰϮͲϱ͘ϳϬϮͿ Ϭ͘ϬϮϮ ϭ͘ϱϮϴ ;Ϭ͘ϴϴϭͲϮ͘ϲϱϬͿ 

 

Ϭ͘ϭϯϭ 

 

Ϯ͘Ϯϲϳ ;ϭ͘ϱϳϲͲϯ͘ϮϲϮͿ Ϭ͘Ϭϰϰ 

 

MƵůƚŝǀĂƌŝĂƚĞ  ĂŶĂůǇƐŝƐ ;ĐŽͲĞǆƉƌĞƐƐŝŽŶ ŽĨ EIFϰE ĂŶĚ EIFϱͿ 

 

 

VĂƌŝĂďůĞ 

TƌĂŝŶŝŶŐ ƐĞƚ 

 

VĂůŝĚĂƚŝŽŶ ƐĞƚ CŽŵďŝŶĞĚ ĚĂƚĂƐĞƚ 

HĂǌĂƌĚ ƌĂƚŝŽ ;CIͿ  

 

PͲǀĂůƵĞ  HĂǌĂƌĚ ƌĂƚŝŽ ;CIͿ  PͲǀĂůƵĞ HĂǌĂƌĚ ƌĂƚŝŽ ;CIͿ  PͲǀĂůƵĞ 

GƌĂĚĞ 

 

Ϭ͘ϯϵϭ ;Ϭ͘ϭϯϳͲϭ͘ϭϭϰͿ Ϭ͘Ϭϳϵ ϭ͘ϲϵϮ ;Ϭ͘ϴϱϴͲϯ͘ϯϯϲͿ 

 

Ϭ͘ϭϮϵ 

 

Ϭ͘ϴϲϱ ;Ϭ͘ϱϬϴͲϭ͘ϰϳϮͿ Ϭ͘ϱϵϮ 

AŐĞ ϭ͘Ϭϯϵ ;Ϭ͘ϵϵϮͲϭ͘ϬϴϴͿ Ϭ͘ϭϬϰ ϭ͘ϬϬϯ ;ϭ͘ϬϬϭͲϭ͘ϬϬϲͿ Ϭ͘Ϭϭ ϭ͘ϬϬϰ ;ϭ͘ϬϬϮͲϭ͘ϬϬϳͿ Ϭ͘ϬϬϭ 



   

SŝǌĞ ;хϮϬ ŵŵͿ 

 

ϭ͘ϬϬϴ ;Ϭ͘ϵϵϭͲϭ͘ϬϮϲͿ Ϭ͘ϯϰ Ϯ͘ϱϯϬ ;ϭ͘ϭϳϬͲϱ͘ϰϳϮͿ 

 

Ϭ͘Ϭϭϴ 

 

ϭ͘ϴϲϵ ;ϭ͘ϬϰϬͲϯϬϯϲϬͿ Ϭ͘Ϭϯϳ 

NŽĚĞ ƉŽƐŝƚŝǀŝƚǇ 

 

Ϯ͘ϵϮϳ ;Ϭ͘ϵϱϯͲϴ͘ϵϵϮͿ Ϭ͘Ϭϲϭ ϭ͘ϲϮϬ ;ϭ͘ϮϯϱͲϮ͘ϭϮϱͿ 

 

Ϭ͘ϬϬϬϰ 

 

Ϯ͘ϱϴϬ ;ϭ͘ϯϰϴͲϰ͘ϵϯϳͿ Ϭ͘ϬϬϰ 

CŽͲĞǆƉƌĞƐƐŝŽŶ 

 

ϳ͘Ϭϯϳ ;Ϯ͘ϮϮϯͲϮϮ͘ϮϲϵͿ Ϭ͘ϬϬϭ ϭ͘ϲϱϬ ;Ϭ͘ϳϮϰͲϯ͘ϳϱϳͿ 

 

Ϭ͘Ϯϯϯ 

 

ϯϬϯϰϯ ;ϭ͘ϳϵϭͲϲ͘ϮϰϮͿ Ϭ͘ϬϬϬϭ 
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Figure legends 

Figure 1 

Identification of eIF pathway up regulation in MBC by hierarchical clustering and 

validation in an external dataset  

(A) Heatmap showing gender specific hierarchical clustering of differentially expressed 

genes in female (pink) and male (blue) breast cancers with exploded view of eIF genes 

which were significantly over-expressed in MBC on the right (P < 0.0001; eIF pathway genes 

and P = 0.016; FDR).  (B) Hierarchical clustering of a reanalysis of the Callari et al dataset 

[10] similarly identified members of the eIF family were overexpressed in MBC as shown in 

the exploded view on the right. Green = over-expression; red = under-expression. 

 

Figure 2 

The effect of eIF expression on disease-free and overall survival in MBC by Kaplan-

Meier survival analysis 

Effects on OS are shown in A, C, E, G and DFS in B, D, F, H.  A, B = eIF1; C, D; eIF2; E, F 

= eIF4E; G, H = eIF5. Black line = high expression, Grey line = low expression, dichotomised 

by R.O.C. analysis and analysed by log rank test. 

 

Figure 3  

Co-expression of eIF4E and eIF5 significantly impacts on MBC survival by Kaplan-

Meier survival analysis 

Cases which co-expressed eIF4E and eIF5 were stratified into low (score <5.77, <6.41 

respectively; n=96) or high (score >5.77, >6.41 respectively; n=14) expression.  Cases that 



Ϯ 
 

over-expressed eIF4E and eIF5 had significantly shorter survival compared to those who 

expressed eIF4E and eIF5 at lower levels. Black line = high expression, Grey line = lower 

expression, log rank test. 

 

Figure 4 

BEZ235/Everolimus combination therapy reduces eIF4E and eIF5 expression 

A – D i) display eIF4E and eIF5, expression in BEZ235/Everolimus pre- and post-treatment 

patient samples, respectively. A – D ii) show exploded views of a higher magnification of 

eIF4E and eIF5 staining in pre- and post-treatment patient samples respectively. A – D iii) 

display the positive pixel counting analysis images of the eIF4E and eIF5 higher 

magnification images from for pre- and post-treatment patient samples respectively. Scales 

on images A-D i) =300 µm, those on higher magnification and positive pixel analysis images 

= 60 µm. 

 

 









eIF4E Pre-treatment                              eIF4E Post-treatment 

eIF5 Pre-treatment                           eIF5 Post-treatment 

A i) B i) 

C i) D i) 

ii) 

iii) 

ii) 

iii) 

ii) 

iii) 

ii) 

iii) 

Positivity = 89%  

Positivity = 87%  

Positivity = 58%  

Positivity = 35 %  

Figure 4 
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