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25 ABSTRACT

26 Introduction: The combination of biomarkers and drugs is the subject of growing interest both 

27 from regulators, physicians and companies. This study protocol of a systematic review is aimed to 

28 describe available literature evidences about the cost-effectiveness, cost-utility or net-monetary 

29 benefit of the use of biomarkers in solid tumour as tools for customizing immunotherapy to 

30 identify what further research needs.

31 Methods and analysis: A systematic review of the literature will be carried out according to the 

32 PRISMA statement guidelines. PubMed and Embase will be queried from June 2010 to June 2020. 

33 The PICO Model will be applied: the patients target will be with solid tumours treated with 

34 immunotherapy; the interventions (I) will be the use of predictive biomarkers; the comparator (C) 

35 will be any other strategies; the outcomes (O) will be expressed in terms of cost-effectiveness, 

36 cost-utility, net-monetary benefit, life years gained and quality of life. The quality of the evidence 

37 was graded according to GRADE (Grading of Recommendations Assessment, Development and 

38 Evaluation).

39 Ethics and dissemination: This systematic review will assess the cost effectiveness implications of 

40 using blood-based biomarkers in the immunotherapy, which may help to understand whether this 

41 approach is widespread in real clinical practice. This research is exempt from ethics approval 

42 because the work is carried out on published documents. We will disseminate this protocol in a 

43 related peer-reviewed journal.

44 PROSPERO registration number: CRD42020201549

45
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46 ARTICLE SUMMARY

47 Strengths and limitations of this study

48  The use of predictive biomarkers in the immunotherapy can help target therapy in some 

49 solid tumors, hence, the combination of biomarkers and drugs is the subject of growing 

50 interest both from regulators, physicians and companies.

51  This is the first systematic review which will specifically describe and synthetize available 

52 literature evidences about the cost-effectiveness, cost-utility or net-monetary benefit of 

53 the use of biomarkers in solid tumor as tools for customizing immunotherapy to identify 

54 what further research needs.

55  An in-depth search strategy will be applied to two major scientific databases, without 

56 geographic or language restrictions, and conducted by a multidisciplinary team with 

57 expertise in the field.

58  The literature will be carefully assessed for quality using the GRADE (Grading of 

59 Recommendations Assessment, Development and Evaluation) tool.
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60 Introduction

61 In recent years, the pharmaceutical industry has seen a shift from the blockbuster model, in which 

62 drugs are developed for an ideal patient, to a nichebuster model, in which drugs developed 

63 specifically for specific patient groups 1,2. In this context, the combination of biomarkers and drugs 

64 is the subject of growing interest both from regulators, physicians and companies 3-7. 

65 The US Food and Drug Administration (FDA) publishes and updates a list of drugs for which it is 

66 suggested or mandatory to associate a genetic-molecular test 8. The importance of predictive 

67 biomarkers is related to optimizing patient benefits, reducing the risk of toxicity and leading 

68 combined approaches 9. Particularly, for some drugs the test result defines whether or not to 

69 administer, for others it establishes the most appropriate dosage of therapy. 

70 Only in 29% of cases (48 combinations) the use of the biomarker has an impact on the doctor's 

71 choice to prescribe or not prescribe a specific drug 10. In Italy, 34 of the 48 combinations are 

72 approved for use and of these, about 80% find application in oncology particularly for solid tumors 

73 treatment 10. The clinical development of checkpoint inhibitor-based immunotherapy has ushered 

74 in an exciting era of anticancer therapy. The importance of predictive biomarkers is related to the 

75 optimization of benefits in patients treated with immunotherapy, by reducing the risk of toxicity 

76 and leading combined approaches. Durable responses have been observed in patients with various 

77 malignant neoplasms 11.

78 This study protocol is part of a funded Italian National Research Project based on the hypothesis 

79 that the identification of predictive biomarkers can improve the understanding of the mechanisms 

80 underlying the complex interactions between the immune system and cancer, and can help 

81 clinicians optimize therapy with monoclonal anti-PD-1 and anti-PD-L1 antibodies. Hence, among 

82 the already known biomarkers, the overexpression of PD-L1 is an important and widely explored 

83 predictive biomarker for the response to PD-1/PD-L1 antibodies 4,12. Direct assessment of PD-L1 

Page 5 of 23

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on A
pril 19, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2020-048141 on 8 S

eptem
ber 2021. D

ow
nloaded from

 

http://bmjopen.bmj.com/


For peer review only

5

84 expression on tumor cells is a logical biomarker for the prediction of treatment response to anti-

85 PD-1 or anti-PD-L1 therapies 13,14. The use of PD-1 and PDL-1 as predictive biomarkers can help 

86 target therapy in some solid tumors, including renal and non-small cell lung cancer (NSCLC) 15-17. 

87 Nivolumab and pembrolizumab (two PD-1 inhibitors) and an PD-L1 inhibitor, atezolizumab, have 

88 been approved by the Italian Medicines Agency (AIFA), for the treatment of patients with NSCLC 18-

89 20.

90 A targeted approach to treatment using predictive biomarkers has the potential not only to 

91 maximize clinical benefit, but also to improve cost-effectiveness and reduce the economic burden 

92 of the disease 21. As the global impact of these types of cancers continues to grow, the 

93 implementation of new and more effective therapies becomes important but also overly 

94 expensive 22. Therefore, the analysis of the cost-effectiveness and economic impact of the use of 

95 biomarkers upstream of the choice of the specific therapy represents an imperative to validate its 

96 effectiveness, the eventual relationship with the quality of life and patient reported outcomes 

97 (PROMs), and sustainability 23. However, there is no existing peer-reviewed or published synthesis 

98 assessing the impact in terms of cost-effectiveness and quality of life of predictive biomarkers use 

99 in oncological treatment.

100 This is the protocol of a systematic review aimed to describe and synthetize available literature 

101 evidences about the cost-effectiveness, cost-utility or net-monetary benefit of the use of 

102 biomarkers in solid tumor as tools for customizing immunotherapy to identify what further 

103 research needs.

104 Methods and Analysis

105 Information sources

106 A systematic review of the literature will be carried out according to the PRISMA (Preferred 

107 Reporting Items for Systematic reviews and Meta-Analyses) statement guidelines 24. For the 
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108 present review, the identification of relevant studies will be achieved by searching electronic 

109 databases of the published literature, which will include the following: Medical Literature Analysis 

110 and Retrieval System Online (via PubMed/MEDLINE) and Embase (via Ovid), queried from June 

111 2010 to June 2020.

112 Search strategy

113 First, the search strategy will be developed and completed in PubMed, and then the same strategy 

114 will be applied to Embase. More in detail, the search strategy will combine headings and keywords 

115 identifying according to the PICO Model. They will be searched as Mesh Term (PubMed) or Emtree 

116 (Embase) and in title and abstract (antibodies, immunotherapy, nivolumab, durvalumab, 

117 avelumab, atezolizumab, nivolumab, pembrolizumab, neoplasms, cancer, carcinoma, biomarkers, 

118 PD-1, programmed death 1, PD-L1, programmed death ligand 1, IL-6, interleukin-6; cost benefit 

119 analysis; cost effectiveness; cost utility; economic evaluation; quality of life). The Boolean 

120 operators used will be AND/OR. The full search strategy that will be used is reported in Table 1. 

121 More in detail, the search syntax for the two databases are presented in the online Supplementary 

122 Appendix 1. 

123 Elegibility criteria 

124 The inclusion criteria are based on compliance with the PICO. Particularly, we will identify: 

125 - the patients target (P) will be with solid tumors treated with immunotherapy; 

126 - the interventions (I) will be related to the use of predictive biomarkers before the choice 

127 of therapeutic approach; 

128 - the comparator (C) will be any other strategies; 

129 - the outcomes (O) will be expressed in terms of cost-effectiveness, cost-utility, net-

130 monetary benefit, life years gained and quality of life.
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131 All studies responding to the PICO will be included in the research.  Hence, peer-reviewed original 

132 articles, published between June 2010 to June 2020, will be included. Particularly, all studies about 

133 health economics evaluation performed within clinical trials or observational studies related to 

134 biomarkers use published will be included (inclusion criteria).

135 On the other hand, conference proceedings, rationale and/or design, letters, editorials, 

136 commentaries, case reports, case study, case series, review, consensus, guidelines, expert 

137 opinions will be not included (exclusion criteria). Any identified literature reviews will be used as a 

138 source for finding additional articles not present in our dataset. Moreover, no language restriction 

139 will be applied to the research, but, fundamental to the eligibility of the study will be the 

140 availability of the papers’ full text published in English.

141 Selection and data process 

142 The references will be collected using the software program Reference Manager, ver. 12 (Institute 

143 for Scientific Information, Berkeley, CA). All references will be screened for relevance and, those 

144 potentially eligible will be assessed, according the inclusion/exclusion criteria, accepted or 

145 rejected, as appropriate. 

146 Four researchers will screen titles and abstract to discard irrelevant ones in the first screening 

147 phase, then they will assess full texts for eligibility defining which references to include in the 

148 qualitative analysis. The references obtained will be validated by expert researchers in the fields of 

149 pharmacology, immunotherapy, pharmacovigilance, pharmacoeconomic. Reference lists from 

150 included records will be also screened to identify additional papers. Full texts of relevant studies 

151 will be retrieved and reviewed for eligibility in accordance with the inclusion criteria. 

152 From each reference included in the qualitative analysis information which will be extracted in an 

153 Excel file are reported in Table 2. Finally, the quality of the evidence was graded according to 
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154 GRADE (Grading of Recommendations Assessment, Development and Evaluation) system 25, 

155 assessing heterogeneity, consistency and risk of bias. Quality of evidence and recommendation for 

156 All studies and their individual elements will be graded in terms of adequacy of the study 

157 regarding the research question, risk of selection bias, measurement of exposure and assessment 

158 of outcomes. Disagreements will be resolved by third reviewers.

159 Study registration

160 The study is prospectively registered in PROSPERO, the International Prospective Register of 

161 Systematic Reviews (CRD42020201549).

162 Ethics and dissemination

163 This review will systematically describe the extent of available evidences investigating the 

164 predictive biomarkers used in immunotherapy and their health-economic impact. The use of 

165 biomarkers to monitor the clinical outcome of patients treated with immune check-point 

166 inhibitors may help to reduce the incidence of adverse events related to the immune system thus 

167 also improving quality of life. Furthermore, from the pharmaco-economic evaluations already 

168 conducted on these immune biomarkers we expect to find that their use is associated with better 

169 cost/effectiveness (or cost-utility, net-monetary benefit) ratio due to their improved ability to 

170 predict clinical outcome and to redirect non-reactive patients towards alternative and more 

171 effective and cost/effective therapeutic approaches.

172 Accordingly, main strength of the present work will consist in having an overview on what is 

173 already know on blood-based immune biomarkers use to realize treatment personalization of 

174 cancer patients. Also, we will try to gather considerations about the diffusion of their real use 

175 through economic evaluations that report their outcomes in terms of cost effectiveness ratio or 

176 cost utility ratio and patients' health related quality of life.
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177 Other systematic reviews on biomarkers were already published evaluating cost-related aspects 

178 but they are specifically focused on a cancer condition and the pertaining biomarker 26-29. To the 

179 best of our knowledge this is the first systematic review published broadly exploring the health-

180 economic impact of biomarkers.

181 A potential limitation relates to the heterogeneity associated to the study conducted on 

182 biomarkers. Accordingly, between-study heterogeneity may not support the conduct of 

183 quantitative meta-analysis. 

184 Results of the systematic review will be published in a peer-reviewed journal and disseminated at 

185 a range of health research conferences. The systematic review is part of a larger project funded by 

186 PRIN 2017 whose aims include the identification of biomarkers able to predict 

187 immunotherapeutic-related adverse drug reactions and the potential cost-effectiveness and 

188 quality of life of personalized therapies based on advanced tools.

189 Finally, this systematic review will assess the cost effectiveness implications of using blood-based 

190 biomarkers is in the immunotherapy, which may help to understand whether or not this approach 

191 is widespread in real clinical practice and how the customization of therapy, can actually affect a 

192 decrease in costs for the health care systems.

193
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292 Tables

293 Table 1. Search strategy

Query Keywords (MeshTerms/Emtree OR Title and Abstract)

#1 Antibodies, monoclonal 

#2 Immunotherapy 

#3

(nivolumab/ipilimumab[Title/Abstract]) OR ipilimumab[Title/Abstract]) OR 
durvalumab[Title/Abstract]) OR atezolizumab[Title/Abstract]) OR nivolumab[Title/Abstract]) OR 
pembrolizumab[Title/Abstract]) OR "Ipilimumab"[Mesh]) OR "durvalumab" [Supplementary 
Concept]) OR "avelumab" [Supplementary Concept]) OR "atezolizumab" [Supplementary 
Concept]) OR "Nivolumab"[Mesh]) OR "pembrolizumab" [Supplementary Concept]

#4 Neoplasms

#5 Cancer

#6 Carcinoma 

#7 Biomarkers OR PD1 OR Programmed Death 1 OR PD-L1 OR Programmed Death Ligand 1 OR IL-6 
OR Interleukin-6 

#8 Cost benefit analysis 

#9 Cost effectiveness 

#10 Cost utility 

#11 Economic evaluation 

#12 Quality of life 

#13 1 AND 2 AND 3

#14 4 OR 5 OR 6 

#15 8 OR 9 OR 10 OR 11 OR 12

#16 13 AND 14

#17 16 AND 7

#18 17 AND 15 
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295 Table 2. Data extraction and analysis process

Data extraction Description

Reference All paper identification details

Year Year of publication of the paper

Study design In the case of economic evaluations, specific technique used and source of the clinical 
data, e.g. RCT, expert panel

Analysis perspective National health service, society, government, patient

Type of costs Direct healthcare costs, direct non-health costs, indirect costs, intangible costs

Reference year of costs Specific year of reference of costs if reported

Patient Diagnosis Type of solid tumor studied

Patient (P) Solid tumors treated with immunotherapy

Intervention (I) The use of predictive biomarkers before the choice of therapeutic approach

Comparator (C) Any other strategies

Outcomes (O) Cost-effectiveness, cost-utility, net-monetary benefit, life years gained (LYG) and quality 
of life (QALY)

296
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Appendix 1

Search syntax in different databases

PubMed

((((((Antibodies, monoclonal[MeSH Terms]) OR (Antibodies, monoclonal[Title/Abstract])) AND

((immunotherapy[MeSH Terms]) OR (immunotherapy[Title/Abstract]))) AND

((nivolumab/ipilimumab[Title/Abstract]) OR ipilimumab[Title/Abstract]) OR

durvalumab[Title/Abstract]) OR atezolizumab[Title/Abstract]) OR nivolumab[Title/Abstract]) OR

pembrolizumab[Title/Abstract]) OR "Ipilimumab"[Mesh]) OR "durvalumab" [Supplementary

Concept]) OR "avelumab" [Supplementary Concept]) OR "atezolizumab" [Supplementary

Concept]) OR "Nivolumab"[Mesh]) OR "pembrolizumab" [Supplementary Concept])) AND

((((cancer[Title/Abstract]) OR (cancer[MeSH Terms])) OR ((carcinoma[Title/Abstract]) OR

(carcinoma[MeSH Terms]))) OR ((neoplasm[Title/Abstract]) OR (neoplasm[MeSH Terms])))) AND

(((((((((((PD1[Title/Abstract]) OR (PD1[MeSH Terms])) OR (Programmed Death 1[MeSH Terms])) OR

(Programmed Death 1[Title/Abstract])) OR (PD-L1[Title/Abstract])) OR (PD-L1[MeSH Terms])) OR

(Programmed Death Ligand 1[MeSH Terms])) OR (Programmed Death Ligand 1[Title/Abstract])) OR

(IL-6[Title/Abstract])) OR (IL-6[MeSH Terms])) OR ((biomarker[Title/Abstract]) OR

(biomarker[MeSH Terms])))) AND ((((((cost benefit analysis[Title/Abstract]) OR (cost benefit

analysis[MeSH Terms])) OR ((cost effectiveness[MeSH Terms]) OR (cost

effectiveness[Title/Abstract]))) OR ((cost utility[Title/Abstract]) OR (cost utility[MeSH Terms]))) OR

((economic evaluation[Title/Abstract]) OR (economic evaluation[MeSH Terms]))) OR ((quality of

life[Title/Abstract]) OR (quality of life[MeSH Terms]))) Sort by: Publication Date
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Embase

(('cost benefit analysis':ti,ab,kw OR 'cost benefit analysis'/exp) AND [embase]/lim OR (('cost

effectiveness':ti,ab,kw OR 'cost effectiveness'/exp) AND [embase]/lim) OR (('cost utility':ti,ab,kw

OR 'cost utility'/exp) AND [embase]/lim) OR (('economic evaluation':ti,ab,kw OR 'economic

evaluation'/exp) AND [embase]/lim) OR (('quality of life':ti,ab,kw OR 'quality of life'/exp) AND

[embase]/lim)) AND ('biomarkers':ti,ab,kw OR 'biomarkers'/exp OR 'pd1':ti,ab,kw OR 'pd1'/exp OR

'programmed death 1':ti,ab,kw OR 'programmed death 1'/exp OR 'pd-l1':ti,ab,kw OR 'pd-l1' OR

'programmed death ligand 1':ti,ab,kw OR 'programmed death ligand 1'/exp OR 'il-6':ti,ab,kw OR 'il-

6'/exp OR 'interleukin-6':ti,ab,kw OR 'interleukin-6'/exp) AND ('antibodies monoclonal':ti,ab,kw OR

'antibodies monoclonal'/exp) AND ('immunotherapy':ti,ab,kw OR 'immunotherapy'/exp) AND

('pembrolizumab':ti,ab,kw OR 'nivolumab/ipilimumab' OR 'ipilimumab' OR 'durvalumab' OR

'avelumab' OR 'atezolizumab' OR 'nivolumab' OR 'pembrolizumab'/exp) AND [embase]/lim AND

(('neoplasms':ti,ab,kw OR 'neoplasms'/exp) AND [embase]/lim OR (('cancer':ti,ab,kw OR

'cancer'/exp) AND [embase]/lim) OR (('carcinoma':ti,ab,kw OR 'carcinoma'/exp) AND

[embase]/lim))
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Reporting checklist for protocol of a systematic 
review.

Based on the PRISMA-P guidelines.

Instructions to authors

Complete this checklist by entering the page numbers from your manuscript where readers will find 

each of the items listed below.

Your article may not currently address all the items on the checklist. Please modify your text to 

include the missing information. If you are certain that an item does not apply, please write "n/a" and 

provide a short explanation.

Upload your completed checklist as an extra file when you submit to a journal.

In your methods section, say that you used the PRISMA-Preporting guidelines, and cite them as:

Moher D, Shamseer L, Clarke M, Ghersi D, Liberati A, Petticrew M, Shekelle P, Stewart LA. Preferred 

Reporting Items for Systematic Review and Meta-Analysis Protocols (PRISMA-P) 2015 statement. 

Syst Rev. 2015;4(1):1.

Reporting Item

Page 

Number

Title

Identification #1a Identify the report as a protocol of a systematic review 1

Update #1b If the protocol is for an update of a previous systematic 

review, identify as such

1
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Registration

#2 If registered, provide the name of the registry (such as 

PROSPERO) and registration number

2

Authors

Contact #3a Provide name, institutional affiliation, e-mail address of all 

protocol authors; provide physical mailing address of 

corresponding author

1

Contribution #3b Describe contributions of protocol authors and identify the 

guarantor of the review

9

Amendments

#4 If the protocol represents an amendment of a previously 

completed or published protocol, identify as such and list 

changes; otherwise, state plan for documenting important 

protocol amendments

5-6

Support

Sources #5a Indicate sources of financial or other support for the review 10

Sponsor #5b Provide name for the review funder and / or sponsor 10

Role of sponsor or 

funder

#5c Describe roles of funder(s), sponsor(s), and / or 

institution(s), if any, in developing the protocol

10

Introduction
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Rationale #6 Describe the rationale for the review in the context of what is 

already known

4-5

Objectives #7 Provide an explicit statement of the question(s) the review 

will address with reference to participants, interventions, 

comparators, and outcomes (PICO)

5

Methods

Eligibility criteria #8 Specify the study characteristics (such as PICO, study 

design, setting, time frame) and report characteristics (such 

as years considered, language, publication status) to be 

used as criteria for eligibility for the review

6-7

Information 

sources

#9 Describe all intended information sources (such as 

electronic databases, contact with study authors, trial 

registers or other grey literature sources) with planned dates 

of coverage

5-6

Search strategy #10 Present draft of search strategy to be used for at least one 

electronic database, including planned limits, such that it 

could be repeated

6

Study records - 

data management

#11a Describe the mechanism(s) that will be used to manage 

records and data throughout the review

7-8

Study records - 

selection process

#11b State the process that will be used for selecting studies 

(such as two independent reviewers) through each phase of 

the review (that is, screening, eligibility and inclusion in 

meta-analysis)

7-8
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Study records - 

data collection 

process

#11c Describe planned method of extracting data from reports 

(such as piloting forms, done independently, in duplicate), 

any processes for obtaining and confirming data from 

investigators

7-8

Data items #12 List and define all variables for which data will be sought 

(such as PICO items, funding sources), any pre-planned 

data assumptions and simplifications

6-7

Outcomes and 

prioritization

#13 List and define all outcomes for which data will be sought, 

including prioritization of main and additional outcomes, with 

rationale

6-7

Risk of bias in 

individual studies

#14 Describe anticipated methods for assessing risk of bias of 

individual studies, including whether this will be done at the 

outcome or study level, or both; state how this information 

will be used in data synthesis

7-8

Data synthesis #15a Describe criteria under which study data will be 

quantitatively synthesised

7-8

Data synthesis #15b If data are appropriate for quantitative synthesis, describe 

planned summary measures, methods of handling data and 

methods of combining data from studies, including any 

planned exploration of consistency (such as I2, Kendall’s τ)

7-8

Data synthesis #15c Describe any proposed additional analyses (such as 

sensitivity or subgroup analyses, meta-regression)

7-8
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Data synthesis #15d If quantitative synthesis is not appropriate, describe the type 

of summary planned

7-8

Meta-bias(es) #16 Specify any planned assessment of meta-bias(es) (such as 

publication bias across studies, selective reporting within 

studies)

7-8

Confidence in 

cumulative 

evidence

#17 Describe how the strength of the body of evidence will be 

assessed (such as GRADE)

7-8

The PRISMA-P checklist is distributed under the terms of the Creative Commons Attribution License 

CC-BY 4.0. This checklist was completed on 17. December 2020 using https://www.goodreports.org/, 

a tool made by the EQUATOR Network in collaboration with Penelope.ai
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25 ABSTRACT

26 Introduction: The combination of biomarkers and drugs is the subject of growing interest both 

27 from regulators, physicians and companies. This study protocol of a systematic review is aimed to 

28 describe available literature evidences about the cost-effectiveness, cost-utility or net-monetary 

29 benefit of the use of biomarkers in solid tumour as tools for customizing immunotherapy to 

30 identify what further research needs.

31 Methods and analysis: A systematic review of the literature will be carried out according to the 

32 PRISMA statement guidelines. PubMed and Embase will be queried from June 2010 to June 2021. 

33 The PICOS Model will be applied: target population (P) will be patients with solid tumors treated 

34 with immune checkpoint inhibitors (ICIs); the interventions (I) will be test of the immune 

35 checkpoint predictive biomarkers; the comparator (C) will be any other targeted or non-targeted 

36 therapy; outcomes evaluated will be health economic and clinical implications assessed in terms of 

37 incremental cost-effectiveness ratio (ICERs), net health benefit, net monetary benefit, life years 

38 gained (LYG) , quality of life (QALY), etc. (O); study (S) considered will be economic evaluations 

39 reporting cost-effectiveness analysis, cost-utility analysis, net-monetary benefit. The quality of the 

40 evidence will be graded according to GRADE (Grading of Recommendations Assessment, 

41 Development and Evaluation).

42 Ethics and dissemination: This systematic review will assess the cost effectiveness implications of 

43 using biomarkers in the immunotherapy with ICIs, which may help to understand whether this 

44 approach is widespread in real clinical practice. This research is exempt from ethics approval 

45 because the work is carried out on published documents. We will disseminate this protocol in a 

46 related peer-reviewed journal.

47 PROSPERO registration number: CRD42020201549
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48 ARTICLE SUMMARY

49 Strengths and limitations of this study

50  The use of predictive biomarkers in the therapy with immune checkpoint inhibitors can 

51 help target therapy in some solid tumors, hence, the combination of biomarkers and drugs 

52 is the subject of growing interest both from regulators, physicians and companies.

53  This is the first systematic review which will specifically describe available literature 

54 evidences about the cost-effectiveness, cost-utility or net-monetary benefit of the use of 

55 biomarkers in solid tumor as tools for customizing immunotherapy to identify what further 

56 research needs.

57  An in-depth search strategy will be applied to two major scientific databases, without 

58 geographic and conducted by a multidisciplinary team with expertise in the field.

59  The quality of studies included and related level of evidence will be assessed quality using 

60 the Consolidated Health Economic Evaluation Reporting Standard (CHEERS) checklist and 

61 the Grading of Recommendations Assessment, Development and Evaluation (GRADE) tool.
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62 Introduction

63 In recent years, the pharmaceutical industry has seen a shift from the blockbuster model, in which 

64 drugs are developed for an ideal patient, to a nichebuster model, in which drugs developed 

65 specifically for specific patient groups 1,2. In this context, the combination of biomarkers and drugs 

66 is the subject of growing interest both from regulators, physicians and companies 3-7. 

67 The US Food and Drug Administration (FDA) regularly publishes and updates a list of drugs for 

68 which it is suggested or mandatory to associate a genetic-molecular test 8. The importance of 

69 predictive biomarkers is related to optimizing patient benefits, reducing the risk of toxicity and 

70 leading combined approaches 9. Particularly, for some drugs the test result defines whether or not 

71 to administer, for others it establishes the most appropriate dosage of therapy. Among the 166 

72 biomarker-drug combinations reported by the FDA, in only 29% (48 combinations) of cases, results 

73 obtained from biomarker test have an impact on the physician's choice to prescribe or not 

74 prescribe a particular drug. 10. In Italy, 34 of those 48 combinations are approved for use and 

75 among these, about 80% find application in oncology particularly for solid tumors treatment 10. 

76 The clinical development of checkpoint inhibitor-based immunotherapy has ushered in an exciting 

77 era of anticancer therapy. Since the FDA approval of ipilimumab (human IgG1 k anti-CTLA-4 

78 monoclonal antibody) in 2011, six more immune checkpoint inhibitors (ICIs) have been approved 

79 for cancer therapy. Programmed Death-1 (PD-1) inhibitors nivolumab, pembrolizumab, 

80 cemiplimab and Programmed Death Ligand-1 (PDL-1) inhibitors atezolizumab, avelumab, and 

81 durvalumab are in the current list of the approved agents in addition to ipilimumab 11. The 

82 importance of predictive biomarkers is related to the optimization of benefits in patients treated 

83 with immunotherapy, by reducing the risk of toxicity and leading combined approaches. Durable 

84 responses have been observed in patients with various malignant neoplasms 12.
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85 This study protocol is part of a funded Italian National Research Project based on the hypothesis 

86 that the identification of predictive biomarkers can improve the understanding of the mechanisms 

87 underlying the complex interactions between the immune system and cancer thus guiding 

88 clinicians to optimize therapy with monoclonal anti-PD-1 and anti-PD-L1 antibodies. Hence, among 

89 the already known biomarkers, the overexpression of PD-L1 is an important and widely explored 

90 predictive biomarker for the response to PD-1/PD-L1 antibodies 4,13. Direct assessment of PD-L1 

91 expression on tumor cells is a logical biomarker for the prediction of treatment response to anti-

92 PD-1 or anti-PD-L1 therapies 14,15. The use of PD-1 and PDL-1 as predictive biomarkers can help 

93 target therapy in some solid tumors, including renal and non-small cell lung cancer (NSCLC) 16-18. 

94 Nivolumab and pembrolizumab and an PD-L1 inhibitor, atezolizumab, have also been approved by 

95 the Italian Medicines Agency (AIFA), for the treatment of patients with NSCLC 19-21.

96 A targeted approach to treatment using predictive biomarkers has the potential not only to 

97 maximize clinical benefit in respect to not-targeted therapy, but also to improve cost-effectiveness 

98 and reduce the economic burden of the disease 22. As the global impact of these types of cancers 

99 continues to grow, the implementation of new and more effective therapies becomes important 

100 but also overly expensive 23. Therefore, the analysis of the cost-effectiveness and economic impact 

101 of the use of biomarkers upstream of the choice of the specific therapy represents an imperative 

102 to validate its effectiveness, the eventual relationship with the quality of life, patient reported 

103 outcomes (PROMs), and sustainability 24. However, there is no existing peer-reviewed or published 

104 synthesis summarizing the impact of predictive biomarkers use in oncological treatment in health-

105 economics terms.

106 This is the protocol of a systematic review aimed at describing available literature about the cost-

107 effectiveness, cost-utility or net-monetary benefit of the use of predictive biomarkers in solid 

108 tumor treated with ICIs as tools for customizing immunotherapy; the final goal of the study is to 
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109 help decision-makers and clinicians identify the most effective and sustainable options and 

110 identify further research needs.

111 Methods and Analysis

112 The PRISMA-P 2015 (Preferred Reporting Items for Systematic Review and Meta-Analysis 

113 Protocols) checklist was used to develop the present study protocol. Modifications in the item 

114 sequencies were done where appropriate 25. 

115 Information sources

116 A systematic review of the literature will be carried out according to the PRISMA 2020 (Preferred 

117 Reporting Items for Systematic reviews and Meta-Analyses) statement guidelines 26. For the 

118 present review, the identification of relevant studies will be achieved by searching electronic 

119 databases of the published literature. In details Medical Literature Analysis and Retrieval System 

120 Online (via PubMed/MEDLINE) and Embase (via Ovid) were queried from June 2010 to June 2021.

121 Search strategy

122 First, the search strategy will be developed and completed in PubMed, and then the same strategy 

123 will be applied to Embase. The search strategy was developed according to the PICOS model and 

124 based on the existing literature and finally revised by clinicians. More in detail, the search strategy 

125 will combine headings and keywords listed in Table 1 answering each questions of the PICOS 

126 Model. Those terms combined with boolean operators AND/OR will be searched both as Mesh 

127 Term (PubMed) or Emtree (Embase) both in title and abstract. The full search strategy that will be 

128 used is reported in Table 1. More in detail, the search syntax for the two databases are presented 

129 in the online Supplementary Appendix 1. 

130 Elegibility criteria 

131 The inclusion criteria are based on compliance with the PICOS. Particularly, we will identify: 
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132 - Patient (P): Patients with solid tumors treated with immune checkpoint inhibitors 

133 (monotherapy or combination therapy): nivolumab, pembrolizumab, ipilimumab, 

134 atezolizumab, durvalumab, avelumab, cemiplimab;

135 - Intervention (I): Test of the immune checkpoint predictive biomarkers, such as PD1, PDL-1 

136 CTLA4, IL-6.

137 - Comparator (C): Any other targeted or non-targeted therapy 

138 - Outcomes (O): health-economic outcomes (Incremental Cost-effectiveness, ICERs, net 

139 health benefit, net monetary benefit, life years,LYs, quality adjusted life years, QALYs, etc.) 

140 will be evaluated between immune checkpoint inhibitors therapy 

141 - Study design (S): health-economic evaluations reporting cost-effectiveness analysis, cost-

142 utility analysis, net-monetary benefit.and conducted within clinical trials or observational 

143 studies.

144 All peer-reviewed original articles about health economics evaluation related to biomarkers use 

145 published between June 2010 to June 2021 and responding to the PICOS will be considered for 

146 inclusion in the study. On the other hand, conference proceedings, rationale and/or study 

147 protocol, letters, editorials, commentaries, case reports, case study, case series, review, 

148 consensus, guidelines, expert opinions and grey literature will be not included (exclusion criteria). 

149 Moreover, language restriction will be applied to the research, as fundamental to the eligibility of 

150 the study will be the availability of the papers’ full text published in English. 

151 Any identified literature reviews will be used as a source for finding additional articles not present 

152 in our dataset. 

153 Inclusion and exclusion criteria are summarized in Table 2.

154 The quality of the economic evaluations that will be included in the study will be assessed through 

155 the CHEERS checklist 27.
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156 Selection and data process 

157 The references will be collected using the software program Reference Manager, ver. 12 (Institute 

158 for Scientific Information, Berkeley, CA). All references will be screened for relevance and, those 

159 potentially eligible will be assessed, according to the inclusion/exclusion criteria, accepted or 

160 rejected, as appropriate. 

161 Four researchers will double screen titles and abstract to discard irrelevant ones in the first 

162 screening phase. Then, full texts of the records selected from the previous step will be retrieved 

163 and double screened to assess the eligibility for the inclusion in the qualitative analysis. Finally, the 

164 references obtained will be validated by clinicians and researchers in the fields of pharmacology, 

165 immunotherapy, pharmacovigilance, pharmacoeconomics. Reference lists from included records 

166 will be also screened to identify additional papers (backward reference searching) as for other 

167 studies citing that paper (forward citation searching). 

168 The type of information that will be extracted from each reference included in the qualitative 

169 analysis and collected into a dedicated file are reported in Table 3. The structure of the table that 

170 will be used to describe results obtained is shown in Appendix 2. Changes to the variables in the 

171 table could be made in the final revision based on the evidence that emerged. Quality of studies 

172 will be assessed using the Cheers checklist and finally, the quality of the evidence will be graded 

173 according to GRADE (Grading of Recommendations Assessment, Development and Evaluation) 

174 system 28, assessing heterogeneity, consistency and risk of bias. 

175 All studies and their individual elements will be graded in terms of adequacy of the study 

176 regarding the research question, risk of selection bias, measurement of exposure and assessment 

177 of outcomes. Disagreements will be resolved by third reviewers.

178 Study registration
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179 The study is prospectively registered in PROSPERO, the International Prospective Register of 

180 Systematic Reviews (CRD42020201549).

181 Data description

182 This review will systematically describe the extent of available evidences investigating the 

183 predictive biomarkers used in immunotherapy and their health-economic impact. The use of 

184 biomarkers to monitor the clinical outcome of patients treated with immune check-point 

185 inhibitors (ICIs) may help to reduce the incidence of adverse events related to the immune system 

186 thus also improving quality of life. Furthermore, from the pharmaco-economic evaluations already 

187 conducted on these immune biomarkers we expect to find that their use is associated with better 

188 cost-effectiveness (or cost-utility, net-monetary benefit) ratio due to their improved ability to 

189 predict clinical outcome and to redirect non-reactive patients towards alternative and more 

190 effective and cost-effective therapeutic approaches.

191 Accordingly, main strength of the present work will consist in having an overview on what is 

192 already know on immune biomarkers use to guide choice and personalization of treatment for 

193 cancer patients treated with ICIs. Also, we will try to gather considerations about the diffusion of 

194 their real use through economic evaluations that report their outcomes in terms of incremental 

195 cost effectiveness ratio or cost utility ratio and patients' health related quality of life. So, results 

196 expected from the systematic review will strictly depend on the study design used. We aim to 

197 consider the study design such as cost-effectiveness analysis, cost-utility analysis, budget impact 

198 analysis, highlighting first the methodology used in the study and to report for each biomarker 

199 used in cancer patients their cost-effectiveness, willingness to pay (WTP) with the reference 

200 threshold. Appendix 1 shows the hypothetical structure of the data synthesis.      

201 Other systematic reviews on biomarkers were already published evaluating cost-related aspects 

202 but they are specifically focused on a cancer condition and the pertaining biomarker 29-32. 
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203 Particularly, our study differs to that of Oosterhoff et al 29 as they aimed to widely investigate the 

204 methodological characteristics of economic evaluations on biomarkers and examine economic 

205 aspect.  To the best of our knowledge this is the first systematic review published broadly 

206 exploring the health-economic impact of predictive biomarkers specifically used in treatment of 

207 solid tumors with ICIs comparing them with other targeted and non-targeted therapeutic 

208 strategies that do not include the use of the reference biomarker.

209 A potential limitation relates to the heterogeneity associated to the study conducted on 

210 biomarkers. Accordingly, between-study heterogeneity may not support the conduct of 

211 quantitative meta-analysis. Based on the results obtained, any heterogeneity of the studies will be 

212 managed by grouping, if feasible, the included records into different classes such as solid tumor 

213 type (e.g. breast cancer, bladder cancer, cervical cancer, colon cancer, head and neck cancer, 

214 hodgkin lymphoma, liver cancer, lung cancer, renal cell cancer, skin cancer, stomach cancer, rectal 

215 cancer) and study design type (e.g. cost-effectiveness analysis, cost-utility analysis, net-monetary 

216 benefit). The same variables present in Appendix 2 will be evaluated for each group and subgroup. 

217 Patient and Public Involvement 

218 No patients involved.

219

220 Ethics and dissemination 

221 Results of the systematic review will be published in a peer-reviewed journal and disseminated at 

222 a range of health research conferences. The systematic review is part of a larger project funded by 

223 PRIN 2017 whose aims include the identification of biomarkers able to predict 

224 immunotherapeutic-related adverse drug reactions and the potential cost-effectiveness and 

225 quality of life of personalized therapies based on advanced tools.
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226 Finally, this systematic review will assess the cost effectiveness implications of using biomarkers in 

227 in cancer patients treated with ICIs compared to any other target therapy or conventional therapy 

228 without the use of biomarkers. This review may help to understand if this approach may be cost-

229 effective in clinical practice and how the customization of therapy, can actually affect a decrease in 

230 costs for the health care systems.

231

232 Author contributions

233 E.M. designed and conceptualised this review. S.M., V.O., V.L., I.T. drafted the protocol. All authors 

234 were involved in checking various steps of the search strategy, including keywords, as well as the 

235 final version of the protocol. S.M, V.L. and I.T. were involved in the definition of specific criteria for 

236 the extraction of information from studies included and in the development of the strategy for the 

237 qualitative data analysis. M.D.R., A.C., R.D. and G.T. were involved in establishing eligibility criteria 

238 and data extraction forms. G.T. and E.M. supervised all work stages. R.D. was the funding 

239 acquisition supervisor. All authors reviewed and agreed the final version of the manuscript. 

240 Funding

241 This research is funded by Ministero dell'Istruzione dell'Università e della Ricerca (MIUR) in the 

242 framework of the PRIN Project 2017, grant number 2017NR7W5K. 

243

244 Conflicts of interest

245 The authors have no conflicts of interest to declare.

246

Page 12 of 26

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on A
pril 19, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2020-048141 on 8 S

eptem
ber 2021. D

ow
nloaded from

 

http://bmjopen.bmj.com/


For peer review only

12

247 References

248 1. Gibson S, Raziee HR, Lemmens T. Why the Shift? Taking a Closer Look at the Growing Interest 

249 in Niche Markets and Personalized Medicine. World Med Health Policy 2015, 7(1), 3-27. doi: 

250 10.1002/wmh3.131. 

251 2. Collier R. Bye, Bye Blockbusters, Hello Niche Busters. Canadian Medical Association Journal 

252 2011, 183(11), E697–98. 

253 3. Kather JN, Halama N, Jaeger D. Genomics and emerging biomarkers for immunotherapy of 

254 colorectal cancer. Semin Cancer Biol 2018, 52(Pt 2), 189-197. doi: 

255 10.1016/j.semcancer.2018.02.010. 

256 4. Del Re M, van Schaik RHN, Fogli S, Mathijssen RHJ, Cucchiara F, Capuano A, Scavone C, Jenster 

257 GW, Danesi R. Blood-based PD-L1 analysis in tumor-derived extracellular vesicles: Applications 

258 for optimal use of anti-PD-1/PD-L1 axis inhibitors. Biochim Biophys Acta Rev Cancer 2020, 

259 1875(1), 188463. doi: 10.1016/j.bbcan.2020.188463. 

260 5. Emens LA. Breast Cancer Immunotherapy: Facts and Hopes. Clin Cancer Res. 2018, 24(3), 511-

261 520. doi: 10.1158/1078-0432.CCR-16-3001. 

262 6. Aggen DH, Drake CG. Biomarkers for immunotherapy in bladder cancer: a moving target. J 

263 Immunother Cancer 2017, 5(1), 94. doi: 10.1186/s40425-017-0299-1.

264 7. Otter SJ, Chatterjee J, Stewart AJ, Michael A. The Role of Biomarkers for the Prediction of 

265 Response to Checkpoint Immunotherapy and the Rationale for the Use of Checkpoint 

266 Immunotherapy in Cervical Cancer. Clin Oncol (R Coll Radiol) 2019, 31(12), 834-843. doi: 

267 10.1016/j.clon.2019.07.003. 

268 8. Food and Drug Administration (FDA). Table of Pharmacogenomic Biomarkers in Drug Labeling; 

269 Available from: https://www.fda.gov/drugs/science-and-research-drugs/table-

270 pharmacogenomic-biomarkers-drug-labeling (accessed on 13 July 2020)

Page 13 of 26

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on A
pril 19, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2020-048141 on 8 S

eptem
ber 2021. D

ow
nloaded from

 

http://bmjopen.bmj.com/


For peer review only

13

271 9. Darvin P, Toor SM, Sasidharan Nair V, Elkord E. Immune checkpoint inhibitors: recent progress 

272 and potential biomarkers. Exp Mol Med 2018, 50(12), 1-11. doi: 10.1038/s12276-018-0191-1. 

273 10. Cavazza M, Compagni A, Jommi C, Sommariva S. I farmaci oncologici associati a test genetico-

274 molecolari: le nuove dinamiche nella prospettiva di imprese, regolatori e oncologi. 2015; 

275 Available from: https://www.unibocconi.it/wps/wcm/connect/313d080c-8ad8-4130-b60c-

276 b7a1b1b1dce1/Monografia_AIOM.pdf?MOD=AJPERES (accessed on: 9 July 2020)

277 11. Vaddepally RK, Kharel P, Pandey R, Garje R, Chandra AB. Review of Indications of FDA-

278 Approved Immune Checkpoint Inhibitors per NCCN Guidelines with the Level of Evidence. 

279 Cancers (Basel) 2020 Mar 20, 12(3):738. doi: 10.3390/cancers12030738.

280 12. Gibney GT, Weiner LM, Atkins MB. Predictive biomarkers for checkpoint inhibitor-based 

281 immunotherapy. Lancet Oncol 2016, 17(12), e542-e551. doi:10.1016/S1470-2045(16)30406-5.

282 13. Patel SP, Kurzrock R. PD-L1 Expression as a Predictive Biomarker in Cancer Immunotherapy. 

283 Mol Cancer Ther 2015, 14(4), 847-56. doi: 10.1158/1535-7163.MCT-14-0983. 

284 14. Gnjatic S, Bronte V, Brunet LR, et al. Identifying baseline immune-related biomarkers to predict 

285 clinical outcome of immunotherapy. J Immunother Cancer 2017, 5, 44. doi:10.1186/s40425-

286 017-0243-4.

287 15. Teng F, Meng X, Kong L, Yu J. Progress and challenges of predictive biomarkers of anti PD-

288 1/PD-L1 immunotherapy: A systematic review. Cancer Lett 2018, 414:166-173. 

289 doi:10.1016/j.canlet.2017.11.014.

290 16. Brahmer JR, Tykodi SS, Chow LQ, et al. Safety and activity of anti-PD-L1 antibody in patients 

291 with advanced cancer. N Engl J Med 2012, 366(26), 2455-65. doi: 10.1056/NEJMoa1200694. 

292 17. Wu X, Gu Z, Chen Y, Chen B, Chen W, Weng L, Liu X. Application of PD-1 Blockade in Cancer 

293 Immunotherapy. Comput Struct Biotechnol J 2019, 17, 661-674. doi: 

294 10.1016/j.csbj.2019.03.006. 

Page 14 of 26

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on A
pril 19, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2020-048141 on 8 S

eptem
ber 2021. D

ow
nloaded from

 

http://bmjopen.bmj.com/


For peer review only

14

295 18. Ohaegbulam KC, Assal A, Lazar-Molnar E, Yao Y, Zang X. Human cancer immunotherapy with 

296 antibodies to the PD-1 and PD-L1 pathway. Trends Mol Med 2015, 21(1), 24-33. doi: 

297 10.1016/j.molmed.2014.10.009. 

298 19. Italian Medicines Agency (AIFA). Banca Dati AIFA. Available from: 

299 https://farmaci.agenziafarmaco.gov.it/bancadatifarmaci/cerca-per-principio-

300 attivo?princ_att=Nivolumab (accessed on 9th December 2020).

301 20. Italian Medicines Agency (AIFA). Banca Dati AIFA. Available from: 

302 https://farmaci.agenziafarmaco.gov.it/bancadatifarmaci/cerca-per-principio-

303 attivo?princ_att=Pembrolizumab (accessed on 9th December 2020).

304 21. Italian Medicines Agency (AIFA). Banca Dati AIFA. Available from: 

305 https://farmaci.agenziafarmaco.gov.it/bancadatifarmaci/cerca-per-principio-

306 attivo?princ_att=Atezolizumab (accessed on 9th December 2020). 

307 22. Aguiar PN, Perry LA, Penny-Dimri J, et al. The effect of PD-L1 testing on the cost-effectiveness 

308 and economic impact of immune checkpoint inhibitors for the second-line treatment of NSCLC 

309 [published correction appears in Ann Oncol. 2018 Apr 1;29(4):1078]. Ann Oncol 2017, 28(9), 

310 2256-2263. doi:10.1093/annonc/mdx305.

311 23. Tartari F, Santoni M, Burattini L, Mazzanti P, Onofri A, Berardi R. Economic sustainability of 

312 anti-PD-1 agents nivolumab and pembrolizumab in cancer patients: Recent insights and future 

313 challenges. Cancer Treat Rev 2016, 48, 20-24. doi:10.1016/j.ctrv.2016.06.002.

314 24. Georgieva M, da Silveira Nogueira Lima JP, Aguiar P, de Lima Lopes G, Haaland B. Cost-

315 effectiveness of pembrolizumab as first-line therapy for advanced non-small cell lung cancer. 

316 Lung Cancer 2018, 124:248-254. doi: 10.1016/j.lungcan.2018.08.018. 

317 25. Moher D, Shamseer L, Clarke M, Ghersi D, Liberati A, Petticrew M, Shekelle P, Stewart LA. 

318 Preferred Reporting Items for Systematic Review and Meta-Analysis Protocols (PRISMA-P) 

Page 15 of 26

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on A
pril 19, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2020-048141 on 8 S

eptem
ber 2021. D

ow
nloaded from

 

http://bmjopen.bmj.com/


For peer review only

15

319 2015 statement. Syst Rev 2015, 4(1), 1. doi: 10.1186/2046-4053-4-1.

320 26. Page MJ, McKenzie JE, Bossuyt PM, et al. The PRISMA 2020 statement: An updated guideline 

321 for reporting systematic reviews. J Clin Epidemiol 2021, 134:178-189. doi: 

322 10.1016/j.jclinepi.2021.03.001. 

323 27. Husereau D, Drummond M, Petrou S, et al. Consolidated health economic evaluation reporting 

324 standards (CHEERS)—explanation and elaboration: a report of the ISPOR Health Economic 

325 Evaluations Publication Guidelines Good Reporting Practices Task Force. Value Health. 

326 2013;16(2):231-250.

327 28. Balshem H, Helfand M, Schünemann HJ, et al. Grade guidelines: 3. rating the quality of 

328 evidence. J Clin Epidemiol 2011;64:401–6. 

329 29. Oosterhoff M, van der Maas ME, Steuten LM. A Systematic Review of Health Economic 

330 Evaluations of Diagnostic Biomarkers. Appl Health Econ Health Policy 2016, 14(1), 51-65. 

331 doi:10.1007/s40258-015-0198-x.

332 30. Klein SJ, Brandtner AK, Lehner GF, et al. Biomarkers for prediction of renal replacement 

333 therapy in acute kidney injury: a systematic review and meta-analysis. Intensive Care Med 

334 2018, 44(3), 323-336. doi:10.1007/s00134-018-5126-8.

335 31. Seo MK, Cairns J. Do cancer biomarkers make targeted therapies cost-effective? A systematic 

336 review in metastatic colorectal cancer. PLoS One 2018, 13(9), e0204496. 

337 doi:10.1371/journal.pone.0204496.

338 32. Pathak A, Pandey SP, Madhukar P, et al. Blood Biomarkers for the Differentiation of Cardiac 

339 Ischemic Stroke Subtypes: A Systematic Review. Cardiovasc Hematol Disord Drug Targets 2019, 

340 19(3), 215-227. doi:10.2174/1871529X18666180829142354.

Page 16 of 26

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on A
pril 19, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2020-048141 on 8 S

eptem
ber 2021. D

ow
nloaded from

 

http://bmjopen.bmj.com/


For peer review only

16

341 Tables

342 Table 1. Search strategy

Query Keywords (MeshTerms/Emtree OR Title and Abstract)

#1 Antibodies, monoclonal 

#2 Immunotherapy 

#3

(nivolumab/ipilimumab[Title/Abstract]) OR ipilimumab[Title/Abstract]) OR 
durvalumab[Title/Abstract]) OR atezolizumab[Title/Abstract]) OR nivolumab[Title/Abstract]) OR 
pembrolizumab[Title/Abstract]) OR "Ipilimumab"[Mesh]) OR "durvalumab" [Supplementary 
Concept]) OR "avelumab" [Supplementary Concept]) OR "atezolizumab" [Supplementary 
Concept]) OR "Nivolumab"[Mesh]) OR "pembrolizumab" [Supplementary Concept]

#4 Immune checkpoint inhibitor

#5 Neoplasms

#6 Cancer

#7 Carcinoma 

#8 Tumor OR Toumor

#9 Target therapy OR Chemotherapy

#10 Biomarkers OR PD-1 OR Programmed Death 1 OR PD-L1 OR Programmed Death Ligand 1 OR IL-6 
OR Interleukin-6 OR CTLA-4

#11 Cost benefit analysis 

#12 Cost effectiveness 

#13 Cost utility 

#14 Economic evaluation 

#15 Quality of life 

#16 1 OR 2 OR 3 OR 4

#17 5 OR 6 OR 7 OR 8

#18 11 OR 12 OR 13 OR 14 OR 15

#19 16 AND 17

#20 19 AND 9 AND 10

#21 20 AND 18
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344 Table 2. Synthesis of inclusion and exclusion criteria

Selection Criteria Inclusion Criteria Exclusion Criteria

Language study type English Non-English 

Time limit (years) 2010 – 2021 < 2010

Study design Published and peer-reviewed 
health economi evalutations

Conference proceedings, rationale and/or 
design, letters, editorials, commentaries, 
case reports, case study, case series, review, 
consensus, guidelines, expert opinions, grey 
literature

345
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346 Table 3. Data extraction and analysis process

Data extraction Description

Reference All paper identification details

Publication year Year of publication of the paper

Perspective of the analysis National health service, society, government, patient

Type of costs Direct healthcare costs, direct non-health costs, indirect costs, intangible costs

Reference year of costs Specific year of reference of costs if reported 

Patient Diagnosis

Each status of: breast cancer, bladder cancer, cervical cancer, colon cancer, head and 
neck cancer, hodgkin lymphoma, liver cancer, lung cancer, renal cell cancer (a type 
of kidney cancer), skin cancer, stomach cancer, rectal cancer and any solid tumor that is 
not able to repair errors in its DNA that occur when the DNA is copied.

Patient (P)
Patients with solid tumors treated with immune checkpoint inhibitors (monotherapy or 
combination therapy): nivolumab, pembrolizumab, ipilimumab, atezolizumab, 
durvalumab, avelumab, cemiplimab

Intervention (I) Test of the immune checkpoint predictive biomarkers, such as PD1, PDL-1 CTLA4, IL-6.

Comparator (C) Any other targeted or non-targeted therapy 

Outcomes (O) health-economic outcomes (Incremental cost-effectiveness ratio, ICERs, net health 
benefit, net monetary benefit, LYs, QALYs)  

Study design (S) Health-economic evaluations reporting cost-effectiveness analysis, cost-utility analysis, 
net-monetary benefit 

347
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Appendix 1 

Search syntax in different databases  

PubMed 

((((((Antibodies, monoclonal[MeSH Terms]) OR (Antibodies, monoclonal[Title/Abstract])) OR 

((immunotherapy[MeSH Terms]) OR (immunotherapy[Title/Abstract]))) OR 

((nivolumab/ipilimumab[Title/Abstract]) OR ipilimumab[Title/Abstract]) OR 

durvalumab[Title/Abstract]) OR atezolizumab[Title/Abstract]) OR nivolumab[Title/Abstract]) OR 

pembrolizumab[Title/Abstract]) OR "Ipilimumab"[Mesh]) OR "durvalumab" [Supplementary 

Concept]) OR "avelumab" [Supplementary Concept]) OR "atezolizumab" [Supplementary 

Concept]) OR "Nivolumab"[Mesh]) OR "pembrolizumab" [Supplementary Concept]) OR “immune 

checkpoint inhibitor[Title/Abstract])) AND ((((cancer[Title/Abstract]) OR (cancer[MeSH Terms])) OR 

((carcinoma[Title/Abstract]) OR (carcinoma[MeSH Terms]))) OR ((neoplasm[Title/Abstract]) OR 

(neoplasm[MeSH Terms]))) OR (((tumor[Title/Abstract]) OR (tumor[MeSH Terms])) OR 

((tumour[Title/Abstract]) OR (tumour[MeSH Terms])))) AND (((((((((((PD1[Title/Abstract]) OR 

(PD1[MeSH Terms])) OR (Programmed Death 1[MeSH Terms])) OR (Programmed Death 

1[Title/Abstract])) OR (PD-L1[Title/Abstract])) OR (PD-L1[MeSH Terms])) OR (Programmed Death 

Ligand 1[MeSH Terms])) OR (Programmed Death Ligand 1[Title/Abstract])) OR (IL-

6[Title/Abstract])) OR (IL-6[MeSH Terms])) OR ((biomarker[Title/Abstract]) OR (biomarker[MeSH 

Terms])))) AND (((Target therapy [Title/Abstract]) OR (Target therapy [MeSH Terms])) OR 

((Chemotherapy [Title/Abstract]) OR (Chemotherapy [MeSH Terms]))) AND ((((((cost benefit 

analysis[Title/Abstract]) OR (cost benefit analysis[MeSH Terms])) OR ((cost effectiveness[MeSH 

Terms]) OR (cost effectiveness[Title/Abstract]))) OR ((cost utility[Title/Abstract]) OR (cost 

utility[MeSH Terms]))) OR ((economic evaluation[Title/Abstract]) OR (economic evaluation[MeSH 
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Terms]))) OR ((quality of life[Title/Abstract]) OR (quality of life[MeSH Terms]))) Sort by: Publication 

Date 

 

Embase 

(('cost benefit analysis':ti,ab,kw OR 'cost benefit analysis'/exp) AND [embase]/lim OR (('cost 

effectiveness':ti,ab,kw OR 'cost effectiveness'/exp) AND [embase]/lim) OR (('cost utility':ti,ab,kw 

OR 'cost utility'/exp) AND [embase]/lim) OR (('economic evaluation':ti,ab,kw OR 'economic 

evaluation'/exp) AND [embase]/lim) OR (('quality of life':ti,ab,kw OR 'quality of life'/exp) AND 

[embase]/lim)) AND ('biomarkers':ti,ab,kw OR 'biomarkers'/exp OR 'pd1':ti,ab,kw OR 'pd1'/exp OR 

'programmed death 1':ti,ab,kw OR 'programmed death 1'/exp OR 'pd-l1':ti,ab,kw OR 'pd-l1' OR 

'programmed death ligand 1':ti,ab,kw OR 'programmed death ligand 1'/exp OR 'il-6':ti,ab,kw OR 'il-

6'/exp OR 'interleukin-6':ti,ab,kw OR 'interleukin-6'/exp) OR (‘target therapy’: ti,ab,kw OR 'target 

therapy’/exp OR ‘chemotherapy’: ti,ab,kw OR ‘chemotherapy’/exp) AND ('antibodies 

monoclonal':ti,ab,kw OR 'antibodies monoclonal'/exp) AND ('immunotherapy':ti,ab,kw OR 

'immunotherapy'/exp) AND ('pembrolizumab':ti,ab,kw OR 'nivolumab/ipilimumab' OR 'ipilimumab' 

OR 'durvalumab' OR 'avelumab' OR 'atezolizumab' OR 'nivolumab' OR 'pembrolizumab'/exp) AND 

('immune checkpoint inhibitor':ti,ab,kw OR 'immune checkpoint inhibitor'/exp) AND [embase]/lim 

AND (('neoplasms':ti,ab,kw OR 'neoplasms'/exp) AND [embase]/lim OR (('cancer':ti,ab,kw OR 

'cancer'/exp) AND [embase]/lim OR (('tumor':ti,ab,kw OR 'tumor'/exp) AND [embase]/lim OR 

(('tumour':ti,ab,kw OR 'tumour'/exp) AND [embase]/lim) OR (('carcinoma':ti,ab,kw OR 

'carcinoma'/exp) AND [embase]/lim)) 
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Appendix 2 

Assumed tables structure for data synthesis 

 

Appendix Table 1. Characteristics of included studies 

Study 
Reference 

Publication 
year 

Country Population Comparators 
Type of 

biomarker 
Health-economic 

outcomes 
Threshold 

(WTP) 
Conclusions 

         

         

 

Appendix Table 2. Methodology of the included studies 

Study 
Reference 

Study 
design  

Type of Economic 
evaluation 

Perspective used in 
the analysis 

Type of costs 
included 

Reference year 
of costs 

Effectiveness 
measures 
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Reporting checklist for protocol of a systematic 
review.

Based on the PRISMA-P guidelines.

Instructions to authors

Complete this checklist by entering the page numbers from your manuscript where readers will find 

each of the items listed below.

Your article may not currently address all the items on the checklist. Please modify your text to 

include the missing information. If you are certain that an item does not apply, please write "n/a" and 

provide a short explanation.

Upload your completed checklist as an extra file when you submit to a journal.

In your methods section, say that you used the PRISMA-Preporting guidelines, and cite them as:

Moher D, Shamseer L, Clarke M, Ghersi D, Liberati A, Petticrew M, Shekelle P, Stewart LA. Preferred 

Reporting Items for Systematic Review and Meta-Analysis Protocols (PRISMA-P) 2015 statement. 

Syst Rev. 2015;4(1):1.

Reporting Item

Page 

Number

Title

Identification #1a Identify the report as a protocol of a systematic review 1

Update #1b If the protocol is for an update of a previous systematic 

review, identify as such

1
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Registration

#2 If registered, provide the name of the registry (such as 

PROSPERO) and registration number

2

Authors

Contact #3a Provide name, institutional affiliation, e-mail address of all 

protocol authors; provide physical mailing address of 

corresponding author

1

Contribution #3b Describe contributions of protocol authors and identify the 

guarantor of the review

9

Amendments

#4 If the protocol represents an amendment of a previously 

completed or published protocol, identify as such and list 

changes; otherwise, state plan for documenting important 

protocol amendments

5-6

Support

Sources #5a Indicate sources of financial or other support for the review 10

Sponsor #5b Provide name for the review funder and / or sponsor 10

Role of sponsor or 

funder

#5c Describe roles of funder(s), sponsor(s), and / or 

institution(s), if any, in developing the protocol

10

Introduction
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Rationale #6 Describe the rationale for the review in the context of what is 

already known

4-5

Objectives #7 Provide an explicit statement of the question(s) the review 

will address with reference to participants, interventions, 

comparators, and outcomes (PICO)

5

Methods

Eligibility criteria #8 Specify the study characteristics (such as PICO, study 

design, setting, time frame) and report characteristics (such 

as years considered, language, publication status) to be 

used as criteria for eligibility for the review

6-7

Information 

sources

#9 Describe all intended information sources (such as 

electronic databases, contact with study authors, trial 

registers or other grey literature sources) with planned dates 

of coverage

5-6

Search strategy #10 Present draft of search strategy to be used for at least one 

electronic database, including planned limits, such that it 

could be repeated

6

Study records - 

data management

#11a Describe the mechanism(s) that will be used to manage 

records and data throughout the review

7-8

Study records - 

selection process

#11b State the process that will be used for selecting studies 

(such as two independent reviewers) through each phase of 

the review (that is, screening, eligibility and inclusion in 

meta-analysis)

7-8
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Study records - 

data collection 

process

#11c Describe planned method of extracting data from reports 

(such as piloting forms, done independently, in duplicate), 

any processes for obtaining and confirming data from 

investigators

7-8

Data items #12 List and define all variables for which data will be sought 

(such as PICO items, funding sources), any pre-planned 

data assumptions and simplifications

6-7

Outcomes and 

prioritization

#13 List and define all outcomes for which data will be sought, 

including prioritization of main and additional outcomes, with 

rationale

6-7

Risk of bias in 

individual studies

#14 Describe anticipated methods for assessing risk of bias of 

individual studies, including whether this will be done at the 

outcome or study level, or both; state how this information 

will be used in data synthesis

7-8

Data synthesis #15a Describe criteria under which study data will be 

quantitatively synthesised

7-8

Data synthesis #15b If data are appropriate for quantitative synthesis, describe 

planned summary measures, methods of handling data and 

methods of combining data from studies, including any 

planned exploration of consistency (such as I2, Kendall’s τ)

7-8

Data synthesis #15c Describe any proposed additional analyses (such as 

sensitivity or subgroup analyses, meta-regression)

7-8
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Data synthesis #15d If quantitative synthesis is not appropriate, describe the type 

of summary planned

7-8

Meta-bias(es) #16 Specify any planned assessment of meta-bias(es) (such as 

publication bias across studies, selective reporting within 

studies)

7-8

Confidence in 

cumulative 

evidence

#17 Describe how the strength of the body of evidence will be 

assessed (such as GRADE)

7-8

The PRISMA-P checklist is distributed under the terms of the Creative Commons Attribution License 

CC-BY 4.0. This checklist was completed on 17. December 2020 using https://www.goodreports.org/, 

a tool made by the EQUATOR Network in collaboration with Penelope.ai
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