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Abstract (English) 
Introduction: Despite the proven potential of immunotherapy (IT) in increasing overall survival rates 
in cancer patients, low response rates, side effects and high costs are still big hurdles to deal with. 
Reliable predictive biomarkers for IT (and especially immune-checkpoint inhibition, ICI, therapy), 
other than PD-L1 and tumor mutational burden (TMB) are needed. Less widely investigated 
predictive biomarkers are tumor-infiltrating lymphocytes (TILs) like CD8+ and Foxp3+ T cells. 
Inadequate reporting of clinical studies for the development of prognostic tools impedes 
identification and reproducibility and restrains applicability of results and standardization of 
methods. This study sought to evaluate the reporting quality of studies that investigate predictive 
ability of baseline, pre-treatment, CD8 and Foxp3 levels in cancer immunotherapy responses. 
Aims: To identify studies with predictive claims on response to IT based on baseline phenotyping of 
CD8 and FoxP3, record study characteristics and asses their reporting quality using STARD and 
TRIPOD statements.  
Methods: A systematic review was conducted according to PRISMA guidelines.  201 studies were 
retrieved from MEDLINE and screened for eligibility. 27 studies were assessed for reporting quality 
using STARD statement and 6 out of 27 with STARD and TRIPOD statements.   
Results: A lack of consensus in the use of methods, reagents and analysis to make predictive claims 
on the use of these markers was evident. High quality reporting studies were stronger in reporting 
measures of prognostic accuracy. All the studies that were scored with TRIPOD scored high using the 
STARD statement.  
Conclusions: In order for baseline measurements of markers CD8 and Foxp3 to be more efficiently 
evaluated as potential predictive markers for IT, the reporting quality of subsequent studies has to be 
improved. This can be aided by STARD and TRIPOD guidelines.  This report also serves this task by 
aiding in the dissemination of these guidelines.  
 
Keywords: Immunotherapy, CD8, Foxp3, prediction, STARD, TRIPOD 

 

Abstract (Greek) 
Ειςαγωγή: Παρά τθν αποδεδειγμζνθ δυναμικι τθσ ανοςοκεραπείασ ςτθν αφξθςθ του ςυνολικοφ 
ποςοςτοφ επιβίωςθσ αςκενϊν με καρκίνο, τα χαμθλά ποςοςτά ανταπόκριςθσ, οι ανεπικφμθτεσ ενζργειεσ 
και το υψθλό κόςτοσ παραμζνουν ακόμθ μεγάλα εμπόδια. Απαιτοφνται αξιόπιςτοι προβλεπτικοί 
βιοδείκτεσ για τθν ανοςοκεραπεία (και ειδικότερα για τισ κεραπείεσ αναςτολισ ςθμείου ελζγχου) πζρα 
από τον δείκτθ PD-L1 και το TMB. Λιγότερο μελετθμζνοι προβλεπτικοί βιοδείκτεσ είναι τα Σ 
λεμφοκφτταρα CD8+ και Foxp3+. Σα  ανεπαρκι ςτοιχεία ςτισ αναφορζσ κλινικϊν μελετϊν για τθν 
ανάπτυξθ προβλεπτικϊν εργαλείων εμποδίηουν  τθν εφαρμοςιμότθτα των αποτελεςμάτων και τθν 
τυποποίθςθ των μεκόδων. Η μελζτθ αυτι αξιολόγθςε τθν ποιότθτα αναφοράσ των μελετϊν που 
διερευνοφν τθν προβλεπτικι αξία των προ-κεραπείασ επιπζδων των δεικτϊν CD8 και Foxp3 ςτθν 
ανοςοκεραπεία ςτον καρκίνο.  
Στόχοι: Η αναγνϊριςθ των μελετϊν που ερευνοφν τθν προβλεπτικι αξία των προ-κεραπείασ μετριςεων 
των δεικτϊν CD8 και FoxP3, θ καταγραφι των χαρακτθριςτικϊν των μελετϊν αυτϊν και θ αξιολόγθςθ τθσ 
ποιότθτασ αναφορϊν χρθςιμοποιϊντασ τισ οδθγίεσ STARD και TRIPOD. 
Μζθοδοι: Πραγματοποιικθκε ςυςτθματικι αναςκόπθςθ και 201 υποψιφιεσ μελζτεσ ανακτικθκαν από 
τθν MEDLINE και εξετάςτθκαν για επιλεξιμότθτα. 27 μελζτεσ αξιολογικθκαν για τθν ποιότθτα αναφοράσ 
χρθςιμοποιϊντασ τισ οδθγίεσ STARD. 6 μελζτεσ αξιολογικθκαν με τισ οδθγίεσ STARD και TRIPOD.  
Αποτελζςματα: Οι μελζτεσ που επεξεργάςκθκαν παρουςίαςαν ετερογζνεια ςτθ χριςθ μεκόδων, 
αντιδραςτθρίων και ανάλυςθσ. Οι μελζτεσ με υψθλό ςκορ ποιότθτασ αναφοράσ ιταν ιςχυρότερεσ όςον 
αφορά τισ αναφορζσ ςτθν ακρίβεια των προγνωςτικϊν μετριςεων. Οι μελζτεσ που βακμολογικθκαν με 
τθ λίςτα TRIPOD ςθμείωςαν υψθλι βακμολογία ςτθ λίςτα STARD. 
Συμπεράςματα: Προκειμζνου οι μετριςεισ προ-κεραπείασ των δεικτϊν CD8 και Foxp3 να αξιολογθκοφν 
πιο αποτελεςματικά ωσ δυνθτικοί δείκτεσ πρόβλεψθσ ςτθν ανοςοκεραπεία πρζπει να βελτιωκεί θ 
ποιότθτα αναφοράσ των ςχετικϊν μελετϊν. Η βελτίωςθ αυτι μπορεί να γίνει υπό τθν κακοδιγθςθ των 
οδθγιϊν STARD και TRIPOD. Η παροφςα μελζτθ εξυπθρετεί και αυτό το κακικον κακϊσ βοθκάει ςτθ 
διάδοςθ  αυτϊν των κατευκυντιριων γραμμϊν. 
 
Λζξεισ κλειδιά: Ανοςοκεραπεία, CD8, Foxp3, πρόβλεψθ, STARD, TRIPOD  
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1. Introduction 

1.1 Cancer immunotherapy  
In recent years, the development of new therapies for cancer has made rapid progress. Traditional 
therapies are considered surgery, chemotherapy and radiotherapy. Radiotherapy and 
chemotherapy involve direct killing of tumor cells (interference with cell division, DNA damage, and 
intercalation, synthesis-blocking).  However, these therapies come with a high toxicity burden and 
some treated patients exhibit certain patterns of resistance. Immunotherapy (IT) represents the 
fourth generation of therapeutics against cancer.  
 
The immune system is highly capable of specifically destroying tumors with minimal toxicity to 
normal tissue while maintaining long-term memory, preventing future recurrence of the disease. 
The great advances in cancer immunology in recent years have provided the knowledge and 
techniques to develop innovative immunotherapeutic approaches. Although by definition 
immunotherapy consists of many ways in which the immune system of a patient can be modulated 
in order detect and eliminate tumor cells (with the use of vaccines , recombinant cytokines and 
preformed monoclonal antibodies)  its the discerning of mechanisms that inhibit anti-tumor 
immunity that has led to the development of immune-checkpoint inhibitors (ICI) that generated a 
paradigm shift in cancer treatment1. In reality, this type of therapy works by removing immune 
system's "brakes". The different forms of IT and a simplified graphic of anti-tumor immunity are 
displayed in Figure 1.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. (A) Different forms of immunotherapy with examples and applied tumor type (adopted from

2
) (B) Simplified 

graphic on anti-tumor immunity and key targets (PD-1/PD-L1) in immunotherapy (adopted from
3
). The anti-tumor immune 

response briefly involves cancer-cell antigen presented on an antigen presenting cell which then leads to T cell activation, 
response and proliferation followed by T cell migration to the tumor site and immune-mediated tumor-cell death (mainly 
mediated by CD8

+
 cytolytic T cells This activation and response cascade is regulated by a balance of stimulatory and 

inhibitory signals called immune checkpoints, which control the magnitude of response. 
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1.2 Emerging biomarkers in cancer immunotherapy  
Despite the proven potential of immunotherapy in increasing overall survival rates in cancer patients, 
low response rates, side effects and high costs are big hurdles to deal with. Reliable predictive 
biomarkers for IT (and especially ICI therapies) are needed to manage cancer patients more 
efficiently in the long term. It is not the scope of this report to extensively review all different 
categories of biomarkers as this is a rapidly expanding landscape and has been extensively reviewed 
recently elsewhere4.  The most thoroughly investigated predictive biomarkers for IT are PD-L1 
(approved for first-line pembrolizumab monotherapy in lung cancer)5, microsatellite 
instability/defective mismatch repair (MSI/dMMR), and tumor mutational burden (TMB). MSI/dMMR 
concerns mutations in genes that are involved in correcting mistakes of DNA replication (approved 
for the clinic irrespective for any tumor) whereas TMB measures the quantity of mutations found in a 
tumor (shown to predict response to several different forms of immunotherapy, across multiple 
cancer types6).  
 
Less widely investigated predictive biomarkers for IT are tumor-infiltrating lymphocytes (TILs) like 
CD8+ and Foxp3+ T cells (Figure 2A). CD8+ T cells are key players in immune-mediated tumor-cell 
death as upon activation they release granzymes and other lytic enzymes at the tumor site. CD8 is an 
extracellular protein (co-receptor to T cell Receptor, TCR) found mainly in these cells. It is generally 
considered that their accumulation is associated with favorable prognosis and positive predictive 
value for IT, however there is still a lack of consensus on the methods to optimize and standardize 
determination of these cells2.  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2. (A) Biomarker diversity can be broken in different categories identified by type (soluble, cellular and genomic) as 
well as source (serum, peripheral blood, tumor infiltrating and tumor-originating).  These include soluble factors in blood 
(CRP, LDH, IL-6), cells (like T cells-red box- macrophages, dendritic cells in the TME or blood) and MSI/MMR/TMB at the 
genomic level. Especially for T cells identification is based on the detection of specific surface/intracellular markers (CD8 
and Foxp3) that are usually expressed exclusively by these populations (adopted from

7
). (B) Possible crucial determinants 

for standardizing predictions to be made based on the measurement of T cell markers are the assay used and the timing of 
sampling.   
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Foxp3+ regulatory (Treg) cells are specialized lymphocytes that halt exacerbated immune responses8. 
However, Tregs can also infiltrate malignant tumors and suppress beneficial anti-tumor immunity9. 
Their accumulation in the tumor microenvironment (TME) is associated with poor prognosis in 
various types of cancer, including colorectal cancer and melanoma10. However, recent studies have 
challenged this paradigm by showing that FoxP3+ T cells exhibit heterogeneous phenotypes and, in 
some cohorts, are associated with favorable prognosis (reviewed elsewhere11). Foxp3 is a 
transcription factor (nuclear protein) that controls most of Tregs key phenotypic characteristics 
related to their function12. Despite its wide use as a Treg specific marker, in humans, activated T cells 
also exhibit patterns of transient FoxP3 expression which makes their detection difficult and 
sometimes impossible without the use of surrogate markers (like CD4, CD25, CD127 and others). 
Recent studies have shown that nivolumab reduces Treg suppressive effects by decreasing Foxp3 
expression13. Thus, the timing (prior or after therapy) of assessing the phenotype of these cells could 
be critical (Figure 2B).   

1.3 The importance of accurate reporting – STARD and TRIPOD guidelines 
It is widely accepted that inadequate reporting of clinical studies can impede the identification and 
reproducibility of the study and restrain applicability of results and standardization of methods. 
Many guidelines have been developed (by an international group of methodologists, statisticians, 
reviewers and editors) to improve this. For diagnostic/prognostic studies, in particular, the Standards 
for Reporting of Diagnostic Accuracy (STARD) and the Transparent  Reporting of a multivariable 
prediction model of Individual Prognosis Or Diagnosis (TRIPOD) have been proposed 
(http://www.equator-network.org/reporting-guidelines/stard/,  http://www.equator-
network.org/reporting-guidelines/tripod-statement/)14,15. The purpose of these guidelines is not to 
assess the actual quality of research performed, but to guide to increase the transparency and clarity 
of reporting. This will ultimately facilitate better access, interpretation and applicability of the 
suggested methods and results.   
 
The updated STARD checklist (launched in 2003 and updated in 2015) contains 25 items that should 
be clearly reported to make the study manuscript fully informative. A full list of these items with a 
brief description can be found in the Appendix section (Table A2, p. 17). In brief, these items enquire 
about whether specific details in introduction, methods, results and discussion like information 
regarding participants, index test, reference standards, statistical analysis and relevant results are 
reported.  
 
The TRIPOD statement is more focused for reporting of studies that propose the development, 
validation of a prediction model (for diagnostic or prognostic purposes).It consists of a checklist of 22 
items that interrogate the reporting of characteristics like source of data, participants, predictors, 
model development and performance. Clearly, there is some overlapping with the STARD statement, 
however the TRIPOD statement allows for a deeper investigation of reporting focused around 
development and validation cohorts, necessary for predictive model design. A full list of these items 
in the TRIPOD statement with brief descriptions can be found in the Appendix section (Table A3, p. 
18). 
 

1.3 Aims of this report  
The main aims of this report were: (1) to identify studies that report predictive claims on response to 
immunotherapy based on baseline phenotyping data on markers CD8 and Foxp3, (2) to extract data 
from these studies concerning basic, methodological, technical characteristics and results and (3) to 
asses reporting quality of the identified studies using STARD and TRIPOD statements.  
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2. Methods  

2.1 Study identification and selection 
A systematic search for clinical studies was performed, based on PRISMA guidelines,  in database 
MEDLINE, using PubMed. The aim was to identify clinical studies published from January 1999 to 
July 2019 that investigated the association of phenotyping of immune markers CD8 and/or FoxP3 in 
the prediction of response to cancer immunotherapy. The search used the following terms: 
((“predictive” or “prediction”) and (“immunotherapy”) and (“tumor” or “cancer”) and (“CD8” or 
“Cd8” or “Foxp3” or “FOXP3” or “FoxP3” or “foxp3” or “Tregs”)). The references of the retrieved 
articles were also screened for potential additional eligible studies. A list with all retrieved articles 
from PubMed prior to screening can be also found in a pdf file in the link provided in the Appendix 
section (see bottom of p.15). 
 
From the retrieved studies, a selection step was performed with the following criteria: (1) they 
contained patients diagnosed with cancer (any type) to be treated as part of a trial/study with 
immunotherapy (any type), (2) reported baseline (pre-treatment, before immunotherapy) 
measurements of markers CD8 and/or FoxP3 levels (protein and/or mRNA), (3) published in English 
language, (4) they were human studies (and not animal model studies) and (6) they were full 
reports (and not conference abstracts, presentations short reports, or commentaries). 
 

2.2 Data abstraction  
All selected studies were critically evaluated using a variety of study settings, technical details of 
phenotyping assays as well as statistical analyses and models used. A detailed list of all the 
information abstracted from the studies can be found in the Appendix section, Table A1, p.16. 
 

2.3 Assessment of study reporting quality using reporting tools STARD and 
TRIPOD  
To assess the quality of reporting of the selected studies the STARD guidelines (Appendix, Table A2 
p. 17). Undoubtedly, all items in this list are important to fully assess the quality of reporting of 
diagnostic/prognostic studies, however for the purposes of this report the focus was mainly on 
items related to methodology, results and analysis. Thus, from the STARD checklist, items 1,2,3,4 
and 26, 27, 28, 30 were excluded and items 5 to 25 were included. According to the principles of 
the STARD guidelines, these items were investigated on the basis of whether they were fully and 
clearly reported and not whether they were actually carried out during the study. Using a scoring 
approach previously described16, items were scored as ‘1’ if they were reported in adequate detail 
to allow reader to judge that the definition/description had been met or ‘0’ if the item was absent 
or poorly described, a scoring approach which has been previously described16. 
In addition to STARD we also used the TRIPOD tool (Appendix, Table A3, p. 18) for the studies that 
clearly stated the use of a model that was developed using discovery/training/developing and 
validation/testing cohorts. For this purpose, and in a similar way as above, the focus was on 
methodological, results and analysis descriptions so items 6a to 20 were included in the analysis. As 
above, items were scored as ‘1’ if they were clearly reported in detail and as ‘0’ if absent or unclear.  
Finally, studies were qualified as high quality and low quality. For STARD assessment studies were 
qualified as high when score was ≥12 and lower quality when score was <12. For TRIPOD 
assessment studies were qualified as high when score was ≥16,5 and lower quality when score was 
<16,5. The choice of quality score cut-offs was the median of the overall quality scores of the 
studies. The overall quality score was calculated by summing the score of reported items. 
 

2.4 Statistical analysis of STARD scores 
To express the association between proportions of reporting an item in the STARD checklist across 
the high/low grouping (based on the median STARD score of all the studies), the Fisher’s exact test 
was used, P values <0.05 indicated statistical significance.  
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3. Results 

3.1 Eligible Studies  
A search for studies was conducted using PubMed and identified 165 articles that met the search 
criteria (see Methods). Additionally, 36 articles were identified from references of retrieved articles 
and reviews. All together, 201 articles were screened for eligibility. A flow diagram of retrieved and 
excluded articles with specification reasons is shown in Figure 3. In total, 27 unique articles 
remained for complete full-text evaluation and assessment of reporting quality using STARD and 
TRIPOD statements. The full list of the 27 articles can be found in the Appendix (see List of selected 
studies, p. 15). 

 
Figure 3. A Flow diagram of identified and eligible studies. A full list of selected studies can be found in the Appendix, List 
of selected studies, p. 15). 

3.2 Study characteristics   
All eligible studies were subjected to screening and data extraction. Briefly, data extracted included  
study main characteristics (First author, date, Journal, country, setting etc), study design 
(retrospective or prospective, sample size, type of cancer, type of immunotherapy etc) as well as 
methodological details (markers assessed, type of assay, antibody clones, blind assessment etc), 
type of analysis performed (Univariate, multivariate) and information related to the predictive 
claim of the study. A full list with of the extracted characteristics with a brief description can be 
found in the Appendix (Table A1, p.16).  
An excel file with all the extracted data from the 27 identified studies can be found in this link:  
https://drive.google.com/drive/folders/1C0xSkKvUPd_pU4cJRg6ZEgR0NR_NOVvm?usp=sharing  
Percentage analysis of basic characteristics of the studies revealed that 18.5% of the studies (5 
studies) were published in AACR Clinical Cancer Research followed by Cancer Immunology and 
Immunotherapy (11.1%, 3 studies) (Figure 4A). Interestingly, 50% of the journals were STARD 
endorsers and 2 out of 16 journals explicitly endorsed TRIPOD guidelines. In addition, 51.8% of the 
identified studies were published in STARD endorsing journals (Figure 4A). 
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Figure 4. Percentage analysis  of retrieved studies regarding (A) Journal and endorsement of reporting guidelines, (B) 

Population, (C) Year Published and (D) type of cancer under treatment.   
 
A big majority of identified studies were performed in the US (33.3%) in clinical centers. Most 
publications were dated from 2016 onwards and in half of the studies the type of cancer under 
treatment was melanoma (53%) followed by Lung (14%) and Head and Neck cancer (7%) (Figure 
4B-D).  
 
Regarding the reported information on basic characteristics of patients, the mean of the all the 
median ages was 58.8 years, the mean of total study size was 99.2 (range 7-401) and the mean 
number of samples (events) with baseline marker data included in subsequent analysis was 57 
(range 7-175) (Figure 5A). Concerning therapy, 26% of studies reported as prior therapy 
chemotherapy and the majority of studies involved administration of anti-CTLA4 (Ipilimumab) 
followed by anti-PD1 (nivolumab) and anti-PD1/PDL1 (Figure 5B,C). It is interesting to note here 
that 19% of studies did not report prior therapy and 26% of studies reported the existence of prior 
therapy but did not specify the type. The majority of the studies had a prospective design, whereas 
8 studies had a retrospective design (Figure 5D). 
 
The features that very often dictate the quality of study output, but most importantly overall 
transparency and reproducibility are methodological and technical details. Concerning the markers 
screened in the identified studies, 48% studied CD8, 44% CD8 and FoxP3 whereas 7% (2 studies) 
screened for FoxP3 alone (Figure 6A). In addition, 70% of studies used additional markers either as 
surrogate markers or as parallel/reference tests (Figure 6B). Among these, the most prevalent was 
PD-L1 (in 9 studies). One study used also TMB in the analysis of predictors. Concerning technical 
details, percentage analysis revealed that most of the studies used immunohistochemistry (IHC) 
techniques and reported using sections from ‘tumor biopsies’ (17 studies), ‘tumor’ (9 studies), 
‘tumor and stroma’ (7 studies) or ‘tumor center’ (1 study) (Figure 6C). A smaller fraction of studies 
used blood (7 studies) as the biological material under investigation. Finally, the majority of studies 
had at least one screening technique that involved the use of an antibody for the detection of CD8 
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and Foxp3. The spectrum of antibodies used can be seen in Figure 6D. Many studies did not report 
the specific clone that was used. The clone SP16 (anti-CD8) was used in 4 studies. clone (anti-CD8) 
(Figure 6D).   
 

 
Figure 5. Descriptive statistics and percentage analysis on retrieved studies regarding (A) Patient age and study sizes, (B) 
prior therapy, (C) type of Immunotherapy (IT) and (D) type of study design.   
 
 

 
Figure 6. Percentage analysis on retrieved studies regarding (A) which marker was measured, (B) whether surrogate 
and/or reference markers were used (C) methodological details such as the type of assay, sample and location used and 
(D) the clones of antibodies used, if applicable.  
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Next, information related to methodological aspects of these studies such as the outcome index, 
assessment, model development/validation and blindness of assessment (Extracted data with 
codes C16, C28, C43 and C29 Appendix Table A1, p.20) was extracted. Most of the studies (66%) 
reported the use of the Response Evaluation Criteria in Solid Tumors (RECIST) or RECIST 1.117 
(Figure 7A). Assessment of index test was performed by investigator(s)/pathologist(s) in 13 studies 
and investigator and computer (automated- algorithm based system) in 8 studies whereas 3 studies 
report the exclusive use of computer based assessment method and 3 studies do not specify how 
assessment was done (Figure 7B). Only 6 studies report the design and use of a predictive model 
using training/discovery/development and test/validation cohorts and only these studies were 
further analyzed for reporting quality using the TRIPOD statement (Figure 7C). Finally, percentage 
analysis on the blindness of the assessment of the index test in relation to the therapy outcome 
revealed that 55.5% of studies (15 studies) did not report such information whereas 12 did (10 
reported ‘yes’ and 2 reported ‘no’) (Figure 7D). 
 

 
Figure 7. Percentage analysis of retrieved studies regarding (A) outcome index, (B) assessment method, (C) whether the 
study included training/validation cohort and (D) whether assessment was performed in a blind fashion.    
 

Concerning the reporting of results in these studies, the analysis of responders and non-responders 
throughout the cohort of the identified studies reveals that the mean percentage of non-
responders is much higher than non-responders, however (despite the small sample size) this trend 
changes if these results are displayed based on patient stratification according to type of IT given 
(Figure 8A). Nearly half of the studies (44%, 12 studies) report positive association (meaning that 
more/positive cells are found in responders) of these markers (any) with clinical benefit whereas 11 
studies report no association and 4 studies report negative or poor association (either positive or 
negative) (Figure 8B). Overall, 46.4% of the studies report that baseline measurements of these 
markers can be used to predict responses (Figure 8C). Finally, only a few studies explicitly specified 
a cutoff metric such as a percentage of cells in blood/tissue or a specific number of cells per unit 
area. Overall, a wide spectrum of cutoffs (numbers/methods) for discrimination of patients based 
on these markers (either CD8 or Foxp3) were used (Figure 8D).  
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Figure 8. Percentage analysis of retrieved studies regarding (A) response to IT by any type (all) or stratified by anti-
PD1/anti-CTLA-4 studies,*** p<0.001, Mann-Whitney test,  (B) association with clinical benefit based on marker 
examined, (C) predictive claim from the study and (D) the wide range of cutoffs and ways of discriminating patients based 
on the measurements of these markers. 
 

3.3 Assessment of reporting quality using STARD and TRIPOD statements  

 3.3.1 Assessment of reporting and scoring using STARD and TRIPOD 
In parallel with data the reporting quality of identified studies was assessed and all studies were 
scored using the STARD statement (see Methods, section 2.3). As mentioned in the Introduction, 
(section 1.3) from the 25 items of the STARD checklist the focus was on items of methodology and 
analysis whereas items related to title, abstract, hypothesis and funding were excluded from the 
scoring scheme (see highlighted items in yellow in Appendix, Table A2). However, it has to be noted 
that most of the studies did adequately report on the aforementioned features. The full table that 
contains the marks for every identified study can be found here in an excel file in this 
link:https://drive.google.com/drive/folders/1C0xSkKvUPd_pU4cJRg6ZEgR0NR_NOVvm?usp=sharing 
 
The percentages of reporting items of STARD can be seen in Figure 9A. The percentage of reporting 
was very high in the methods section (study design and participants). Then moving into the analysis 
and results section, percentage of reporting gradually decreased and reached 0% in item 18 which 
relates to sample size and how it was determined. None of the studies reported how sample size 
was determined. Very low percentage (almost 0%) can be seen in items 22 (which is about “time 
interval and any clinical interventions between index test and reference standard” and item 23 
which is about “Cross tabulation of the index test results (or their distribution) by the results of the 
reference standard”. Finally, all studies do not report adverse events from performing index test 
since in this particular group this was mainly blood collection and tumor biopsies.  
 
Further assessment and marking was done in studies that include the reporting of a 
training/validation design for a prediction model in response in immunotherapy. From the 27 
identified studies only 6 studies reported such design; these were studies with id 5, 6, 11, 12, 17 
and 24. In a similar way with the STARD scoring scheme the percentage of reporting for each item 
of the TRIPOD checklist can be seen in Figure 9B.  
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Reporting percentage was 0 for items 8, 10e, 14b and 17. Item 8 relates to study size, item 10e 
relates to “model updating (e.g., recalibration) arising from the validation”, item 14b is about 
reporting on “the unadjusted association between each candidate predictor and outcome” and item 
17 is about reporting on “results from any model updating (i.e., model specification, model 
performance)”. Regarding item 8, it was expected since these studies were also scored using the 
STARD guidelines.  Regarding items 10e and 1, clearly these issues do not apply to current studies 
as yet. Perhaps in future follow-ups, if more data are available these issues could be reported. 
Regarding item 14b, the unadjusted association would enhance transparency in reporting in these 
studies and could have been included perhaps as supplementary material. Reporting percentages 
were 100% in items 6a, 12, 13c and 18 to 20. These items relate to the reporting of a clear outcome 
to be predicted (item 6a) as well as reporting of comparisons of training and test cohorts (items 12, 
13c) to identify study limitations and future use of the model (items 18 to 20). Finally, the studies 
that were marked with TRIPOD were found to be on the high range of STARD scoring (Figure 9C).  
 

 
Figure 9. (A) Bar graph showing percentage of reporting items (5 to 25) of the STARD 2015 checklist for all the 27 
identified studies. (B) Bar graph showing percentage of reporting items (6 to 20) of the TRIPOD checklist for 6  studies 
(reporting development/validation cohorts for prediction model) with id 5, 6, 11, 12, 17 and 24 (see list in Appendix p.15). 
(C) Scatter plot showing the percentage of reporting for all items using STARD (n=27) and TRIPOD (n=6) guidelines. Dashed 
lines connect same studies assessed with both reporting tools.  

3.3.2 Effect of study quality  
The median score from the above marking schemes was calculated. The median score for STARD 
from all studies was 12. This score was used to dichotomize the group to high/low scoring, so 15 
studies (id: 1,2,3,4,5,6,8,11,12,15,16,17,18 and 27) were classified as high quality and 12 studies (id: 
7,9,10,13,14,19,20,21,23,24,25 and 26) were classified as low quality. This dichotomization was used 
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to investigate for associations between proportions of an item across the two groups of articles as 
previously described16. Similarly, the same rationale was applied to calculate median scores and 
dichotomize and classify the TRIPOD assessed studies.  The median score from all studies was 16.5 
resulting in 3 studies (id: 5, 6 and 17) to be classified as high quality score and 3 studies (id: 11, 12 
and 27) to be classified as low quality score. However, the small sample size did not allow for 
correlation statistics to be performed in this case. Interestingly, the percentage of studies published 
in journals endorsing STARD was higher in high quality score studies (58% vs 51% in low high score), 
but this correlation was not found to be significant (chi-square test, not shown).  
 
Next, the quality of reporting in high scoring (score <12) versus low scoring (score ≥12) was 
compared item-by-item and presented in Table 1. Significant differences were seen in 5 items 
(p<0.05) (3 items in methods: reference standard, rationale for choosing and measures of diagnostic 
(prognostic in this case) accuracy and 2 items in results: distributions of severity of diseases in those 
with and without the target condition. In all these items, high scoring articles showed better 
performance.  

 
 
Table 1. Proportion of reporting of the items in the STARD statement, overall, and in a total of 27 identified studies 
involving predictive claim of response to immunotherapy based on phenotyping for CD8 and/or Foxp3 markers. * P values 
from Fisher's exact test (association between proportions of reporting an item across the two groups of articles). 
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4. Discussion 
The global cost of cancer care is constantly rising. Advanced immunotherapy (IT) approaches such as 
the Immune checkpoint inhibitors (ICIs) do have the prospect of eliminating cancer efficiently and 
reduce the costs of cancer patient management in the long term. However, despite clinical success, 
cancer immunotherapy remains ineffective in a large proportion of patients. Importantly, the lack of 
biomarkers that could predict clinical responses is a major drawback to therapeutic decisions and is 
accompanied by high expense. Identifying good biomarkers as predictors is not and will not be an 
easy task. A predictive signature of multiple aspects of the immunological (and non-immunological 
profile, such as genomic instability) characteristics of the patient rather than individual markers will 
most likely prove to be useful for the clinic. Nevertheless, the need to assess individual predictors by 
design, performance and reporting remains very important.  
 
This report identified studies that assessed baseline (prior to IT) measurements of immune markers 
CD8 and/or Foxp3 as predictors of response to IT and investigated the reporting quality of the 
identified studies. The evaluation of reporting quality was aided by the STARD and TRIPOD guidelines 
which have a reported impact on improving reporting transparency in diagnostic/prognostic studies 
over the past ten years14. This was performed in parallel with data extraction from these studies 
which can assist in a better evaluation of the reporting quality in detail and feed in to a future meta-
analysis on this subject.  
 
The focus of this report was on baseline measurements of these immune markers rather than early 
or late-treatment assessments.  Predictions based on baseline could be equally important as later 
assessments since it has been suggested that, ICI IT approaches such as anti-CTLA-4 (ipilimumab) and 
anti-PD-1 (nivolumab) could partially act via modulating Foxp3 levels and Treg cell function13. As a 
consequence, CD8 levels could also be affected by IT making the interpretation of these results more 
complex. From the identified studies, some contained comparison of CD8 and/or Foxp3 changes 
after treatment (compared to baseline), and this also could be a useful marker that has to be 
thoroughly investigated18. Other types of treatments such as radiation could increase the frequency 
of proliferating CD8+ cells, therefore such details should always be reported in similar studies19. 
 
From the data extraction of the different characteristics of the studies many interesting points can be 
highlighted. First, some studies had a very low number of participants which makes the predicted 
output poor in terms of statistical power. To some extent, this is expectable since many of the 
identified studies had a retrospective design. However, it was striking to note that none of the 
studies, especially the ones with prospective design reported sample size estimation even as a 
discussion point to describe the ideal situation needed to create enough statistical power. In general, 
the effects of study power were not specified and adequately reported. Second, many identified 
studies did not have as a primary objective to develop a model to predict responses based on 
baseline measurements of CD8 and/or FoxP3, however they have used one or both markers to make 
assumptions and hypotheses around this issue and, as secondary endpoint, this comparison was 
included to support the primary endpoint.  
 
The assessment with reporting guidelines also revealed reporting weaknesses. Many studies did not 
report whether assessment of the index test was blinded or not (item 8 in TRIPOD, item 13b in 
STARD). As described in the relevant explanation and elaboration documents15 this is not about 
whether blinding is desirable or undesirable, but rather that readers of the study report need 
information about blinding for the index test and the reference standard to be able to interpret the 
study findings. The introduction of reporting and/or measurement bias cannot be excluded. 
Moreover, low reporting was observed in the item that describes cross-tabulation of index test 
and/or to a reference standard. Again, this could be due to context as many of the identified studies 
do not relate to a reference standard. However, better reporting of relating index test (CD8/Foxp3 
phenotyping results with high/low densities) and the future clinical events (response or no response 
to therapy) could have been reported to allow for a more comprehensive understanding of the data. 
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This is particularly useful in such cases where there is no ‘gold’ standard and evaluation of a 
prognostic test can rely on relative risks, event rates and other correlation statistics 20. 
 
Another very important point especially for diagnostic/prognostic studies is the use of reference 
standards and predictive models. The majority of the identified studies lack reporting on using 
generally accepted emerging reference standards PD-L1 and TMB. None of these markers can be 
considered as ‘gold standard’, thus it is somehow justifiable that many reports do not use them or 
consider other markers. A recent study in melanoma patients showed that 6–41% of patients 
negative for PD‐L1 do respond to anti‐PD‐1 therapy, while half of the patients positive for PD‐L1 
positive do not respond21. Another layer that fuels this heterogeneity is the fact that discordances in 
PD-L1 measurements have been observed between biopsies and surgical resections22. Furthermore, 
the use of different antibodies and cut-off criteria can also account for these discrepancies22. To a 
similar extent, in the current report, many different antibodies were reported to measure CD8 
expression but few studies also did not provide the clone that was used. In addition, some of the 
identified articles were published long before these reference markers and relevant ICI IT emerged.  
 
Regarding more technical details, most studies used tumor tissue slides by immunohistochemistry as 
this is the ‘gold’ standard to assess tumor immune infiltrates because it allows for exact 
quantification of different parameters such as density, type and localization of infiltrating immune 
cells 23-25. A small fraction of studies used blood as the biological material under investigation. This is 
due to either context (for leukemia) or due to the notion that peripheral immune profiles can also be 
used to predict anti-tumor responses and to a certain extent responses to immunotherapy26.  
 
Another key finding on this report was revealed through reporting of surrogate markers and the use 
of immune models rather than individual markers to associate with clinical responses. Recent studies 
have shown that high percentage of Tregs in primary cutaneous and metastatic melanomas was 
associated with reduced overall survival27. Similar studies however did not support these findings and 
such correlations27. It is believed that the ratio CD8+ T to Treg cells in the TME will better predict 
favorable outcome27. None of the identified studies in this report have reported measurement of a 
similar baseline ratio of cytolytic T to regulatory T cells in their design.    
 
Finally, a very interesting and important aspect of the analysis of this report was that high quality 
reporting studies reported more strongly on measures of diagnostic (prognostic) accuracy like 
sensitivity, specificity, positive and negative predictive values.  
 
Biomarkers for predicting response to immunotherapy are paving the way for personalized 
treatment for patients with diverse cancer types. However, standardization of the available 
biomarker assays is an urgent requirement. In general, studies that do not meet quality standards 
cannot be accepted by Evidence based level grading and therefore do not meet quality standards for 
being considered in future review panels of practice guidelines. This report focused on identifying 
and assessing for reporting quality, studies that tested baseline measurements of immune markers 
as predictors of immunotherapy response. This report also serves to disseminate STARD and TRIPOD 
guidelines to improve reporting quality of relevant studies. Assessment of the quality of reporting of 
these data will lead to future evaluation of identification of novel biomarkers that will reliably predict 
responses to immunotherapy, allowing therefore patient stratification. There is a high demand for 
studies that will present panels with prediction ability that will be then validated in a separate cohort 
of patients before establishment as a diagnostic/prognostic tool. Sophisticated multi-disciplinary 
approaches that are needed to develop these diagnostic/prognostic tools will be more quickly 
produced if clinical data reporting becomes more transparent and clear.  
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A pdf file that contains all the 165 articles retrieved prior to screening can be found here:  
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Table A1. Characteristics of information extracted (C1-C55) from the 27 selected studies with a brief description.  
 

Code Characteristic Brief description 

C1 First author  Name of first author  

C2  Year  Publication year 

C3 Journal  Publication name 

C4 Study type Type of study (retrospective, prospective, RCT etc) 

C5 Setting Where the study was conducted (e.g. clinical center) 

C6 Population  Participant population 

C7 Tumor type Type(s) of cancer in participants 

C8 Stage/Grade Stage/ Grade of tumor in participants 

C9 IT type Type of Immunotherapy (ICI, cytokines etc) 

C10 Description of prior therapy (if any) Description of prior or concurrent therapy (if any other than surgery, e.g. 
chemotherapy) 

C11 Study size Total number of participants 

C12 Median age (range) Median age and range of participants  

C12 Events Number of patients with baseline data of CD8 and/or Foxp3 markers 

C13 no. of R Number of responders to IT based on the predefined criteria  (outcome) 

C14 no. of NR Number of non-responders to IT based on the predefined criteria  (outcome) 

C15 Follow-up period (from treatment)  
months 

Follow-up period during or after therapy that assessment occurred 

C16 Outcome index Assessment of outcome based on specified criteria (e.g. RECIST, OS, BOR etc) 

C17 Marker (CD8/FoxP3) Which marker was measured 

C18 Assay Type of assay to measure CD8 and or FoxP3 

C19 Reagent used (clones if Ab) Which antibody clone was used in applicable 

C20 Use of multiple markers? Whether there was in parallel marking of additional surrogate/reference markers 

C21 Other markers If C20 was a yes, specify markers 

C22 Index test Cutoff point (if used) Cut-off values or methodology of the index test 

C23 Reference to PD-L1/TMB Whether the study used emerging reference markers to immunotherapy response like 
PD-L1/TMB 

C24 Ref std Cutoff point (if used) Cut-off values or methodology of the reference test (if applicable) 

C25 Immune model used Whether a ratio of markers indicative of immune model was used (e.g. CD8:CD4, 
CD8:CD3 etc) 

C26 Counting Location  Which location in the tissue was used to measure 

C28 TMA/Sections/Blood Whether the study used tissue sections, blood or tissue micro arrays as sampling 
material  

 Index test assessment by How was the assessment done (investigator(s) pathologist, computer etc) 

C29 Blinding Whether index/test results were blinded to outcome assessment  

C30 Predictive claim from study Predictive claim for the specific immune markers (Neutral, poor, good) 

C31 Statistical sig difference between 
Foxp3/CD8 between Resp and non 
Resp 

Whether there was statistical significance difference in any type of measurement by 
any type of statistical test between responders and non responders  

C32 Association with clinical benefit The type of association between index test result and clinical benefit (of any type) 
(neg, pos etc) 

C33 Reported analysis method Type of analysis used (univariate, multivariate) 

C34 Univariate p-value Univariate analysis p-value 

C35 Univariate HR Univariate analysis Hazard Ratio 

C36 Univariate CI Univariate analysis confidence intervals  

C37 Multivar correction to clinicopath Multivariate  analysis correction to clinicopathological characteristics 

C38 Multivar p-value Multivariate  analysis confidence p-value 

C39 Multivar CI Multivariate  analysis confidence intervals 

C40 AUC  Area under the Curve  

C41 AUC CI Area under the Curve Confidence intervals  

C42 AUC p-value Area under the Curve Confidence p-value 

C43 Predictive model and validation Whether the study used in the design development/discover and validation/test 
cohorts (Y/N) 

C44 Sensitivity Sensitivity  

C45 Specificity Specificity  

C46 PPV Positive predictive Value 

C47 NPV Negative predictive Value 

C48 DOI Digital Object Identifier System 

C50 JIF (2019) Journal Impact factor - 2019 

C51 Citations Article citations based on latest metrics - 2019 

C52 STARD score STARD score from this report 

C53 STARD score hi/lo STARD score dichotomization to high/low 

C54 TRIPOD score TRIPOD score from this report 

C55 TRIPOD score hi/lo TRIPOD score dichotomization to high/low 
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Table A2. STARD 2015 checklist. Yellow boxes denote items used in analysis and subsequent marking. 
 

 Section & Topic No Item 
    

 TITLE OR 

ABSTRACT 

  

  1 Identification as a study of diagnostic accuracy using at least one measure of accuracy 

(such as sensitivity, specificity, predictive values, or AUC) 

 ABSTRACT   

  2 Structured summary of study design, methods, results, and conclusions  

(for specific guidance, see STARD for Abstracts) 

 INTRODUCTION   

  3 Scientific and clinical background, including the intended use and clinical role of the index test 

  4 Study objectives and hypotheses 

 METHODS   

 Study design 5 Whether data collection was planned before the index test and reference standard  

were performed (prospective study) or after (retrospective study) 

 Participants 6 Eligibility criteria  

  7 On what basis potentially eligible participants were identified  

(such as symptoms, results from previous tests, inclusion in registry) 

  8 Where and when potentially eligible participants were identified (setting, location and dates) 

  9 Whether participants formed a consecutive, random or convenience series 

 Test methods 10a Index test, in sufficient detail to allow replication 

  10b Reference standard, in sufficient detail to allow replication 

  11 Rationale for choosing the reference standard (if alternatives exist) 

  12a Definition of and rationale for test positivity cut-offs or result categories  

of the index test, distinguishing pre-specified from exploratory 

  12b Definition of and rationale for test positivity cut-offs or result categories  

of the reference standard, distinguishing pre-specified from exploratory 

  13a Whether clinical information and reference standard results were available  

to the performers/readers of the index test 

  13b Whether clinical information and index test results were available  

to the assessors of the reference standard 

 Analysis 14 Methods for estimating or comparing measures of diagnostic accuracy 

  15 How indeterminate index test or reference standard results were handled 

  16 How missing data on the index test and reference standard were handled 

  17 Any analyses of variability in diagnostic accuracy, distinguishing pre-specified from exploratory 

  18 Intended sample size and how it was determined 

 RESULTS   

 Participants 19 Flow of participants, using a diagram 

  20 Baseline demographic and clinical characteristics of participants 

  21a Distribution of severity of disease in those with the target condition 

  21b Distribution of alternative diagnoses in those without the target condition 

  22 Time interval and any clinical interventions between index test and reference standard 

 Test results 23 Cross tabulation of the index test results (or their distribution)  

by the results of the reference standard 

  24 Estimates of diagnostic accuracy and their precision (such as 95% confidence intervals) 

  25 Any adverse events from performing the index test or the reference standard 

 DISCUSSION   

  26 Study limitations, including sources of potential bias, statistical uncertainty, and generalisability 

  27 Implications for practice, including the intended use and clinical role of the index test 

 OTHER 

INFORMATION 

  

  28 Registration number and name of registry 

  29 Where the full study protocol can be accessed 

  30 Sources of funding and other support; role of funders 
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Table A3. TRIPOD checklist. Yellow boxes denote items used in analysis and subsequent marking. 
  

Section/Topic Item  Checklist Item 

Title 1 D;V 
Identify the study as developing and/or validating a multivariable prediction model, the target 
population, and the outcome to be predicted. 

Abstract 2 D;V 
Provide a summary of objectives, study design, setting, participants, sample size, predictors, 
outcome, statistical analysis, results, and conclusions. 

Background 
and objectives 

3a D;V 
Explain the medical context (including whether diagnostic or prognostic) and rationale for 
developing or validating the multivariable prediction model, including references to existing models. 

3b D;V 
Specify the objectives, including whether the study describes the development or validation of the 
model or both. 

Source of data 
4a D;V 

Describe the study design or source of data (e.g., randomized trial, cohort, or registry data), 
separately for the development and validation datasets, if applicable. 

4b D;V 
Specify the key study dates, including start of accrual; end of accrual; and, if applicable, end of 
follow-up.  

Participants 
5a D;V 

Specify key elements of the study setting (e.g., primary care, secondary care, general population) 
including number and location of centers. 

5b D;V Describe eligibility criteria for participants.  

5c D;V Give details of treatments received, if relevant.  

Outcome 
6a D;V 

Clearly define the outcome that is predicted by the prediction model, including how and when 
assessed.  

6b D;V Report any actions to blind assessment of the outcome to be predicted.  

Predictors 
7a D;V 

Clearly define all predictors used in developing or validating the multivariable prediction model, 
including how and when they were measured. 

7b D;V Report any actions to blind assessment of predictors for the outcome and other predictors.  

Sample size 8 D;V Explain how the study size was arrived at. 

Missing data 9 D;V 
Describe how missing data were handled (e.g., complete-case analysis, single imputation, multiple 
imputation) with details of any imputation method.  

Statistical 
analysis 
methods 

10a D Describe how predictors were handled in the analyses.  

10b D 
Specify type of model, all model-building procedures (including any predictor selection), and method 
for internal validation. 

10c V For validation, describe how the predictions were calculated.  

10d D;V 
Specify all measures used to assess model performance and, if relevant, to compare multiple 
models.  

10e V Describe any model updating (e.g., recalibration) arising from the validation, if done. 

Risk groups 11 D;V Provide details on how risk groups were created, if done.  

Development 
vs. validation 

12 V 
For validation, identify any differences from the development data in setting, eligibility criteria, 

outcome, and predictors.  

Participants 

13a D;V 
Describe the flow of participants through the study, including the number of participants with and 
without the outcome and, if applicable, a summary of the follow-up time. A diagram may be helpful.  

13b D;V 
Describe the characteristics of the participants (basic demographics, clinical features, available 
predictors), including the number of participants with missing data for predictors and outcome.  

13c V 
For validation, show a comparison with the development data of the distribution of important 
variables (demographics, predictors and outcome).  

Model 
development  

14a D Specify the number of participants and outcome events in each analysis.  

14b D If done, report the unadjusted association between each candidate predictor and outcome. 

Model 
specification 

15a D 
Present the full prediction model to allow predictions for individuals (i.e., all regression coefficients, 
and model intercept or baseline survival at a given time point). 

15b D Explain how to the use the prediction model. 

Model 
performance 

16 D;V Report performance measures (with CIs) for the prediction model. 

Model-updating 17 V If done, report the results from any model updating (i.e., model specification, model performance). 

Limitations 18 D;V 
Discuss any limitations of the study (such as non representative sample, few events per predictor, 
missing data).  

Interpretation 
19a V 

For validation, discuss the results with reference to performance in the development data, and any 
other validation data.  

19b D;V 
Give an overall interpretation of the results, considering objectives, limitations, results from similar 
studies, and other relevant evidence.  

Implications 20 D;V Discuss the potential clinical use of the model and implications for future research.  

Supplementary 
information 

21 D;V 
Provide information about the availability of supplementary resources, such as study protocol, 
Web calculator, and datasets.  

Funding 22 D;V Give the source of funding and the role of the funders for the present study.  

 
*Items relevant only to the development of a prediction model are denoted by D, items relating solely to a validation of a prediction model 
are denoted by V, and items relating to both are denoted D;V.  The TRIPOD Checklist was used in conjunction with the TRIPOD Explanation 
and Elaboration document. 
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