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Summary

Biometric index and oestrogens exposure were assessed as prognostic biomarkers in
glioblastoma patients. A retrospective review of glioblastoma patients submitted to surgical
resection was performed, in which progression free survival and overall survival were primary
endpoints. Our data suggest that in female patients obesity is a protective biomarker and in
male patients being overweight is protective, whereas no relationship was found between

oestrogens exposure and glioblastoma survival.



Abstract

Purpose: The impact of oestrogens and body mass index (BMI) in glioblastoma multiforme
(GBM) is inconsistent. We assessed its potential as prognostic biomarkers in progression free
survival (PFS) and overall survival (OS) of GBM patients.

Methods and materials: Retrospective review of GBM patients submitted to surgical resection,
>18 years, with GBM diagnosis. Patients BMI at the beginning of postoperative treatment was
classified as underweight (<18.5 kg/m?), normal weight (18.5-24.9 kg/m?), overweight (25.0-
29.9 kg/m?) or obese (>30 kg/m?). For female patients, age at menarche and menopause,
history of oral contraceptive and hormone replacement therapy were additionally retrieved.
Primary endpoints were PFS and OS. Kaplan-Meier method was used for estimating and
comparing PFS and OS curves by log-rank test. Cox proportional-hazards models were fitted
based on univariate and multivariate analyses.

Results: A total of 148 patients were included. For female patients, OS of overweight patients
was significantly lower than OS of obese patients (13.37 months vs 23.23 months, p=0.017 by
log-rank comparisons; unadjusted HR=2.27, 95% Cl 1.05-4.90, p=0.038; adjusted HR=2.35, 95%
Cl 1.06-5.11, p=0.030). For male patients, OS of overweigh patients was significantly greater
than OS estimated for normal weight patients (21.47 months vs 12.21 months, p=0.014 by
pairwise log-rank comparisons). Other OS pairwise comparisons between patients in different
BMI classes were not significant. BMI class was not a significant prognostic biomarker for PFS
(p>0.05 for all log-rank pairwise comparisons). Neither patient gender nor other oestrogen
exposure variables were significant prognostic biomarkers for OS or PFS.

Conclusions: Our study suggests that BMI has impact in GBM prognosis, with obesity as a
protective biomarker in female patients and overweigh as a protective biomarker in male

patients. No relationship between oestrogens exposure and GBM survival was found.



Introduction

Glioblastoma (GBM) is the most common malignant primary brain tumour in the adult
population, with a dismal prognosis. Despite best surgical and medical treatments, patients
have a median progression free survival of 6.9 months and overall survival of 14.6 months (1,
2).

GBM incidence is significantly higher in men than in women (1.58 male to female ratio) (3).
Since women have higher levels of oestrogens, this observation led to several studies on
menstrual, reproductive and hormone therapy history in women in GBM epidemiology.
Although most of these studies were inconsistent, later age at menarche was associated with
higher risk of GBM (4).

Oestrogenic therapy has been used in neurocognitive disease, and evidence suggests
oestradiol to be neuroprotective (4). Hormonal status may also have impact over glial cells and
play a role in GBM development (5-7). Indeed, GBM cells express oestrogen receptors (ER),
intracellular ERa and ER, although expression of progestogen receptors is not established (4).
Oestradiol induces apoptosis in GBM, being an underlying possible mechanism through ER
mediated JNK signalling (5). Oestradiol may also inhibit signalling pathways independent of
oestrogen response elements (EREs). Specifically, oestradiol may inhibit transcription at cAMP
response elements (CREs) in ERa-expressing GBM cells, modulating neuroinflammation (8).
Oestrogens can also supress HIF1a accumulation, decreasing tumour angiogenesis (9). These
effects translated in the hypothesis of using oestrogens in GBM therapy. 2-Methoxyoestradiol
(2-ME2), a natural metabolite of oestradiol, induces GBM cells apoptosis and reduces tumour
growth and angiogenesis (9).

Impact of hormonal status in GBM may be more complex though. In certain cancers, such as
breast, endometrial and ovarian cancers, oestradiol induces cell proliferation (10). In GBM,

although oestrogens can induce apoptosis, it may also increase GBM cells proliferation.



Thereby, reducing oestrogens would decrease tumour growth. In this context, GBM cells
express aromatase, a key enzyme for converting androgens irreversibly to oestrogens (7).
Preventing aromatase activity would eventually be useful in GBM therapy. Letrozole, an
aromatase inhibitor, has been found to enhance the suppression of tumour growth by
temozolomide (7).

Several prognostic factors have been recognised for GBM, ranging from patient age,
performance status, degree of surgical resection (11), neurological function (12), glycemia (13),
IDH mutation (14), MGMT silencing (15), NFKBIA deletion (16), c-MYC and BMI1 expression
(17), neutrophil-lymphocyte ratio (18) and MR imaging markers (19). Body mass index (BMI)
has recently been implicated as a prognostic factor in GBM, with high BMI associated with
increased survival (20).

Deeper knowledge on the impact of different factors over progression and survival in GBM
patients is fundamental, both in improving prognosis evaluation as well as in therapeutic
decision making. Here we assessed the impact of biometric index and oestrogen status in

clinical evolution, progression free and overall survival of GBM patients.

Methods and Materials

Patients and retrieved data from medical records

Retrospective review of patients diagnosed with GBM submitted to surgical resection in the
department of neurosurgery of a tertiary care hospital (Hospital Sdo Jodo, Porto, Portugal),
between June 2012 and May 2016. Patients included were aged >18 years with GBM diagnosis
(WHO grade IV) confirmed by anatomopathological analysis. Follow-up data was assessed until
February 28", 2019. Data retrieved from medical records included preoperative and
postoperative clinical status (Karnofsky Performance Score (KPS), and Eastern Cooperative

Oncology Group score (ECOG)); extension of surgical resection; postoperative complications;



postoperative treatment; height, weight and corresponding body mass index at the beginning
of postoperative treatment; date of progression and death. Patients were classified as being
underweight (BMI <18.5 kg/m?), normal weight (BMI 18.5-24.9 kg/m?), overweight (BMI 25.0-
29.9 kg/m?) or obese (BMI =30 kg/m?). For female patients additional data retrieved included
age at menarche and menopause, history of oral contraceptive and hormone replacement

therapy. This study was approved by local Institutional Ethics Committee.

Progression free survival and overall survival

Progression free survival (PFS) was calculated from date of surgery to date of first imaging
evidence of progression. Date of clinical progression was used as surrogate when imaging was
not available. Overall survival (OS) was calculated from date of surgery to date of death from

any cause or date of the end of this study.

Statistical analysis

Primary endpoints were PFS and OS. Secondary endpoints were postoperative KPS and ECOG
at first and sixth months. Kaplan-Meier method was used for estimating and comparing PFS
and OS curves by log-rank test. Cox proportional-hazards models were fitted based on
univariate and multivariate analyses of potential prognostic factors. Hazard ratios (HR) and
95% confidence intervals (Cl) were calculated. A p-value <0.05 was considered statistically

significant. Statistical analysis was performed using IBM SPSS Statistics software (version 25).

Results

Patients

A total of 148 patients were included in this study, from which 68 (45.9%) were female and 80

(54.1%) were male (1.18 male to female ratio). One patient (0.8%) was underweight, 50



patients (41.7%) had normal weight, 51 (42.5%) were overweight and 18 (15.0%) were obese.
Comparing BMI class distribution between female and male patients, less patients in female
group were overweight (32.2% vs 52.5%) and more patients in female group were obese
(22.0% vs 8.2%). Characteristics analysed for both female and male patients are described in
Table 1. Beyond patient gender, for the study of oestrogen exposure variables, in 68 female
patients, only 14 had menarche age registered in their medical records, 8 had registered
menopause age, and 6 had registered oral anticontraceptive treatment. Four patients had
hysterectomy surgery, 2 unilateral and 7 bilateral oophorectomies with or without
hysterectomy. Female patients’ characteristics are listed in Table 2.

Based on univariate analysis, patients age, extent of resection, eloquent areas of the brain
affected, post-operative complications and post-operative treatment were all independent

significant prognostic factors.

Analysis of BMI as biomarker for OS and PFS

At the time of final analysis 141 (95.3%) patients had died. From the seven patients alive, 5 had
disease progression. For the 148 patients, mean PFS of 7.95 months (range 0-66) and OS of
15.01 months (range 0-77) were observed.

For female patients, OS estimated for overweight patients was significantly lower than OS of
obese patients (13.37 months vs 23.23 months, p=0.017 by log-rank comparisons; unadjusted
HR=2.27, 95% Cl 1.05-4.90, p=0.038; adjusted HR=2.35, 95% Cl 1.06-5.11, p=0.030) (Figure 1A).
For male patients, OS estimated for overweigh patients was significantly greater than OS
estimated for normal weight patients (21.47 months vs 12.21 months, p=0.014 by pairwise log-
rank comparisons) (Figure 1B).

Focusing on female patients, by decrescent order, OS of obese patients was greater than OS of
normal weight patients, which was greater than OS of overweight patients. However, this

difference between OS of obese patients and normal weight patients was not statistically



significant (23.23 months vs 19.96 months, p=0.558 by pairwise log-rank comparison).
Difference between OS of normal weight patients and overweight patients was also not
significant (19.96 months vs 13.37 months, p=0.095 by pairwise log-rank comparison). Other
OS pairwise comparisons between patients in different BMI classes were also not significant.
For female patients, BMI class was not a significant prognostic factor for PFS (p>0.05 for all log-
rank pairwise comparisons) (Figure 2A).

Focusing on male patients, by decrescent order, OS of overweight patients was greater than
OS of obese patients, which was greater than OS of normal weight patients. However, this
difference between OS of overweight patients and obese patients was not statistically
significant (21.47 months vs 19.00 months, p=0.860 by pairwise log-rank comparison).
Difference between OS of obese patients and normal weight patients was also not significant
(19.00 months vs 12.21 months, p=0.173 by pairwise log-rank comparison). Other OS pairwise
comparisons between patients in different BMI classes were not significant. For male patients,
BMI class was not a significant prognostic factor for PFS (p>0.05 for all log-rank pairwise
comparisons) (Figure 2B).

Analysing patients in total, by decrescent order, OS of obese patients was greater than OS of
overweight patients, which was greater than OS of normal weight patients. However, these
differences were not significant (22.06 months vs 19.07 months vs 16.24 months, p>0.05 for all
pairwise comparisons by log-rank test). After fitting Cox hazard-proportional model to
significant prognostic factors based on univariate analysis, lower OS observed for overweight
patients in relation to obese patients was nearly significant (HR=1.79, 95% CI=0.985-3.256,
p=0.056). BMI class was not a significant prognostic factor for PFS (p>0.05 for all pairwise

comparisons by log-rank test).



Analysis of oestrogens exposure as biomarker for OS and OFS

Comparing OS of female patients in relation to male patients, patient gender was not a
significant biomarker for OS (p=0.306 by log-rank test; HR=0.846, 95% Cl=0.607-1.179,
p=0.323) (Figure 3A). Comparing PFS of female patients in relation to male patients, patient
gender was also not a significant biomarker for PFS (p=0.656 by log-rank test; HR=0.932, 95%
C1=0.668-1.300) (Figure 3B).

Beyond patient gender, studying oestrogens exposure variables, we found no significant
differences in OS or PFS in subgroups of female patients with registered menarche age,
menopause age, oral anticontraceptive treatment, hysterectomy surgery, unilateral and
bilateral oophorectomies with or without hysterectomy (p>0.05 for all comparisons by log-

rank test).

Discussion

Recently, an association between increased BMI and increased OS was described (20).
However, conflicting evidence exists, suggesting BMI classes in the low and high extremes as
bad prognostic factors and normal BMI as a protective factor (21). Our data also suggest this
association may be complex. Herein, OS was only significantly different between obese and
overweight female patients, and between overweight and normal weight male patients. In
female patients, our data suggest obesity is a protective biomarker for OS. In male patients,
our data suggest being overweight is protective. We found no association between BMI class
and PFS.

Although GBM is more frequent in men than women, in this study patient gender was not a
significant prognostic biomarker for OS nor PFS. In female patients we found no association
between age at menarche or at menopause, history of oral contraceptive therapy and previous

oophorectomy with OS or PFS. In this context, we did not find an association between



exposure to oestrogens and survival in GBM patients. Given the reduced number of patients
for whom data were available, more detailed gynaecology history of patients in future would
allow further study of this potential prognostic biomarkers. In our study this reduced number
could be an important bias. Previous review of GBM epidemiology reflected inconsistent
findings regarding impact of hormonal status of GBM patients on survival (4). Multiple
potential pathways with opposite effects may underly the mechanism of action of oestrogens
in GBM (4, 5, 7-10), which might explain the inconsistency of studies on this matter. These
multiple effects of oestrogens may also underly the lack of association found here between
patient gender and PFS or OS.

This study had the advantage of including only patients with anatomopathological
confirmation of GBM diagnosis, with BMI data based on measurements made at the beginning
of post-operative treatment. This study was limited by its retrospective nature, and by reduced

data available regarding gynaecology medical history and medication.

Conclusions

Our study suggests biometric index has a complex association with OS in GBM patients, and
that obesity may be a protective factor in female patients and overweigh may be protective in
male patients. No relationship was found between patient gender or exposure to oestrogens
and survival. Further studies are needed to understand this relationships and potential

underlying mechanisms.
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Figure captions

Figure 1. Kaplan-Meier estimated curves for overall survival in (A) female patients and (B) male

patients, by BMI class.

Figure 2. Kaplan-Meier estimated curves for progression free survival in (A) female patients

and (B) male patients, by BMI class.

Figure 3. Kaplan-Meier estimated curves for (A) overall survival (OS) and (B) progression free

survival (PFS), by patient gender.



Table 1. Characteristics of patients.

Total Female Male
Number of patients - no. (%) 148 (100) 68 (45,9) 80
(54,1)
Characteristic
Age — yr (mean, range)
Mean 60,42 60,01 60,76
Range 26-86 26-86 26-85
Age - no. (%)
<65 85 (57,4) 41 (60,3) 44
(55,0)
265 63 (42,6) 27 (39,7) 36
(45,0)
Pre-op KPS - no. (%)
>70 114 (79,2) 52 (78,8) 62
(79,5)
<70 30(20,8) 14 (21,2) 16
(20,5)
Pre-op ECOG - no. (%)
0-1 113 (78,4) 51(77,3) 62
(79,5)
2 18 (12,5) 9(13,6) 9(11,5)
3-4 13(9,1) 6(9,1) 7 (9,0)
Extent of Resection - no. (%)
Biopsy 25 (16,9) 12 (17,6) 13
(16,3)
Partial 33(22,3) 13 (19,1) 20
(25,0)
Subtotal 25 (16,9) 16 (23,5) 9(11,3)
Gross total 65 (43,9) 27 (39,7) 38
(47,5)
Eloquent areas - no. (%)
Non-eloquent area 46 (31,1) 26 (38,2) 20
(25,0)
Pre or post-central sensorimotor 19 (12,8) 7 (10,3) 12
area (15,0)
Left fronto-temporo-parietal 30 (20,3) 13 (19,1) 17
opercular area (21,3)
Occipital visual cortex 8(5,4) 2(2,9) 6 (7,5)
Insula 25(16,9) 11 (16,2) 14
(17,5)
Corpus callosum 20 (13,5) 9(13,2) 11
(13,8)
Post-op complications - no. (%)
No neurological deficit 107 (72,8) 51 (75,0) 56
(70,9)
Neurological deficit 40 (27,2) 17 (25,0) 23

(29,1)




Post-op treatment no. (%)

Stupp 106 (74,6) 54 (81,8) 52
(68,4)
Bevacizumab + Irinotecan 1(0,7) - 1(1,3)
Paliative 21 (14,8) 10 (15,2) 11
(14,5)
No treatment 11(7,7) 2 (3,0) 9(11,8)
Others 3(2,1) - 3(3,9)
Body mass index (kg/m?) - no. (%)
<18,5 — underweight 1(0,8) 1(1,7) -
18,5-24,9 — normal weight 50 (41,7) 26 (44,1) 24
(39,3)
25-29,9 — overweight 51 (42,5) 19 (32,2) 32
(52,5)
>30 — obese 18 (15,0) 13(22,00  5(8,2)




Table 2. Hormonal status variables in female patients.

Female patients (N=68)

Hormonal status variable

Age at menarch

Patients with available data - no. (%) 14 (9,52)

Mean 12,93

Range 11-15

<12 6

>12 8
Oral anticontraceptive treatment

Patients with available data - no. (%) 6 (4,08)

Combined oestrogen-progestagen 4

Progestagen 1
Age at menopause

Patients with available data - no. (%) 8 (5,44)

Mean 51,38

Range 47-57

<52 4

>52 4
Hormonal substitution therapy

Patients with available data - no. (%) 3(2,04)
Gynaecology surgery - no. (%)

No hysterectomy no oophorectomy 55 (80,9)

Hysterectomy only 4 (5,9)

Unilateral oophorectomy with/without 2(2,9)

hysterectomy

Bilateral oophorectomy with/without 7 (10,3)

hysterectomy
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Figure 1. Kaplan-Meier estimated curves for overall survival in (A) female patients and (B) male

patients, by BMI class.
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and (B) male patients, by BMI class.
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Red Journal: Instructions for Authors

Journal Information

Scope
International Journal of Radiation OncologyeBiologyePhysics (IJROBP), known in the

field as the Red Journal, publishes original laboratory and clinical investigations related
to radiation oncology, radiation biology, medical physics and both education and health
policy as it relates to the field.

This journal has a particular interest in original contributions of the following types:
prospective clinical trials, outcomes research and large database interrogation. In
addition, it seeks reports of high-impact innovations in single or combined modality
treatment, tumor sensitization, normal tissue protection (including both precision
avoidance and pharmacologic means), brachytherapy, particle irradiation, and cancer
imaging. Technical advances related to dosimetry and conformal radiation treatment
planning are of interest, as are basic science studies investigating tumor physiology and
the molecular biology underlying cancer and normal tissue radiation response.

The Red Journal is highly selective in what it accepts for publication.

Manuscripts with the highest likelihood of acceptance include novel prospective pilot
studies (phase 1 and 2); randomized phase 2 and 3 studies; secondary analyses from
prospective studies; and health sciences research, especially research that covers cost
effectiveness and comparative effectiveness, quality assurance/quality of care and meta-
analyses/systematic reviews that may influence future directions.

Our lower priority manuscripts include studies with a large-sized population treated in a
consistent manner (i.e., the study will be one of the largest series in the medical
literature, potentially an instructional "classic"); retrospective, hypothesis-generating
studies with truly novel findings and appropriate methodology quality and innovation of
methods (i.e., the study introduces some new means of analysis not previously available
or newly applied); manuscripts that provide new insights into the natural history of
disease or patterns of failure; and manuscripts that cover a current, controversial area in
which the impact of findings has the high potential to solicit a related high-profile
editorial or counterpoint piece.

For more information about the scope of all three ASTRO journals, please see our scope
document.

How to Submit

Submission

Our online submission system guides you stepwise through the process of entering your
article details and uploading your files. The system converts your article files to a single
PDF file used in the peer-review process. Editable files (e.g., Word) are required to
typeset your article for final publication. All correspondence, including notification of
the Editor's decision and requests for revision, is sent by email.
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Authors must register with the Red Journal’s electronic manuscript system. Those who
have previously reviewed or submitted a manuscript for the IROBP may already be
registered. Once the submission files are uploaded, the system automatically generates
an electronic PDF proof used for reviewing. All correspondence, including editor
decisions and requests for revisions, is conducted by email through the submission
system or redjournal@astro.org.

Submission Fee

The Red Journal requires a $75 fee for all full-length clinical investigations, scientific
letters, and critical review submissions. Biology and physics contributions are exempt,
as are all submissions from countries considered by the World Bank to be low-income
and lower-middle-income economies. These submission fees are used to offset a small
portion of the peer review costs. During the submission process, authors will be directed
to the Submission Start site to complete payment by a credit card.

Editorial Decisions
Once the peer review process is complete, each manuscript will receive one of the
following decisions:

e Decline: The manuscript was not selected for peer review.

e Reject: The manuscript was not selected for publication. Many factors
contribute to acceptance, including but not limited to the importance of the
research to the field of oncology, the originality of the work, the quality of the
study, or the priority of the work to the Red Journal and its readership.

e Unacceptable/Major Revision: A number of issues were raised in peer review
that need to be addressed for the manuscript to be reconsidered. If the author
wishes to address the issues, the manuscript must be revised and resubmitted
within two months of the decision.

e Acceptable/Minor Revision: The editors and reviewers found the manuscript
potentially acceptable for publication provided minor adjustments are made.
Such manuscripts must be revised and resubmitted within one month of the
decision.

e Accept: The manuscript has been selected for publication. Additional
information will be provided regarding the production process.

e Transfer: The manuscript may not be deemed suitable for the Red Journal, but
a suggestion to transfer the work to another journal may be presented. Authors
must respond to this offer by clicking a link within the decision email.

Double Blind Review

The Red Journal uses double-blind review, which means that the identities of the
authors are concealed from the reviewers, and vice versa. For more information please
refer to https:// www.elsevier.com/reviewers/peer-review.

Ethics

Contflict of Interest

All authors are requested to disclose any actual or potential conflict of interest including
any financial, personal, or other relationships with other people or organizations within
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three years of beginning the submitted work that could influence, or be perceived to
influence, their work.

See also https://www.elsevier.com/conflictsofinterest. Further information and an
example of a Conflict of Interest form can be found at:
http://service.elsevier.com/app/answers/detail/a_id/286/supporthub/publishing. I[JROBP
adheres to the policy on conflict of interest promulgated by the International Committee
of Medical Journal Editors (ICMIJE), which states, in part, that "to prevent ambiguity,
authors must state explicitly whether potential conflicts do or do not exist." (See
Conflict of Interest Notification.)

All authors are required to include an ICMJE form with submission, available for free
download at http://www.icmje.org/. Authors also must state their disclosures on the title
page of the manuscript. If there are not disclosures, authors must say, "Conflict of
interest: none."

Submission declaration and verification

Submission of an article implies that the work described has not been published
previously (except in the form of an abstract, a published lecture or academic thesis, see
'Multiple, redundant or concurrent publication' for more information), that it is not
under consideration for publication elsewhere, that its publication is approved by all
authors and tacitly or explicitly by the responsible authorities where the work was
carried out, and that, if accepted, it will not be published elsewhere in the same form, in
English or in any other language, including electronically without the written consent of
the copyright-holder. To verify originality, your article will be checked by the
originality detection service Crossref Similarity Check.

Ethics in publishing
Please see our information pages on Ethics in publishing and Ethical guidelines for
journal publication.

The Red Journal maintains a zero-tolerance policy when addressing allegations of
plagiarism, duplicate publication (self-publication), data falsification, and scientific
misconduct. Articles will be retracted if ethics violations are substantiated. Plagiarism is
defined by the World Association for Medical Editors (WAME) as the "use of others'
published and unpublished ideas or words (or other intellectual property) without
attribution or permission and presenting them as new and original rather than derived
from an existing source."

Human and animal rights

If the work involves the use of human subjects, the author should ensure that the work
described has been carried out in accordance with The Code of Ethics of the World
Medical  Association (Declaration of Helsinki) for experiments involving
humans; Uniform Requirements for manuscripts submitted to Biomedical journals.
Authors should include a statement in the manuscript that informed consent was
obtained for experimentation with human subjects. The privacy rights of human
subjects must always be observed.

All animal experiments should comply with the ARRIVE guidelines and should be
carried out in accordance with the U.K. Animals (Scientific Procedures) Act, 1986 and
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associated guidelines, EU Directive 2010/63/EU for animal experiments, or the
National Institutes of Health guide for the care and use of Laboratory animals (NIH
Publications No. 8023, revised 1978) and the authors should clearly indicate in the
manuscript that such guidelines have been followed.

Informed consent and patient details

Studies on patients or volunteers require ethics committee approval and informed
consent, which should be documented in the paper. Appropriate consents, permissions
and releases must be obtained where an author wishes to include case details or other
personal information or images of patients and any other individuals in an Elsevier
publication. Written consents must be retained by the author but copies should not be
provided to the journal. Only if specifically requested by the journal in exceptional
circumstances (for example if a legal issue arises) the author must provide copies of the
consents or evidence that such consents have been obtained. For more information,
please review the Elsevier Policy on the Use of Images or Personal Information of
Patients or other Individuals. Unless you have written permission from the patient (or,
where applicable, the next of kin), the personal details of any patient included in any
part of the article and in any supplementary materials (including all illustrations and
videos) must be removed before submission.

Studies Involving Biomarkers

The Red Journal requires that authors reporting on biomarker studies must adhere to
REMARK criteria as listed in their guidelines. Reports that are predictive of therapeutic
outcome or the natural history of disease are desired. Highest priority will be given to
articles that are likely to have direct clinical applications and are definitive based on size
of cohort, methodological approach, statistical analysis, multivariate analysis,
reproducibility, and patient follow-up. Biomarker studies of interest to the Red Journal
include or are based on and accompanied by supporting mechanistic biological data; if
prospective, are definitive in size and statistical power; if retrospective, include a
validation study; are predictive and estimate response or survival in advance of therapy
and have potential application in clinical practice; contain thorough specimen collection
data (see REMARK), assay validation, and statistical rigor; and describe a unique
cohort with results that directly impact clinical practice. (For rare cancer types, it is
recognized that small cohorts will be analyzed.) Reference
link: http://www.ncbi.nlm.nih.gov/pubmed/16106022.

Guidelines for reporting preclinical research

The National Institutes of Health (NIH) held a workshop in June 2014 with the Nature
Publishing Group and Science on the issue of reproducibility and rigor of research
findings, with journal editors representing over 30 basic/preclinical science journals in
which NIH-funded investigators have most often published. The workshop focused on
identifying the common opportunities in the scientific publishing arena to enhance rigor
and further support research that is reproducible, robust, and transparent. The journal
editors came to consensus on a set of principles to facilitate these goals. The Red
Journal editorial board have chosen to uphold the high standards for preclinical research
reporting established by the workshop, and we attach the summarized
recommendations here. Please pay particular attention to these before submission.
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Registration of clinical trials

Registration in a public trials registry is a condition for publication of clinical trials in
this journal in accordance with International Committee of Medical Journal
Editors recommendations. Trials must register at or before the onset of patient
enrolment. The clinical trial registration number should be included at the end of the
abstract of the article. A clinical trial is defined as any research study that prospectively
assigns human participants or groups of humans to one or more health-related
interventions to evaluate the effects of health outcomes. Health-related interventions
include any intervention used to modify a biomedical or health-related outcome (for
example drugs, surgical procedures, devices, behavioral treatments, dietary
interventions, and process-of-care changes). Health outcomes include any biomedical or
health-related measures obtained in patients or participants, including pharmacokinetic
measures and adverse events. Purely observational studies (those in which the
assignment of the medical intervention is not at the discretion of the investigator) will
not require registration.

Copyright

Upon acceptance of an article, authors will be asked to complete a 'Journal Publishing
Agreement' (see more information on this). An e-mail will be sent to the corresponding
author confirming receipt of the manuscript together with a 'Journal Publishing
Agreement' form or a link to the online version of this agreement.

Subscribers may reproduce tables of contents or prepare lists of articles including
abstracts for internal circulation within their institutions. Permission of the Publisher is
required for resale or distribution outside the institution and for all other derivative
works, including compilations and translations. If excerpts from other copyrighted
works are included, the author(s) must obtain written permission from the copyright
owners and credit the source(s) in the article. Elsevier has preprinted forms for use by
authors in these cases.

For gold open access articles: Upon acceptance of an article, authors will be asked to
complete an 'Exclusive License Agreement' (more information). Permitted third party
reuse of gold open access articles is determined by the author's choice of user license.

Author rights
As an author you (or your employer or institution) have certain rights to reuse your
work. More information.

Elsevier supports responsible sharing

Find out how you can share your research published in Elsevier journals.

Role of the funding source

You are requested to identify who provided financial support for the conduct of the
research and/or preparation of the article and to briefly describe the role of the
sponsor(s), if any, in study design; in the collection, analysis and interpretation of data;
in the writing of the report; and in the decision to submit the article for publication. If
the funding source(s) had no such involvement then this should be stated.
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Authorship
All authors should have made substantial contributions to all of the following: (1) the

conception and design of the study, or acquisition of data, or analysis and interpretation
of data, (2) drafting the article or revising it critically for important intellectual content,
(3) final approval of the version to be submitted.

Contributors

Each author is required to declare his or her individual contribution to the article: all
authors must have materially participated in the research and/or article preparation, so
roles for all authors should be described. The statement that all authors have approved
the final article should be true and included in the disclosure.

Changes to authorship

Authors are expected to consider carefully the list and order of
authors before submitting their manuscript and provide the definitive list of authors at
the time of the original submission. Any addition, deletion or rearrangement of author
names in the authorship list should be made only before the manuscript has been
accepted and only if approved by the journal Editor. To request such a change, the
Editor must receive the following from the corresponding author: (a) the reason for the
change in author list and (b) written confirmation (e-mail, letter) from all authors that
they agree with the addition, removal or rearrangement. In the case of addition or
removal of authors, this includes confirmation from the author being added or removed.

Only in exceptional circumstances will the Editor consider the addition, deletion or
rearrangement of authors after the manuscript has been accepted. While the Editor
considers the request, publication of the manuscript will be suspended. If the manuscript
has already been published in an online issue, any requests approved by the Editor will
result in a corrigendum.

Statistical Analyses
In addition to the corresponding author, the name of the author(s) responsible for any

statistical analyses and who may be contacted in case of questions should be specified
on the title page.

Article Types and Guidelines

Scientific Articles

e Manuscript < 3500 words, tables and figures < 6, references < 50

o Required Elements:
o Title page
Summary ( <75 words)
Abstract ( < 300 words)
Blinded manuscript
References
Figure captions if figures are present
Uniform disclosure forms (1 for each author)

O O O O O O



e Original laboratory and clinical investigations related to radiation oncology,
radiation biology, and medical physics. Submissions are thoroughly reviewed
for scientific originality, significance, relevance, and priority, and the topics
must be of broad interest to the journal's readers. The Red Journal only accepts
high-priority manuscripts that report cutting-edge science and that promise to
have a strong impact on clinical practice.

Word Limits

Article word limits include the summary, abstract, body, and figure captions.
References are not included, though authors should note any limits on the number of
references for their article type.

Formatting

File Types
Editorial Manager accepts the following files for upload. Note that the title page,

summary, blinded manuscript, and table files must be submitted as Word documents.
Figure file requirements are detailed in the Artwork section below

Use of Word Processing Software

It is important that the file be saved in the native format of the word processor used. The
text should be in single-column format, and line numbering should be turned off. Keep
the layout of the text as simple as possible. Most formatting codes will be removed and
replaced on processing the article. In particular, do not use the word processor's options
to justify text or to hyphenate words. However, do use bold face, italics, subscripts,
superscripts, and so on. When preparing tables, if you are using a table grid, use only
one grid for each individual table and not a grid for each row. If no grid is used, use
tabs, not spaces, to align columns. The electronic text should be prepared in a way very
similar to that of conventional manuscripts (see also the Guide to Publishing with
Elsevier: https://www.elsevier.com/guidepublication). Note that source files of figures,
tables and text graphics will be required whether or not you embed your figures in the
text. See also the section on Electronic artwork. To avoid unnecessary errors you are
strongly advised to use the ”spell check” and “grammar check” functions of your word
processor.

Artwork

A detailed guide on electronic artwork is  available on  our
website: https://www.elsevier.com/artworkinstructions. You are urged to visit this site;
some excerpts from the detailed information are given here. If your electronic artwork is
created in a Microsoft Office application (Word, PowerPoint, Excel) then please supply
"as is" in the native document format. Regardless of the application used other than
Microsoft Office, when your electronic artwork is finalized, please "Save as" or convert
the images to one of the following formats (note the resolution requirements for line
drawings, halftones, and line/halftone combinations given below):

e EPS (or PDF): Vector drawings, embed all used fonts.
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e TIFF (or JPEG): Color or grayscale photographs (halftones), keep to a minimum
of 300 dpi.

e TIFF (or JPEG): Bitmapped (pure black & white pixels) line drawings, keep to a
minimum of 1000 dpi.

e TIFF (or JPEG): Combinations bitmapped line/half-tone (color or grayscale),
keep to a minimum of 500 dpi.

Please do not:

e Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPGQG);
these typically have a low number of pixels and limited set of colors;

e Supply files that are too low in resolution;

e Submit graphics that are disproportionately large for the content.

Color Artwork

Please make sure that artwork files are in an acceptable format (TIFF [or JPEG], EPS
[or PDF], or MS Office files) and with the correct resolution. If, together with your
accepted article, you submit usable color figures then Elsevier will ensure, at no
additional charge, that these figures will appear in color online (e.g., ScienceDirect and
other sites) regardless of whether or not these illustrations are reproduced in color in the
printed version. For color reproduction in print, you will receive information
regarding the costs from Elsevier after receipt of your accepted article. Please
indicate your preference for color: in print or online only. For further information on the
preparation of electronic artwork, please see
https://www.elsevier.com/artworkinstructions.

Illustration Services

The Red Journal offers complimentary illustration services for line drawings and graphs
in all accepted articles. During the typesetting of your paper, Elsevier's production
group will redraw and enhance labels and drawings as needed for clarity and
consistency. Authors will be able to review these polished figures when they receive the
article

Article Structure

Cover Letter

You are welcome to include a letter addressing the Editor-in-Chief to introduce your
manuscript or to explain things not conveyed elsewhere in the submission process.

Title Page (With Author Details):

This should include the title, the short title, authors' names and affiliations, the name of
the author(s) responsible for statistical analyses, a complete address for the
corresponding author and author(s) responsible for statistical analyses including
telephone and e-mail address, the conflict of interest statement, any sources of funding,
and the acknowledgments.

Summary
This brief description of the manuscript (=75 words in length) should be included in its
own separate file. The summary should be no more than 3 brief sentences in length, and
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it should simply state the problem, the methodology, and the conclusions. Data is
unnecessary

Blinded Manuscript (No Author Details):
The main body of the paper should not include any identifying information, such as the
authors' names or affiliations.

The blinded manuscript should include the following:

o Abstract: A brief, structured overview of the research conducted, including its
purpose, the methods and materials used, the results, and the conclusions drawn.

e Introduction: State the objectives of the work and provide an adequate
background, avoiding a detailed literature survey or a summary of the results.

e  Methods and Materials: Provide sufficient detail to allow the work to be
reproduced. Methods already published should be indicated by a reference; only
relevant modifications should be described.

e Results: Results should be clear and concise.

e Discussion: This should explore the significance of the results of the work, not
repeat them. A combined Results and Discussion section is often appropriate.
Avoid extensive citations and discussion of published literature.

e Conclusions: The main conclusions of the study may be presented in a short
Conclusions section, which may stand alone or form a subsection of a
Discussion or Results and Discussion section.

e References: List the references in the order in which they appear in the text,
making sure each reference cited is provided and vice versa.

o Figure Captions: Include a caption for each figure. The caption should consist of
a brief title (not on the figure itself) and a description of the illustration. Be sure
to explain all symbols and abbreviations used within the figure.

Table File (Blinded)
Include all of the tables in one Word document with no identifying information.

Number tables consecutively in accordance with their appearance in the text. Footnotes
in tables can include definitions of abbreviations, designated footnotes, and table
legends, in that order, as needed. Designated footnotes take standard symbols (*, f, I, §,
L9, #, **, 7, and so on). Place footnotes to tables below the table body. Avoid vertical
rules. Be sparing in the use of tables and ensure that the data presented in tables do not
duplicate results described elsewhere in the article.



Figure Files (Blinded)

Figures should be identified in the figure files themselves, in the file name, and in the
description column on upload. Each figure should be uploaded separately and should
not contain any identifying information.

e Number the figures according to their sequence in the text.

o Use a logical naming convention for your artwork files.

o Size the figures close to the desired dimensions of the printed version.
e Submit each figure as a separate file.

Supplementary Material (Blinded)
This material could be in the form of tables, figures, appendices, extraneous methods,
data sets, and so on, and identifying author information should be excluded.

If there is more than one supplementary file/appendix, they should be identified as A, B,
etc. Formulae and equations in appendices should be given separate numbering: Eq.
(A1), Eq. (A2), etc.; in a subsequent appendix, Eq. (B1) and so on. Similarly for tables
and figures: Table Al; Fig. Al, etc.

Uniform Disclosure Form

Each author is required to complete and include an International Committee of Medical
Journal Editors uniform disclosure form with submission, available for free download
at http://www.icmje.org/.

References

Citations in Text

Please ensure that every reference cited in the text is also present in the reference list
(and vice versa). Unpublished results and personal communications are not
recommended in the reference list, but may be mentioned in the text. If these references
are included in the reference list they should follow the standard reference style of the
journal and should include a substitution of the publication date with either
“Unpublished results” or “Personal communication.” Citation of a reference as “in
press” implies that the item has been accepted for publication.

Reference links

Increased discoverability of research and high quality peer review are ensured by online
links to the sources cited. In order to allow us to create links to abstracting and indexing
services, such as Scopus, CrossRef and PubMed, please ensure that data provided in the
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