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A B S T R A C T

Objectives

This is a protocol for a Cochrane Review (intervention). The objectives are as follows:

To evaluate the eDectiveness and safety of matched targeted therapies in people with relapsed or metastatic cancer in phase I, II and III
trials.
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B A C K G R O U N D

Description of the condition

Worldwide, the burden of cancer incidence and mortality is rapidly
increasing, with an annual incidence of 19.3 million new cases and
approximately 10 million deaths from cancer globally (GLOBOCAN
2020). In the United Kingdom, cancer accounts for more than one
quarter (28%) of all deaths, which is equivalent to 165,000 deaths
in the UK per year (Cancer Research UK). Phase I, II and III oncology
trials routinely enrol people with relapsed or metastatic cancer
whose disease has become refractory to available treatment and all
lines of standard therapies have been exhausted.

Although the primary aim of early phase trials has been to
elucidate the safety profile of novel drugs and to establish
their pharmacokinetic properties, it also provides the participants
the opportunity to clinically benefit from these novel therapies.
However, despite the promise,  these trials have historically been
termed as 'toxicity trials' because of their low likelihood of benefit.
Since the 1970s, the overall response rates observed in phase I
trials has increased from less than 5% to  almost 20%, or even
higher (approximately 42%) when a specific mutation that is
highly expressed in the cancer, referred as genomic biomarker, is
used as a surrogate for selecting patients for targeted therapies
(Adashek 2019; Hortsmann 2005; Lipsett 1982). Therefore, the
emergence of targeted therapies in early-phase trials has created
an increased need for molecular diagnosis for identifying these
mutations. Next-generation sequencing (NGS) technologies have
significantly increased throughput speed of molecular diagnosis,
making it possible for DNA sequencing to garner global genetic
information about people for whom therapeutic decisions can be
made expeditiously.

Description of the intervention

Recent innovation in NGS technology, together with technical
advancements in molecular biology, has led to the era of precision
medicine. Tumour genomic information can be obtained through
analysis of biopsies or via non-invasive methods using,  for
example, liquid biopsies to detect cell-free circulating tumour DNA
(ctDNA) and circulating tumour cells (CTCs) from many body fluids
such as saliva, blood and urine (Fici 2019). This  can be used
as a screening tool for the detection of specific mutations that
may confer benefit from molecularly targeted therapeutics. Liquid
testing has a significantly faster turnaround for results compared
to tissue biopsies, making it feasible to be performed in a clinic
setting.

Multi-gene panels are commonly used to identify the mutational
state of a pre-determined selection of genes within  the
cancer genome, by searching for specific biomarkers with known
therapeutic interactions. The panel of genes being screened will
vary between cancer types, depending on the existing evidence for
genetic interaction. This is one of the main potential utilities  of
the NGS platform: guiding physicians to select people for targeted
therapies. These therapies can be matched to a  mutation  of
interest and inhibit a specific signalling cascade that is key to the
behaviour of a certain cancer. Thus, they may aDect  cancer cells
more than normal cells. Their specific action diDers from traditional
chemotherapy, which aDects all rapidly-proliferating  cells. The
three main classes of targeted therapy include the following (NCI).

1. Small molecule drug classes, in which molecules are small
enough to enter cells and target intracellular kinases.

2. Monoclonal antibodies, which are too large to enter cells but
aDect targets outside of cells or targets on the cell surface.

3. Antibody-drug conjugates (ADCs), which are complex molecules
composed of an antibody linked to a biologically active cytotoxic
(anticancer) payload or drug.

For a wide range of advanced solid and haematological
cancers, molecularly guided targeted therapy has already
become the standard of care. Examples include ceritinib,
which was approved for people with Anaplastic Lymphoma
Kinase (ALK) gene mutation in non-small cell lung cancer
(NSCLC) on the basis of an overall response rate of 58%
reported in a phase I study (Chabner 2014). Molecularly guided
targeted therapy has also been used in colorectal cancer
(e.g. cetuximab in wildtype KRAS, BRAF and NRAS), breast cancer
(e.g.  alpelisib  in  PIK3CA  mutation), and urothelial carcinoma
(e.g. erdafitinib in FGFR2/3 mutation) (André 2019; De Roock 2010;
Loriot 2019). In the context of haematological malignancies, the
impact of targeted therapies has been most marked in disorders
defined by balanced translocations: e.g. Imatinib against a fusion
protein generated by BCR-ABL in chronic myeloid leukaemia and
all-trans retinoic acid (ATRA)  against PML/RARα  fusion protein in
acute pro-myelocytic leukaemia. More recently, inhibitors of the
FMS-like tyrosine kinase 3 (FLT3) and isocitrate dehydrogenase
enzymes (IDH1/2) have been licenced in FLT3- and IDH1/2-mutated
acute myeloid leukaemia (Thol 2020; Wertheim 2012). In addition,
the safety profile of these therapies has oOen been  shown to
be more favourable compared to conventional chemotherapy (Le
Tourneau 2015; Schwaederle 2016).

Utilisation of NGS platforms for molecular screening  has
led to a shiO in the paradigm of early-phase trial design.
This includes recruitment of people with diDerent primary
cancer subtypes but with common molecular alterations (basket
trials); or diDerentiating a single primary cancer into diDerent
molecular subtypes (umbrella trials) (Park 2019). Targeted
therapies which have already been licenced by the US Food
and Drug Administration (FDA) and European Medical Agency
(EMA) for a particular cancer subtype can potentially be re-
purposed for other cancer subtypes to maximise their benefit
by selecting people with specific biomarkers. Examples of re-
purposed molecularly-targeted drugs that have been approved
for other cancer subsets include  trastuzumab (Herceptin), a
monoclonal antibody directed at the human epidermal growth
factor receptor 2 (HER2) receptor, for  the treatment of people
with advanced gastric and gastroesophageal junction cancers with
HER2 positivity, beyond its original licence of HER positive breast
cancer  (Dean-Colomb 2008; Zhao 2019). Additional examples
include bevacizumab, a vascular endothelial growth factor A
(VEGF-A) targeting  therapy, which was first approved by the
FDA in 2004 for use in advanced metastatic colorectal cancers as an
angiogenesis inhibitor. Since 2004, broader use of bevacizumab in
a variety of advanced solid tumours (including non-small cell
lung cancer, metastatic breast, renal, ovarian, cervical cancer and
glioblastoma) has proven eDective, and angiogenesis-independent
uses of  bevacizumab  for  immunomodulation are now being
explored (Garcia 2020).
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How the intervention might work

The development of highly specific molecularly targeted agents,
and the increasing use of genomic biomarkers for selection
of people, may provide therapeutic value for those people
who harbour actionable mutations. Furthermore, from a trial
perspective, it may also expedite approval for drug development,
as reports have revealed that an overall response rate of greater
than 30% with a monotherapy is likely to lead to accelerated
approval by the FDA (Oxnard 2016).

On the contrary, it is important to recognise that the use
of a targeted therapy in people  who do not carry the
specific mutation of interest, in some cases, may result in
a more detrimental outcome. For example, using  cetuximab
(a monoclonal antibody that targets epidermal growth factor
receptor (EGFR) downstream signalling) in combination with
radiotherapy in human papillomavirus (HPV)-positive locally
advanced oropharyngeal squamous cell carcinoma showed inferior
overall survival and progression-free survival than concurrent
chemoradiotherapy with cisplatin (Ang 2014). However, it cannot
be assumed that matching a tumour mutation to a targeted
therapy is going to lead to unequivocal benefit. In 2015, the SHIVA
trial compared molecularly targeted therapy versus conventional
therapy in 741 participants with metastatic refractory  solid
tumours. The study reported no significant improvement in
progression-free survival compared to standard (non-targeted)
treatment (Le Tourneau 2015). In contrast, a recent meta-analysis
of 346 phase I trials including 13,203 people found that biomarker-
based targeted therapy was associated with an improved median
progression free survival (median 5.7 months versus 2.95 months)
(Schwaederle 2016).

Why it is important to do this review

Despite advances in NGS technology, there are still significant
delays in identifying and recruiting people with relapsed/
metastatic cancers who may benefit from matched targeted
therapy trials as opposed to non-matched therapies. One of the
major reasons for this has been attributed to lack of resources
as sequencing technology is not readily available at many
centres and the anti-cancer therapies available to people do not
comprehensively include inhibitors to all common gene mutations.
Furthermore, there are no data about the commonest actionable
mutations in the tumour agnostic setting. As a result, there is
a lack of  high quality and reliable evidence on the eDectiveness
of NGS-based matched targeted therapies as a valid therapeutic
option, and the impact they may have on the quality of life for
those participants enrolled in phase I, II and III trials.  Hence, the
aim of this Cochrane Review is to assess oncological outcomes
and adverse events associated with the use of targeted therapies
compared to non-matched therapies in this cohort.

O B J E C T I V E S

To evaluate the eDectiveness and safety of matched targeted
therapies in people with relapsed or metastatic cancer in phase I,
II and III trials.

M E T H O D S

Criteria for considering studies for this review

Types of studies

We aim to include phase I, II and III randomised controlled trials
(RCTs).   Since most early-phase clinical trials may not have a
random component, we will therefore include non-randomised
studies (NRS) as long as they compared people with relapsed/
metastatic disease who did and did not receive matched targeted
therapies. Studies reported as full-text, those published as abstract
only, and unpublished data will be included in this review.

Types of participants

We will include all adults (aged 18 and over) with advanced solid
or haematological cancers who have been enrolled in phase I,
II and III trials. They must have had a histological diagnosis of
malignancy and confirmed evidence of unresectable, metastatic
or refractory disease. Histological confirmation could either come
from the primary site (including resection or biopsy prior to the
development of metastatic disease) or a site of metastasis. They
must also have had next-generation sequencing carried out on their
tumour, blood samples or bone marrow.

Types of interventions

We will include studies with the following comparisons.

1. Matched targeted therapy versus standard-of-care palliative
chemotherapy (such as osimertinib, epidermal growth factor
receptor (EGFR) tyrosine kinase inhibitor versus palliative
chemotherapy, i.e. carboplatin, gemcitabine or vinorelbine for
locally advanced or metastatic non-small cell lung cancer with
EGFR mutation) (Ayeni 2015).

2. Matched targeted therapy in combination with standard-of-
care palliative chemotherapy versus standard-of-care palliative
treatment alone (such as FOLFIRI with cetuximab versus
FOLFIRI alone in KRAS wild-type metastatic colorectal cancer)
(Heinemann 2021).

3. Matched targeted therapy versus non-matched targeted therapy
(such as olaparib, a poly(adenosine diphosphate–ribose)
polymerase (PARP) inhibitor in participants with castrate
resistant prostate cancer who had alteration in BReast CAncer
gene (BRCA) versus those who had alterations in other
prespecified genes) (De Bono 2020).

4. Matched targeted therapy versus best supportive care, i.e no
treatment.

Types of outcome measures

Primary outcomes

1. Overall survival, defined as the time from trial enrolment to
death from any cause. Survival will be assessed from the time
when participants are enrolled in the study

2. Progression-free survival, defined as the time from trial
enrolment to a composite of disease progression and death

Disease progression is determined in solid organ tumours by the
Response Evaluation Criteria in Solid Tumours (RECIST) criteria,
which define whether a tumour is measurable on baseline imaging
and require the selection of "target lesions" – index lesions for
measuring disease and monitoring response (Eisenhauer 2009). For
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people with RECIST-measurable disease, tumour measurements
on repeat imaging are separated into four categories: complete
response (CR; disappearance of all target lesions), partial response
(PR; decrease in sum of diameters of target lesions by at least 30%),
progressive disease (PD; increase in sum of diameters of target
lesions by at least 20%, or appearance of a new lesion), or stable
disease (SD; none of the above). We will describe discrepancies
from RECIST criteria qualitatively.

Comparable criteria defining CR, PR, SD and PD response categories
are used in the context of haematological malignancies, as
determined by disease-specific response criteria, for: lymphoma
(the Lugano criteria (Cheson 2014)); chronic lymphocytic
leukaemia (CLL) (the international workshop on CLL criteria (Hallek
2018)); acute myeloid leukaemia (AML) (the European Leukaemia
Net criteria (Döhner 2010)); myelodysplastic syndrome and
myeloproliferative syndromes (the International Working Group's
response criteria (Savona 2015)); myeloma (the International
Working Group response criteria (De Larrea 2013)). This enables
progression-free survival to be used as an appropriate endpoint.

Secondary outcomes

1. Overall response rate, defined as the percentage of people who
achieved either a complete response or partial response

2. Duration of response (DOR), defined as time from
documentation of disease response (CR, PR) to disease
progression (PD). We plan to only analyse DOR separately
if progression-free survival has not been reported or it was
specifically reported in cancer types such as multiple myeloma

3. Severe adverse events: classified according to National Cancer
Institute Common Terminology Criteria for Adverse Events (NIH
2017) or other established criteria, including percentage of
treatment-related deaths. These guidelines provide objective
criteria to grade common adverse events from grade 1 (mild
eDects, oOen asymptomatic or minimally symptomatic) to
grade 5 (death related to adverse event). We will measure the
incidence of grade 3/4/5 toxicity overall (where available), rash,
diarrhoea, and neutropenia, as these are known side eDects
of targeted therapies  and chemotherapy/best supportive care.
Toxicity will be categorised as follows.
a. Haematological:

i. anaemia;

ii. thrombocytopenia;

iii. neutropenia.

b. Non-haematological:
i. gastrointestinal (nausea, vomiting, anorexia, diarrhoea,

liver, proctitis);

ii. genitourinary;

iii. skin (dermatitis, stomatitis, mucositis, alopecia, allergy);

iv. neurological (peripheral and central);

v. respiratory;

vi. fatigue.

4. Quality of life: measured using health-related quality-of-life
questionnaires, such as the Functional Assessment of Cancer
Therapy-Generic (FACT-G), European Organisation for Research
and Treatment of Cancer Quality of Life Questionnaire (EORTC
QLQ-C30), and any other instrument available (Aaronson 1993;
Cella 1993; Kovic 2018).

Search methods for identification of studies

Electronic searches

We will search the following electronic databases. The MEDLINE
search strategy is presented in Appendix 1 .

1. Cochrane Central Register of Controlled Trials (CENTRAL; latest
issue), in the Cochrane Library;

2. MEDLINE via Ovid (2000 to present);

3. Embase via Ovid (2000 to present).

Searching other resources

All relevant articles will be identified on PubMed and we will
conduct a further search for newly published articles using the
'related articles' feature.

Unpublished and grey literature

We will search the following for ongoing trials.

1. ISRCTN - metaRegister of Controlled Trials (www.isrctn.com/
page/mrct).

2. Physicians Data Query (www.cancer.gov/publications/pdq ).

3. ClinicalTrials.gov (www.clinicaltrials.gov).

4. WHO International Clinical Trials Registry Platform (ICTRP)
(www.who.int/ictrp/en/).

If ongoing studies that have not been published are identified
through these searches, we will approach the principal
investigators, and major co-operative groups active in this area, to
ask for relevant data. We will also search conference proceedings
and abstracts (e.g. ZETOC (zetoc.mimas.ac.uk) and WorldCat
Dissertations.

Handsearching

We will handsearch the citation lists of included studies, key
textbooks, and previous systematic reviews, and contact experts in
the field, to identify further reports of trials. We will also handsearch
the reports of conferences from the following sources.

1. Annual Congress of the European Haematology Association.

2. Annual  Scientific Meeting of the American Society of
Haematology.

3. British Journal of Cancer.

4. British Cancer Research Meeting.

5. Annual Meeting of European Society of Medical Oncology
(ESMO).

6. Annual Meeting of the American Society of Clinical Oncology
(ASCO).

7. Journal of Clinical Oncology.

8. Annals of Oncology.

9. The Lancet Oncology.

Data collection and analysis

Selection of studies

We will download all titles and abstracts retrieved by electronic
searching to a reference management database (Covidence) and
remove duplicates. Two review authors (FK/TF) will examine the
remaining references independently. We will exclude those studies
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that clearly do not meet the inclusion criteria, and obtain copies
of the full text of potentially relevant references. Independently,
three review authors (TF, PH and SL) will assess the eligibility of
the retrieved reports/publications in duplicate. We will resolve any
disagreement through discussion or, if required, we will consult a
third person (SB). We will identify and exclude duplicate reports
and collate multiple reports of the same study so that each study,
rather than each report, is the unit of interest in the review. We
will record the selection process in suDicient detail to complete a
PRISMA flow diagram and a 'Characteristics of excluded studies'
table (Liberati 2009).

Data extraction and management

Three review authors (FA, TF, SB) will independently extract data
from the reports of included studies, resolving any discrepancies
via consensus. Data will be collected in duplicate in piloted forms
and stored on an online repository. Data to be collected will include
the following.

1. Author, year of publication and journal citation (including
language).

2. Country.

3. Setting.

4. Inclusion and exclusion criteria.

5. Study design, methodology.

6. Participant demographics and characteristics (such as gender,
median age, comorbidities and performance status); total
number enrolled.

7. Cancer type (solid/haematological).

8. Intervention: drug name, FDA/EMA licenced (yes/no), method
of administration (oral/systemic) and dose, mechanism
of action (small molecules/monoclonal antibody/antibody-
drug conjugates), schedule of administration (daily/weekly/
monthly), number of participants randomised to the
intervention arm, concurrent chemotherapy (yes/no).

9. Control: chemotherapy/ non-matched targeted therapy/ no
treatment, dose, schedule of administration (daily/weekly/
monthly), number of participants randomised to the control
arm.

10.Median follow-up.

11.Information regarding funding sources and potential conflicts of
interest.

12.Outcomes: primary and secondary outcomes specified and
collected, and time points reported.

Where data from the same trial are presented in multiple
publications, we will extract all of the information and report this as
a single trial whilst listing the other publications in the references.
We will note the time points at which trials are collected and
outcomes are reported.

Assessment of risk of bias in included studies

We will assess and report on the methodological risk of bias
of included studies in accordance with the Cochrane Handbook
for Systematic Reviews of Interventions (Higgins 2021), which
recommends the explicit reporting of the following individual
elements for RCTs.

1. Bias arising from randomisation process;

2. Bias due to deviations from intended interventions;

3. Bias due to missing outcome data;

4. Bias in the measurement of the outcome;

5. Bias in selection of the reported result.

For non-randomised studies, we will use the Risk of Bias in Non-
randomized Studies of Interventions (ROBINS-I) assessment tool to
assess bias due to confounding, participant selection, classification
of interventions, deviation from intended interventions, missing
data, outcome measurement and reporting of results  (Sterne
2016). Key confounders include: staging of underlying relapsed or
metastatic cancer; and presence of comorbidities.

Two review authors (TF, BH) will apply the 'Risk of bias' tool
independently and resolve diDerences by discussion or by appeal
to a third review author (FK). We will judge each item as being at
high, low or unclear risk of bias, as set out in the criteria provided
by Higgins 2021. We will provide a quote from the study report or
a statement as justification for the judgement for each item in the
'Risk of bias' table. We will summarise results in both a 'Risk of bias'
graph and a 'Risk of bias' summary.

We will report a study to be at low risk of bias overall for the
outcome when the study is judged to be at low risk of bias for all
domains for this outcome. We will report a study to have some
concerns overall for the outcome when the study is judged to raise
some concerns in at least one domain for this outcome, but not to
be at high risk of bias for any domain. Similarly we will report a
study to be at high risk of bias overall when study is judged to be at
high risk of bias in at least one domain for this outcome or the study
is judged to have some concerns for multiple domains in a way that
substantially lowers confidence in the result (Higgins 2021).

When interpreting treatment eDects and meta-analyses, we will
take into account the risk of bias for the studies that contribute
to that outcome. Where information on risk of bias relates to
unpublished data or correspondence with a trialist, we will note this
in the 'Risk of bias' table (Appendix 2).

Measures of treatment e:ect

We will use the hazard ratio with 95% confidence intervals (CIs) as
the measure of eDect for the following time-to-event outcomes.

1. Overall survival.

2. Progression-free survival.

3. Duration of response.

If the hazard ratio is not reported for these outcomes, we will
estimate it from other available statistics,  such as response rate
and toxicity, and exact log rank P value from Kaplan Meier plot
logrank test, with rates of toxicity reported in percentage form only
converted to numerators by taking the denominator as the total
number evaluated for safety and rounding the resultant conversion
to the nearest integer (Parmar 1998; Tierney  2007).

We will use risk ratio (RR) with 95% CIs as the measure of eDect for
the following dichotomous outcomes.

1. Overall response rates: complete response (CR) (incidence over
total number evaluated), partial response (PR) (incidence over
total number evaluated) and stable disease (SD) (incidence over
total number evaluated).
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2. Toxicity: incidence of grade 3/4/5 toxicity (as noted above) for
haematological and non-haematological toxicities.

We will use mean diDerence (MD) and standard deviation (SD)
to report quality of life with continuous scales of measurement.
We will standardise and combine data where diDerent studies
used diDerent measurement scales (i.e. using standardised mean
diDerence (SMD)) and SD.

Similarly, If the same outcome is reported in some studies as
dichotomous and in other studies as continuous then we will re-
express the odds ratio as the SMD. This method assumes logistic
distribution and comparable variability for both intervention and
control groups according to the methods described in the Cochrane
Handbook for Systematic Reviews of Interventions (Higgins 2021).

Unit of analysis issues

The unit of analysis will be the individual participant. The only
unit of analysis issues we may encounter will arise from trials that
have multiple intervention arms. Where possible, we will use the
summary hazard ratio (from a comparison of the combined arms
versus the control arm) for meta-analysis. If this is not available,
we will use random eDects meta-analysis to combine the hazard
ratios reported for separate groups but will halve the control group
in each case to avoid double-counting.

Cluster-randomised trials and cross-over trial designs are unlikely
to be used for trials of this therapy, but are technically eligible for
inclusion. We will only pool data from cluster-RCTs if the available
data have been adjusted (or can be adjusted), to account for the
clustering. For cross-over trials, we will only use data from the first
phase (i.e. before cross-over) to minimise potential bias from carry-
over eDects (Higgins 2021).

Dealing with missing data

We will contact study authors to obtain missing data (participant,
outcome, or summary data). Regarding missing individuals from
studies, we will conduct our analysis on an intention-to-treat
principle; otherwise data will be analysed as reported. We will not
impute missing data for any of the outcomes.

Assessment of heterogeneity

Where studies are considered similar enough based on
consideration of populations and interventions to allow pooling
of data using meta-analysis, we will assess the degree of
heterogeneity by visual inspection of forest plots (Deeks 2001;
Higgins 2003) and quantify heterogeneity using the I2 statistic, as
follows.

1. 0% to 40%: might not be important.

2. 30% to 60%: may represent moderate heterogeneity.

3. 50% to 90%: may represent substantial heterogeneity.

4. 75% to 100%: represents considerable heterogeneity.

If there is evidence of substantial clinical, methodological or
statistical heterogeneity across included studies, we will explore
the possible sources (for example, diDerences in participants or
interventions).

Assessment of reporting biases

We will investigate publication bias by visual assessment of funnel
plots for the primary outcome if more than 10 studies are included.

Data synthesis

We expect that the studies included in this review will be
heterogenous due to multiple treatment arms. We will therefore
pool the results from the studies using the random-eDects model
with inverse variance (DeSimonian 1986) in Review Manager  5
(Review Manager 2020).

For dichotomous and continuous outcomes, we will consider only
outcomes reported within 12 months' follow-up in our review. 

1. For any dichotomous outcomes (overall response rate, rates of
toxicity, adverse events), we will calculate the risk ratio (RR) for
each study and these will then be pooled.

2. For continuous outcomes (quality-of-life questionnaires), we
will pool the mean diDerences (MDs) between the treatment
arms at the end of follow-up, if all trials measure the outcome
on the same scale; otherwise we will pool standardised mean
diDerences (SMDs).

3. For time-to-event data (overall survival and progression-free
survival), we will pool hazard ratios using the generic inverse
variance facility in Review Manager 5.

If any trials have multiple treatment groups, we will divide the
‘shared’ comparison group into the number of treatment groups
and treat the split comparison group as independent comparisons.
If we are unable to pool data statistically using meta-analysis,
we will conduct a narrative synthesis of results adhering to the
Synthesis Without Meta-analysis (SWiM) guideline (Campbell 2020).
We will present the major outcomes and results, organised by type
of advanced cancer: solid versus haematological cancers. We will
then present data from studies in a forest plot without the pooled
eDect estimate.

Subgroup analysis and investigation of heterogeneity

We will perform subgroup analyses in Review Manager, using the
formal test for subgroup diDerences, for the following factors.

1. Type of advanced cancer: solid versus haematological cancers.

2. Previously approved therapies: targeted therapies that have
been previously licensed for other cancer types (i.e. EMA/FDA
approval) versus those that have not.

3. Agent class: matched targeted therapy (i.e. monoclonal
antibodies/small molecules/antibody-drug conjugates) versus
cytotoxic (i.e. chemotherapy).

4. Adverse eDects: The presence of grade 3 and above toxicities
versus those that have not. This will only be conducted for
adverse eDect outcomes.

We will consider the P value from the test for subgroup
diDerences  to determine whether these factors significantly
modify the treatment eDect. We will also record whether the
treatment eDects for each subgroup favour the same treatment or
diDerent treatment, and the extent of heterogeneity within each
subgroup (Richardson 2019).
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Sensitivity analysis

Sensitivity analyses will be conducted to investigate the impact
of excluding trials at high risk of bias. Where our investigations
for heterogeneity identify one study as being the likely sole cause
of heterogeneity, we will conduct sensitivity analyses   to see
whether the reported result in the pooled analysis changes aOer the
exclusion of the study.

Summary of findings and assessment of the certainty of the
evidence

We will present a 'Summary of findings' table for the following
comparisons (see Appendix 3). 

1. Matched targeted therapy versus standard-of-care palliative
chemotherapy.

2. Matched targeted therapy in combination with chemotherapy
versus standard-of-care palliative chemotherapy.

3. Matched targeted therapy versus non-matched targeted
therapy.

4. Matched targeted therapy versus best supportive care, i.e no
treatment.

The table will report the following outcomes (listed in order of
priority) for the comparisons listed above.

1. Overall survival.

2. Overall response rate.

3. Overall grade 3/4/5 toxicity.

4. Overall grade 3/4/5 haematological toxicity.

5. Overall grade 3/4/5 non-haematological toxicity.

6. Quality of life, reported using Functional Assessment of Cancer
Therapy-Generic (FACT-G).

We will present the overall certainty of the evidence for
each outcome according to the Grading of Recommendations
Assessment, Development and Evaluation (GRADE) approach,
which takes into account the risk of bias, consistency of eDect,
imprecision, indirectness and publication bias (Granholm 2019;
Schünemann 2021). We will use the methods described in the
Cochrane Handbook for Systematic Reviews of Interventions (Higgins
2021);  GRADEPro GDT  will be used to create the tables. We will
use the GRADE checklist and GRADE Working Group definitions of
the certainty of evidence, as follows (Higgins 2021; Santesso 2020;
Schünemann 2021).

1. High certainty: we are very confident that the true eDect lies
close to that of the estimate of the eDect.

2. Moderate certainty: we are moderately confident in the eDect
estimate. The true eDect is likely to be close to the estimate of the
eDect, but there is a possibility that it is substantially diDerent.

3. Low certainty: our confidence in the eDect estimate is limited.
The true eDect may be substantially diDerent from the estimate
of the eDect.

4. Very low certainty: we have very little confidence in the eDect
estimate. The true eDect is likely to be substantially diDerent
from the estimate of eDect.

GRADE assessments will be undertaken by two independent review
authors (PH and TF). Where the evidence is based on single studies,
or where there is no evidence on a specific outcome, we will include
the outcome in the 'Summary of findings' table, and grade or
explain accordingly. We will justify and document all assessments
of the certainty of the body of evidence (e.g. downgrading or
upgrading using GRADE). We will downgrade the evidence from
'high' certainty by one level for serious (or by two for very serious)
concerns for each limitation, and we will note the basis of our
judgement in the table footnotes. We will interpret the results
of graded evidence based on Cochrane EDective Practice and
Organisation of Care guidance (EPOC 2017).
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A P P E N D I C E S

Appendix 1. MEDLINE search strategy

1. exp High-Throughput Nucleotide Sequencing/                 
2. exp Molecular Sequence Annotation/
3. (next generation or next-gen or NGS).ti,ab,kw.                 
4. sequence analysis, DNA/            
5. 1 or 2 or 3 or 4               
6. exp Molecular Targeted Therapy/          
7. ((match* or non-match* or molecular* or target*) adj3 (therap* or group* or mutation* or compound*)).ti,ab,kw.
8. ((molecular* or tumor* or tumour*) adj3 (marker* or mutation* or screen* or understanding* or alteration* or subtype*)).ti,ab,kw.     
9. diagnostic precision.mp.          
10. ((action* or target*) adj3 mutation*).ti,ab,kw.             
11. genetic alteration*.mp.          
12. ((personal* or individual*) adj3 (treatment* or therap*)).ti,ab,kw.      
13. 6 or 7 or 8 or 9 or 10 or 11 or 12         
14. exp Neoplasms/         
15. (cancer* or tumor* or tumour* or neoplas* or malignan* or carcinoma* or adenocarcinoma* or choriocarcinoma* or leukemia* or
leukaemia* or metastat* or sarcoma* or teratoma* or oncolog*).mp.    
16. 14 or 15        
17. 5 and 13 and 16         
18. randomized controlled trial.pt.          
19. controlled clinical trial.pt.   
20. randomized.ab.         
21. placebo.ab.
22. drug therapy.fs.         
23. randomly.ab.              
24. trial.ti.           
25. groups.ab.   
26. exp cohort studies/ or exp epidemiologic studies/ or exp clinical trial/ or exp evaluation studies as topic/ or exp statistics as topic/       
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27. ((control and (group* or study)) or (time and factors) or program or survey* or ci or cohort or comparative stud* or evaluation studies
or follow up*).mp.                 
28. 18 or 19 or 20 or 21 or 22 or 23 or 24 or 25 or 26 or 27            
29. (animals/ not humans/) or comment/ or editorial/ or exp review/ or meta analysis/ or consensus/ or exp guideline/      
30. hi.fs. or case report.mp.         
31. 29 or 30        
32. 28 not 31     
33. 17 and 32

Appendix 2. Risk of bias items

Bias arising from the randomization process

• Low risk of bias (allocation sequence was random, concealed and no baseline diDerences)

• Some concerns (allocation was concealed but not random, non information on allocation concealment, baseline diDerences

• High risk of bias (Allocation sequence was not random, not adequately concealed or baseline diDerences)

Bias due to deviations from intended interventions

• Low risk of bias (participants, carers or people delivering the interventions were unaware of the intervention groups during the trial
and study participants adhered to the assigned intervention regimen)

• Some concerns (participants, carers or people delivering the interventions were unaware of the intervention groups during the trial but
study participants did not adhere to the assigned intervention regimen)

• High risk of bias (participants, carers or people delivering the interventions were aware of the intervention groups during the trial)

Bias due to missing outcome data

• Low risk of bias (outcome data were available for all randomised participants or there is evidence that the results was not biased by
missing outcome data)

• Some concerns (outcome data were not available for all randomised participants and it is not likely that missingness in the outcome
depended on its true value)

• High risk of bias (outcome data were not  available for all randomised participants and it is likely that missingness in the outcome
depended on its true value)

Bias in the measurement of the outcome

• Low risk of bias  (method of measuring the outcome measurement was appropriate and did not diDer between intervention groups)

• Some concerns (assessment of the outcome could have been influenced by knowledge of the intervention received)

• High risk of bias (method of measuring the outcome measurement was inappropriate and diDered between intervention groups)

Bias in selection of the reported result

• Low risk of bias (data were not analysed in accordance with a pre-specified plan and results being assessed is unlikely to have been
selected on the basis of the results, from multiple eligible outcome measurements or analyses of the data)

• Some concerns  (no informaion on whether the results being assessed is likely to have been selected on the basis of the results, from
multiple eligible outcome measurements or analyses of the data)

• High risk of bias (results being assessed is likely to have been slected on the basis of the results, from multiple eligible outcome
measurements or analyses of the data)

Appendix 3. 'Summary of findings' table

'Summary of findings' table

 

Title: Next-generation sequencing in guiding matched targeted therapies in people with relapsed or metastatic cancer

Patient or populaItion: patients with relapsed or metastatic cancer

Settings: phase I, II and III trials

Intervention: next-generation sequencing in guiding matched targeted therapy
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Illustrative comparative
risks*

Outcomes

Add time points as appropriate

Assumed
risk

Corre-
sponding
risk

Relative ef-
fect (95%
CI)

No of par-
ticipants

(studies)

Quality of
evidence

(GRADE)

Comment

Progression-free survival            

Overall survival            

Overall response rate            

Overall grade 3/4/5 toxicity            

Overall grade 3/4/5 haematological toxicity            

Overall grade 3/4/5 non-haematological
toxicity

           

Quality of life            

*The basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes. The corresponding risk
(and its 95% confidence interval) is based on the
assumed risk in the comparison group and the relative effect of the intervention (and its 95% CI).
CI: confidence interval; HR: hazard ratio; MD: mean difference; RR: risk ratio; OR: odds ratio

GRADE Working Group grades of evidence

• High-certainty: We are very confident that the true effect lies close to that of the estimate of the effect.

• Moderate-certainty: We are moderately confident in the effect estimate: The true effect is likely to be close to the estimate of the effect,
but there is a possibility that it is substantially different.

• Low-certainty: Our confidence in the effect estimate is limited: The true effect may be substantially different from the estimate of the
effect.

• Very low-certainty: We have very little confidence in the effect estimate: The true effect is likely to be substantially different from the
estimate of effect

  (Continued)
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Next-generation sequencing for guiding matched targeted therapies in people with relapsed or metastatic cancer (Protocol)
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