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Abstract

Background: lymphomas are neoplastic diseases arising from cells of the lymphatic tissue and can affect
almost any organ in the body. They can arise from B or T cells. B lymphomas are histologically
subclassified into Hodgkin lymphoma (HL) and non-Hodgkin lymphoma (NHL). Classical Hodgkin
lymphoma (cHL) is the most frequent subtype of HL, composed of Reed-Steinberg cells. Diffuse large B cell
lymphoma (DLBCL) is the most common type of NHL, followed by follicular lymphoma (FL) and mantle cell
lymphoma (MCL). The treatment options for these lymphomas include chemotherapy, radiotherapy,
immunotherapy, or a combination. The existence of lymphoma clonal cells prior to clinical presentation is
known as measurable residual disease (MRD). PET/CT is commonly used to evaluate treatment response
and identify disease recurrence, but its use during disease surveillance has not led to improved outcomes.
Objectives: this article emphasizes the limitations of current MRD monitoring techniques and the need for
newer, more sensitive methods. Data sources: systematic search in PUBMED and MEDLINE databases,
using the following query: “lymphoma + minimal residual disease + liquid biopsy” and “lymphoma + minimal
residual disease + imaging” Study criteria: cHL, DLBCL, FL, and MCL adult patients whose MRD was
assessed using novel liquid biopsy-based methodologies and newer approaches in imaging techniques
Results: the use of circulating-tumor DNA, next-generation sequencing, and digital-droplet PCR are
considered as potential alternatives for MRD assessment. Limitations: the articles that were included in the
analysis are mainly observational studies, and patient characteristics differ between studies, within the
same technique. Implications of key findings: these methods have been extensively researched for their
potential to detect early disease relapse and open the possibility to start proactive salvage therapy or
effectively change treatment strategy.
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Introduction

Lymphomas are a group of neoplastic diseases arising from cells of the lymphatic tissue it can affect nearly
any organ in our system. Ranging from a variety of symptoms, they are histologically subclassified into
Hodgkin lymphoma and non-Hodgkin lymphoma.

State of the art in classification, diagnosis, and treatment of classical Hodgkin
lymphomas

Hodgkin lymphoma (HL) is a malignancy of the lymphatic system with an incidence of 2-3 cases per
100.000 individuals per year in developed countries®. HL is currently classified in classical Hodgkin
lymphoma (cHL), the most frequent subtype (95%), which is composed of scarce Reed-Steinberg cells with
a binucleated/bilobed nucleus, which expresses CD30, CD15, PAX5 and may express CD202. The rare
nodular lymphocyte-predominant HL lacks Reed-Steinberg cells®. Diagnosis is based on lymph node
excisional biopsy. cHL follows a bimodal incidence pattern. The first peak occurs in individuals aged 20-30
years, whereas the second peak appears around the age of 50-70 years. cHL typically presents with
enlarged, painless cervical nodes or a mass in the chest, weight loss, and fever!. According to the
European Society for Medical Oncology (ESMO) guidelines chest x-ray and a contrast-enhanced computed
tomography (CT) scan of the neck, chest, and abdomen are recommended for a first approach, and a
whole-body 2’-fluorodeoxyglucose positron emission tomography (FDG-PET) scan for staging and response
assessment®. To evaluate the extent of disease 5, risk stratification, and assess early-response and end-of-
treatment response outcomes © only CT or PET-CT scans are recommended. The modified Ann Arbor
classification system is used to descript extension of the disease (Table 1.). Early-stage disease is staged
as I/1l, while advanced-stage disease refers to stage llI/IV®. It has been shown that various imaging
technigues do not detect most relapses before clinical signs and symptoms’. Standard treatment is based
on a case-by-case evaluation of risks and benefits, and it includes chemotherapy (ABVD - doxorubicin,
bleomycin, vinblastine, dacarbazine - or BEACOPP - bleomycin, etoposide, doxorubicin),
cyclophosphamide, vincristine, procarbazine, prednisone) and involved-site radiotherapy (20 to 30 Gy)“.
Approximately 10-25% of patients with cHL will have refractory disease or will relapse after achieving a
complete remission®,



Stage Involvement Extranodal status
| One node or a group of adjacent Single extranodal lesions without
nodes nodal involvement

Il “bulky”

Two or more nodal groups on the
same side of the diaphragm

As Il with “bulky” disease

Stage | or Il by nodal extent with
limited contiguous extranodal
involvement
Not applicable

[ Nodes on both sides of the
diaphragm; nodes above the
diaphragm with spleen involvement
vV Additional noncontiguous
extralymphatic involvement

Not applicable

Not applicable

Table 1: Revised Ann Arbor staging system (Lugano Classification)®

State of the art in classification, diagnosis, and treatment of most frequent non-

Hodgkin B-cell lymphomas

Diffuse large B cell lymphoma (DLBCL), the most common type of non-Hodgkin lymphomas (NHL), had an
incidence rate of 6.3% in the United States, in 2016°. It frequently affects people in their seventh decade
and manifests as a rapidly growing mass in one or more lymph nodes or extranodal sites, coupled with B
symptoms such as fever, weight loss and night sweats'®. Although there are variations of DLBCL, the
hallmark is a diffuse arrangement of large lymphoma cells that disrupts nodal/extranodal structure®l. An
essential element in DLBCL diagnosis is evaluation of the immunophenotype. These neoplastic lymphoma
cells express B-cell antigens and transcription factors, including CD19, CD20 and CD22, PAX5, BOB.1 and
OCT2*?. FDG-PET/CT scan is the gold standard for staging DLBCL patients®. The established treatment is
4 cycles of R-CHOP (rituximab, cyclophosphamide, doxorubicin, vincristine, and prednisone) regimen
followed by involved-site radiotherapy for early-stage disease, while 6 cycles plus involved-site
radiotherapy, if necessary, are reserved for advanced-stage or bulky disease®. Around 30-40% of patients
will relapse or fail to respond to this therapy. Salvage therapy is available to younger patients via
autologous stem cell transplantation!® preceded by platinum-based chemotherapy regimens and
polychemotherapy in older or non-transplantable patients*S,

Follicular cell lymphoma (FL) is the second most frequent lymphoid malignancy in western countries®®
characterized by its growth in a follicular pattern®, and is typically found in abdominal and
supradiaphragmatic lymph nodes. The founding event of FL physiopathology is believed to be t(14;18),
which involves BCL2/IGH translocation as this translocation occurs in 90% patients with FL'". Diagnosis of
FL should be based on accessible excisional lymph node biopsy. Bone marrow biopsy, CT scan or PET/CT
are fundamental for staging of the disease, which is carried out according to Ann Arbor classification.
Treatment options depends on the stage of the disease with radiotherapy with/without rituximab being
recommended for stages I-1l and systemic therapy reserved for selected cases. Unfortunately, there is no
curative therapy for stage IlI-IV, and treatment should only be given to symptomatic patients.
Immunochemoradiotherapy regimens are available for patients with high tumor burden?®.

Mantle cell lymphoma (MCL) is a rare B-cell ymphoma characterized by the translocation (11;14) (q13;932)
that causes the overexpression of cyclin D1. It comprises approximately 3-10% of NHL cases in western
countries®. Clinical presentation can range from asymptomatic monoclonal disease to progressive
lymphadenopathy, cytopenia, splenomegaly, and symptoms of extra-nodal disease. To diagnose MCL,
immunohistochemical analysis of nodal/extra-nodal sites is performed, showing strong nuclear staining for
cyclin D1 expression, alongside karyotype confirmation using FISH. Staging is done with the use of PET-CT
and CT scans, as well as Ki-67%?*°. In low-grade MCL with a good prognosis, a wait-and-see strategy may
be employed®. The established treatment for MCL is a regimen consisting of polychemotherapy regimens
(R-HCVAD - cyclophosphamide, vincristine, doxorubicin, dexamethasone, R-DHAP — dexamethasone and
cytarabine, R-CHOP) which may be followed by autologous stem cell transplantation with or without
maintenance therapy?®.

Assessing measurable residual disease

Measurable residual disease (MRD) is the presence of a minimal burden of clonal lymphoma cells after
initial treatment, without detection of signs or symptoms of disease?!. It is measured by serial sample
collection during pre-treatment, interim evaluation, and post-treatment. MRD serves as a reliable prognostic
marker since it can predict relapse or refractory disease in lymphomas.

Disease monitoring in cHL involves physical examination and laboratory tests for a minimum of two years
after treatment?. Interim PET monitoring is available after 2 cycles of chemotherapy. Result of interim PET,



positive or negative with the Deauville criteria, is used to increase or decrease intensity of the therapy®.
Surveillance PET scans are not recommended once remission has been confirmed and CT scans should
only be used if clinically indicated?3.

In DLBCL, MRD relies on FDG-PET/CT, using the Deauville criteria, which can take place mid-treatment or
post-treatment. Clear progression in the interim evaluation can be decisive in switching treatment. However,
there is currently no evidence that routine imaging after achieving complete remission may improve
outcomes?s,

Few reports on MCL have demonstrated that achieving MRD-negative status can significantly improve
outcomes, emphasizing the need for maintenance therapy after stem cell transplant. However, there is still
no consensus on the optimal method assessing MRD?*. Various techniques are employed for MRD
evaluation, including immunoglobulin heavy chain (IgH) rearrangement and Bcl1-IgH derived from t(11;14)
(913;932) rearrangement, flow cytometry methods, PCR-based methods, and next-generation sequencing
(NGS)-based methods?®. Radiological exams are also available mid- and post-treatment. Nonetheless, it is
still uncertain what options can be offered to MCL patients who are MRD positive .

In FL, PET/CT is recommended following induction chemotherapy. Follow-up includes regular clinical
history, physical examinations, blood work, LDH and IgG tests, and may necessitate abdominal ultrasound
and CT scan. There is currently no established role for PET/CT in interim response evaluation®’.
Considering these limitations, the aim for this systematic review is to search for evidence of newer, more
sensitive techniques that could be employed in the measurement of MRD in cHL, DLBCL, MCL and FL.

Searching methods

We conducted a systematic search in the PUBMED and MEDLINE databases, during the month of January
2023, using the following query: “Lymphomas + minimal residual disease + liquid biopsy” and “Lymphoma +
minimal residual disease + imaging” to identify articles published between January 2013 and January 2023
involving MRD assessment in cHL, DLBCL, FL and MCL adult (>18-year-old) patients. Publications were
included if MRD was evaluated using novel liquid biopsy-based methodologies and newer approaches in
imaging techniques, such as tumor total lesion glycolysis and metabolic tumor volume. We excluded
reviews, book chapters, and opinion articles. Two researchers assessed each eligible manuscript
independently. The following information was extracted from each study: sample size, technique used in
MRD assessment, outcome related to disease progression. Risk of individual bias was assessed using the
ROBINS criteria?8. The search yielded 34 results, of which 10 were excluded based on the criteria outlined
in the flowchart (Fig 1). A list of studies included in this review is presented by Table 2.

"lymphoma +
minimal residual
disease + liquid

biopsy" and

“lymphoma +
minimal residual

disease + imaging"
n= 47 articles n=22 articles
excluded

12 reviews

3 not acessible
3 not B-cell
lymphoma

3 book chapters

1 opinion article

n= 25 articles

included
v Y v v
MRD in MRD in MRD in .
cHL DLBCL MCL R
(n=5) (h=9) (n=4)

Figure 1 Flowchart. DLBCL: diffuse large B-cell lymphoma; cHL: classical Hodgkin lymphoma; FL: follicular lymphoma;
MCL: mantle cell ymphoma; MRD: measurable residual disease



Results

2’-fluorodeoxyglucose positron emission tomography

2’-fluorodeoxyglucose positron emission tomography (FDG-PET) identifies increased glycolytic activity
found in malignant cells as in proinflammatory cells. Glucose uptake and utilization is quantified using the
standardized uptake value (SUV). SUV is a ratio of the relative increase of the FDG metabolism in a region
of the body. It is equal to 1 if FDG distribution is equal throughout the body. In lymphoma, SUV is increased,
and maximum SUV correlates with lymphoma aggressiveness. Metabolic tumor volume (MTV) refers to the
cumulative 3D measurements of the volume of all lesions exhibiting FDG uptake?®. Progression-free
survival (PFS) can be predicted by the baseline MTV in both primary and relapsed cases of HL*°. Total
lesion glycolysis (TLG) is a metric that captures both the size of the tumor and the extent of FDG uptake, by
multiplying the average SUV of the complete tumor with its corresponding MTV. This metric is a
comprehensive measure of the metabolic activity across the entire tumor, encompassing the inflammatory
microenvironment. Several studies have explored the prognostic value of it in DLBCL3!%2, Deauville score
(DS) was developed for better standardization and interobserver reproducibility. It employs a 5-point scale,
where residual uptake is contrasted to a fixed reference background, with the liver being the preferable
visual reference. A score of 4 indicates moderate uptake increase over the liver, and score of 5 significantly
increased uptake. Score 1-3 is considered complete metabolic remission, while scores 4 and 5 are
considered positive FDG-PET for residual disease®. There was a single study that found that SUV3 and
SUV6 were the best predictors of response in aggressive B-lymphomas patients. TLG volumes were also
associated with residual disease at the end of treatment. It was also implemented a tumor segmentation
method that allowed for a semiautomated evaluation that corresponded to morphological dimensions of the
tumor34,

Liquid biopsy, circulating-free DNA and circulating-tumor DNA

Circulating-free DNA (cfDNA) are fragments of DNA that has been released in the plasma due to cell death
through apoptosis or necrosis, as well as actively secreted by tumor cells. It first appeared in a study
conducted by Leon et al in 1977, where they discovered cfDNA in serum to be increased in cancer
patients®. A portion of cfDNA, known as circulating-tumor DNA (ctDNA) is derived from tumor cells and
makes up for a minor part of total cfDNA3%. Therefore, liquid biopsy refers to the ability to detect and
examine ctDNA from the available cfDNA. While samples for liquid biopsy can be obtained from several
body fluids including urine, saliva and cerebrospinal fluid, plasma is presently the widely accepted choice for
cfDNA extraction3"8, Multiples studies have indicated that the genetic profile of ctDNA accurately reflects
that of the original lymphoma3®*“!, Next-generation sequencing-based methods and digital droplet or
guantitative PCR can be used to identify acquired mutations that are specific to tumors in cfDNA. These
methods will be discussed in further detail.

Regarding cHL, Spina et al. identified a relationship between >2-logarithm-fold decline of ctDNA load
(relative to pre-treatment level) after 2 cycles of ABVD and complete metabolic response and cure in 24
advanced stage cHL patients. <2-logarithm-fold of ctDNA load was associated with progression disease.
They also observed that patients with interim PET/CT positive and a >2-logarithm-fold decrease of ctDNA
load were cured, whereas those with interim PET/CT negative and <2-logarithm-fold decrease experienced
relapse*?. Sobesky et al. devised a ctDNA sequencing platform to address MRD in 121 cHL patient samples
prior to, during, and after treatment. They concluded that patients who had negative MRD evaluation based
on ctDNA, and negative PET-CT had an excellent prognosis, with no relapses. However, their primary
concern was a small sample size*®. In a study of 60 cHL patients, Camus et al. found no significant
difference in ctDNA concentration between low-grade interim PET score (DS 1-3) and high-grade interim
PET score (DS 4-5)*.

Early detection of treatment failure and disease relapse made possible by liquid biopsy has the potential to
improve the cure rate of aggressive B lymphomas®. In DLBCL patients, ctDNA was detected in 96% and an
increase of this biomarker by day 15 was linked to lack of response to treatment 6. On the other hand, long-
term remission led to clearance of ctDNA*, indicating its utility as a biomarker. Roscheswki et al. also
demonstrated higher sensitivity of ctDNA surveillance using IgNGS compared to CT imaging through a
detection lead-time 3.5 (median) months and 7.4 months for all patients who relapsed and late recurrences,
respectively*l. A smaller study on DLBCL found detectable ctDNA by NGS in all 11 patients at the time of
recurrence and 7 patients before imaging translation with a median lead-time of 2 months, which supports
the previous data. However, this study doesn’t mention the stage of disease.*’. In chemo-free regimens
such as CAR-T therapy, Frank et al. conducted a prospective trial to explore ctDNA as tool for MRD
assessment. They found ctDNA to be detectable either at the time of relapse or before it occurred in 29 of
30 (94%) patients*®. In a previous study by Hossain et al., ctDNA levels were found to increase before the
progression of disease in 4 patients (80%) who received CAR-T cell therapy. These elevated levels
persisted at the time of PET-CT progression disease confirmation“®.

Delfau-Larue and colleagues conducted a retrospective study analyzing peripheral blood samples from 133
FL patients and discovered a correlation between cfDNA and total metabolic tumor volume (TMTV). They
found that when cfDNA exceeded 2550 equivalent-genome/ML, PFS was significantly lower. Similarly,
Sarkozy et al. identified ctDNA in 86% of FL patients, establishing it as a significant biomarker in MRD.



Their study also revealed that high levels of ctDNA at diagnosis were considered an independent prognostic
factor for PFS®L.

Next-generation sequencing-based assays

The high-throughput screening for mutations that aids in MRD assessment is made possible through next-
generation sequencing (NGS) assays. By providing a high number of reads across a genomic area of
interest, this method facilitates the sequencing of the immunoglobulin gene (IgNGS), evaluation of VDJ
rearrangements, and detection of somatic mutations by sequencing a specific panel of frequently mutated
genes through the Cancer Personalized Profiling by Deep Sequencing (CAPP-Seq)®?. The VDJ serve as a
distinctive identifier for an individual tumor and may work as an early indicator of disease recurrence. The
primary characteristic that sets it apart from PCR is its ability to identify unknown variants during screening
53

Oki et al. searched tumor-specific clonotypes using IgNGS, in 17 cHL patients, and reported an increased
sensitivity in finding lymphoma-specific sequences in serum vs peripheral blood mononuclear cells®*.

Kurtz et at. conducted a comparison between serum lactate dehydrogenase (LDH) and ctDNA detected by
IgNGS as a blood biomarker for disease burden in DLBCL. The study found that IgNGS had significant
superior sensitivity (88% 30/34) compared to LDH (59% 20/34) and superior specificity (100% 38/38)
compared to surveillance PET/CT (56% 18/32)%. In subsequent study, Kurtz et al. developed a model that
translated the relationship between changes in ctDNA using CAPP-seq assay, clinical outcome after two
cycles of chemotherapy, and ultimately radiographical relapse®. Rossi et al. also employed CAPP-seq to
assess clonal dynamics after R-CHOP treatment and persistence of mutations in cfDNA of refractory
patients*C,

In their study, Pott et al. utilized NGS techniques to evaluate MRD in 113 FL patients. They discovered that
identifying IgNGS clonotypes was a reliable MRD monitoring technique, like gPCR, which can complement
established MRD techniques®. Additionally, Ubieto et al. found in 29 FL patients that MRD positivity during
interim assessment or at end of therapy was associated with significantly lower PFS®’.

Digital-droplet PCR and quantitative PCR

Quantitative PCR (gPCR) and Digital-droplet PCR (ddPCR) are two PCR-based MRD detection techniques.
Both work by detecting tumor-specific DNA at a known locus. gPCR quantifies DNA by measuring the
number of amplification cycles needed for detection above background levels®®. On the other hand, ddPCR
is a modified version of the original PCR that dilutes DNA into thousands of small water-in-oil droplets for
guantification of low variant allele frequency mutations. This means that each droplet functions as an
individual qPCR reaction, enhancing its sensibility>°.

Camus et al conducted a retrospective study to examine the mutational profile of cHL in frozen ctDNA
samples of 28 patients at the end of treatment, using ddPCR analysis, confirmed by NGS. They identified 7
patients with a recurrent XPO1 E571 mutation, and 4 relapsed during follow-up. Interestingly, only 1 patient
had positive PET-CT scan, which shows that XPO1 E571 may be a more sensitive biomarker for disease
relapse than PET-CT.®

Liu et al. utilized qPCR in MCL and discovered that 12 of 21 MRD positive patients progressed within 3
years of follow-up, whereas only 4 of 18 that were MRD negative progressed. The detection of MRD in this
case predicted disease progression with hazard ratio of 3.75%. In contrast, Klener et al. studied 67 patients,
and did not observe any correlation between MRD status and PFS after induction therapy®. Szostakowska
et al. found that gPCR detection of SOX11 expression was more specific and useful than t(11;14), and
patients with higher SOX11 expression had shorter PFS than those with low SOX11 expression®. Finally,
Drandi et al. compared various MRD techniques and determined ddPCR to be more sensitive than gPCR at
positivity below quantitative range®*.

Delfau-Larue et al. utilized ddPCR to evaluate MRD and subsequent complete molecular remission in FL
patients at the end of therapy. They found these to relate to improved 3-year PFS®. In another study,
Cavalli et al. compared gPCR and ddPCR in detecting BCL2 rearrangement in 67 FL patients and
discovered that ddPCR was comparable to gPCR in assessing MRD and promisingly more accurate®®.
Galimberti et al. evaluated MRD through BCL2/IGH assessment using qPCR technique. They reported that
patients without MRD or low MRD had a higher complete remission rate and improved PFS at 12 and 24
months after the end of treatment®’.

Authors Lymphoma Sample size Timing of sampling Technique Results
Untreated and >2-log decline of ctDNA after 2
Spina et al*? cHL N=349 samples  relapsed/refractory after CIDNA NGS cycles associated to complete
ASCT guantified. metabolic response and cure.

Better than PET/CT.
N=121 baseline

Before, during and after CctDNA ' i .
Sobesky et al*® I-IV cHL N=7’;I?§|r|23v_u different chemotherapy sequencing MRD" and PE;/aCZegrOUp without
P regimens platform. pse.

samples




Camus et al*

Oki et al®

Camus et al®®

Parvez et al®

Assouline et
a|46

Roscheswki et
a|41

Scherer et al*’

Frank et al*®

Hossain et al*®

Kurtz et al®®

Kurtz et al®®

Rossi et al*°

Liu et al®*

Klener et al®?

Szostakowska
et al®®

Drandi et al®*

Delfau-Larue
et al*®

Sarkozy et al®*

Pott et al®®

Ubieto et al®’

Delfau-Larue
et al®®

Cavalli et al®®

Galimberti et

I-IV cHL

cHL

cHL

I-IV DLBCL

I-IV DLBCL

1I-IV DLBCL

DLBCL

DLBCL

DLBCL

DLBCL

DLBCL

Untreated
DLBCL

MCL

MCL

MCL

MCL

I-11l FL

FL

FL

FL

-1V FL

I-1Il FL

1I-1IV FL

N=60 patients

N=17 patients

N=94 patients

N = 82 patients

N=40 patients

N =980 + 578

serum samples

(surveillance +
interim)

N =116
patients

N = 72 patients

N = 6 patients

N =75 patients

N = 10 patients

N =50 patients

N = 39 patients
N = 67 patients

N = 34 patients

N =416
samples
N =133
patients

N = 34 patients

N =113
patients

N = 29 patients

N =222
patients

N = 67 patients

N =415

After chemotherapy

Time of diagnosis or
recurrence
Time of diagnosis and at
end of
chemo/radiotherapy

Not applicable

Immunotherapy

During chemotherapy

Before treatment

Before treatment

Before and after
immunotherapy

Before treatment and

after 4 cycles of
chemotherapy

Before, during and after
immunochemotherapy

Before, during and after
chemotherapy

Post-induction and post-
ASCT

After 3- and 6-cycles of
induction therapy

Diagnosis and during
treatment

Not mentioned

After chemotherapy

At diagnosis
At end of induction

After 4- and 6- cycles of
treatment

At screening and at week
24 after end of treatment

At diagnosis

At diagnosis, end of, 12

ctDNA NGS
quantified.

IgNGS

ddPCR

PET/ICT

ctDNA
ddPCR +
NGS
guantified

ctDNA NGS
quantified

ctDNA NGS
guantified

ctDNA PCR
guantified

ctDNA NGS
quantified

IgNGS

CtDNA NGS
guantified

NGS

gPCR

gPCR

SOX11 gPCR
detected
ddPCR

cfDNA
ddPCR
guantified

ctDNA NGS
guantified

NGS vs
qPCR

NGS
ddPCR
ddPCR vs

gPCR

gPCR

No difference between ctDNA
and PET DS 1-3 and DS 4-5.
Moderate correlation between
ctDNA and MTV.
More sensitive than PBMC (8 of
9vs 3 of 9).

XPO1 E571K detected in 25% of
patients. Tendency for shorter
PFS.

SUV3 and SUV6 predictors of
response. TLG volume
associated with residual disease
at the end of treatment

ctDNA detected in 96% of
patients. ctDNA increase linked
to lack of response to treatment.

998 of 1000 serum samples from
disease-free patients had
negative ctDNA; ctDNA also had
a median detection lead-time
3.5- and 7.4-months vs CT scan
(relapse and late recurrences).
ctDNA correlated with LDH and
MTV and independent factor
associated with PFS; ctDNA
detected prior to clinical relapse
in 8 of 11 patients, with a median
lead-time of 2 months; ctDNA
undetectable in healthy and
disease-free patients.
ctDNA detected at or before
relapse in 29 of 30 (94%)
patients; 15 of 17 patients who
had ctDNA detected on day 28
after treatment relapsed.

4 of 5 patients with increasing
ctDNA before progressive
disease and PET/CT recognition.
Superior sensitivity and
specificity vs LDH and PET/CT
(88% vs 59% and 100% vs
56%).

PR and CR associated with 2.9
log decrease in ctDNA
concentration. SD and PD
patients reported an increase of
0.3 log in ctDNA concentration.
Rapid clearance of DLBCL
mutations in cfDNA after R-
CHOP in responding patients.
12 of 21 (57%) MRD" progressed
in the 3-year follow-up vs 4 of 18
(18%) MRD'.

MRD not correlated with PFS
after induction treatment.
High SOX11 expression
associated with shorter PFS vs
low SOX11 expression (p=0.04)
ddPCR more sensitive vs gqPCR
at MRD* BOR (10* and 10%)
cfDNA > 2550 equivalent-
genome/mL correlated with
TMTV and < PFS
High levels of ctDNA found in
86% of patients, and found to be
independent factor for PFS
NGS comparable to gPCR in
assessing MRD
MRD significantly lower values at
CR vs AD. MRD" at interim or
end of treatment resulted in
inferior PFS.

MRD* at end of treatment
associated with significantly
lower PFS.
ddPCR potentially more accurate
than gPCR. Tumor burden
significantly correlated with PFS
when quantified by ddPCR.
MRD' status correlated with




al®” patients and 24 months after improved PFS in CR and PR.
treatment

Table 2. List of studies assessing measurable residual disease. cHL: classic lymphoma Hodgkin; ASCT: autologous stem-cell
transplant; ctDNA: circulating tumor DNA; NGS: next generation sequencing; MRD: measurable residual disease; DS: Deauville score;
MTV: metabolic tumor volume; PBMC: peripheral blood mononuclear cells; ddPCR: digital droplet PCR; MTV: metabolic tumor volume;
DLBCL: diffuse large B cell lymphoma; PFS: progression free survival; LDH: lactate dehydrogenase; PR: partial response; CR:
complete response; SD: stable disease; PD: progression disease; MCL: mantle cell lymphoma; gPCR: quantitative PCR; TMTV: total
metabolic tumor volume; BQR: below quantitative range; AD: active disease;

Discussion

The evaluation of MRD in lymphomas has become a crucial topic of clinical investigation due to the delay in
diagnosing clinical relapse and poorer prognosis associated to disease recurrence. The ability to identify
low-level disease before clinical manifestation is critical for enhancing chances of survival and it may allow
for a response evaluation that can translate in a timely implementation of salvage therapy, escalation/de-
escalation of therapy or change of treatment regimen.

PET/CT is widely employed as the standard procedure for assessing MRD. By detecting metabolically
active focal points throughout the body, it enables the precise identification of specific hotspots of disease
on an individual level. There was a limited amount of information available for new FDG-PET parameters.
SUV3, SUV6 and TLG might increase sensitivity for disease detection. Being able to outline tumor
morphology can be helpful for guiding tissue biopsy. Still, this method has low sensitivity for small volume
tumors. PET/CT's effectiveness is hindered by a high rate of false positives, the potential risk of radiation
exposure to patients, non-specificity in elevated FDG uptake, and its inability to detect low-level tumor
burden. Besides, its use in low metabolic rate lymphomas is questionable. The cutoffs used in the DS are
subjective and may result in inaccuracies when identifying and measuring disease recurrence.

Liquid biopsy, specifically through the analysis of ctDNA, offers several benefits. It is a non-invasive and
guantifiable tool that can be performed repeatedly over time, potentially aiding in the early detection of
refractory disease or relapse. It has shown potential in improving early detection of treatment failure and
disease relapse in aggressive B lymphomas, such as cHL and DLBCL. For cHL patients, ctDNA evaluation
has been associated with complete metabolic response and cure, and a >2-logarithm-fold decrease of
ctDNA load has been linked to successful outcomes. In DLBCL patients, ctDNA has been detected in a high
percentage of cases and its clearance has been associated with long-term remission. Furthermore, ctDNA
surveillance using IgNGS has demonstrated higher sensitivity compared to CT imaging, with a detection
lead-time of up to 7.4 months for late recurrences. For FL patients, cfDNA has been correlated with total
metabolic tumor volume and high levels of ctDNA at diagnosis have been identified as an independent
prognostic factor for PFS. These results may offer the possibility to associate PET/CT with seriated ctDNA
guantification. However, ctDNA constitutes only a fraction of the total cfDNA, and quantifying these small
amounts, and enhancing specificity pose significant challenges for current methods. A connection has been
observed between reduced levels of ctDNA and an enhanced metabolic response as well as improved PFS
in all lymphoma types. Nevertheless, there is no established threshold value for this measure. Moreover,
there is a pressing need to standardize ctDNA quantification and translate this novel biomarker into clinical
practice.

NGS assays allows for a dynamic evaluation of genetic landscape and clonal evolution during and after
treatment. IgNGS and CAPP-seq techniques have been used to detect tumor-specific clonotypes with
higher sensitivity and specificity than traditional methods. Identifying disease recurrence related to a specific
clonotype can provide valuable information for prompt and targeted treatment. However, it presents as a
time-consuming analysis, that requires expertise in the technical and difficult interpretation of the data.
Various studies have demonstrated that ddPCR is a more sensitive technique than gPCR in identifying
circulating biomarker, with the added benefits of cost-effectiveness, speed, and simplicity. Furthermore, the
studies utilized ddPCR technique to emphasize the potential of emerging, selective biomarkers, such as
XPO1 E571 and SOX11 expression, as sensitive predictors of disease recurrence in cHL and MCL,
respectively. ddPCR is believed to be a powerful tool in somatic mutation detection, but several drawbacks
have been cited, including its inability to detect MRD in instances where there is mutation-negative clone
during relapse, limited capacity to identify MRD due to small amounts of cfDNA available, and a
requirement for standardization to assess its sensitivity, specificity, and reproducibility.

This study has several limitations, mainly that it predominantly included observational studies, and some of
them were subject to selection bias due to the unavailability to retrieve some individual samples (either
before or after treatment, for example). The risk of confounding bias exists in several studies as they
analyzed samples from patients with varying stages of disease and different treatment regimens.
Additionally, several studies had a small sample size, which increases the risk of bias.

The mentioned studies demonstrate the potential of using these techniques in conjunction with established
imaging methods for MRD assessment. Despite all technical issues linked to each approach, it remains
limited understanding regarding the optimal treatment alternative for patients who present MRD. Larger,
randomized controlled studies are necessary to clearly establish the superiority of these techniques over
current MRD evaluation methods. Additionally, better standardization, clinical interpretation of results, and
improved support for MRD-positive patients are also in need.



References

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Yung L, Linch D. Hodgkin’s lymphoma. The Lancet. 2003;361(9361):943-951.
doi:10.1016/S0140-6736(03)12777-8

Greaves P, Clear A, Coutinho R, et al. Expression of FOXP3, CD68, and CD20 at
diagnosis in the microenvironment of classical hodgkin lymphoma is predictive of outcome.
Journal of Clinical Oncology. 2013;31(2):256-262. d0i:10.1200/JC0.2011.39.9881

Pinkus GS, Said JW. Nodular-Further Evidencefor a B Cell Derivation L & H Variants
OfReed-Sternberg Cells Express L26, a Pan B Cell Marker. Vol 133.; 1988.

Eichenauer DA, Aleman BMP, André M, et al. Hodgkin lymphoma: ESMO Clinical Practice
Guidelines for diagnosis, treatment and follow-up. Annals of Oncology. 2018;29:iv19-iv29.
doi:10.1093/annonc/mdy080

Cheson BD, Fisher RI, Barrington SF, et al. Recommendations for initial evaluation,
staging, and response assessment of hodgkin and non-hodgkin lymphoma: The lugano
classification. Journal of Clinical Oncology. 2014;32(27):3059-3067.
doi:10.1200/JC0.2013.54.8800

Barrington SF, Mikhaeel NG, Kostakoglu L, et al. Role of imaging in the staging and
response assessment of lymphoma: Consensus of the international conference on
malighant lymphomas imaging working group. Journal of Clinical Oncology.
2014;32(27):3048-3058. d0i:10.1200/JC0.2013.53.5229

Cohen JB, Behera M, Thompson CA, Flowers CR. Evaluating surveillance imaging for
diffuse large B-cell lymphoma and Hodgkin lymphoma. Blood. 2017;129(5):561-564.
doi:10.1182/blood-2016-08-685073

Brice P, de Kerviler E, Friedberg JW. Classical Hodgkin lymphoma. The Lancet.
2021;398(10310):1518-1527. d0i:10.1016/S0140-6736(20)32207-8

Teras LR, DeSantis CE, Cerhan JR, Morton LM, Jemal A, Flowers CR. 2016 US lymphoid
malighancy statistics by World Health Organization subtypes. CA Cancer J Clin.
2016;66(6):443-459. doi:10.3322/caac.21357

Li S, Young KH, Medeiros LJ. Diffuse large B-cell lymphoma. Pathology. 2018;50(1):74-87.
doi:10.1016/j.pathol.2017.09.006

Yao Z, Deng L, Xu-Monette ZY, et al. Concordant bone marrow involvement of diffuse large
B-cell ymphoma represents a distinct clinical and biological entity in the era of
immunotherapy. Leukemia. 2018;32(2):353-363. do0i:10.1038/leu.2017.222

Korkolopoulou P, Vassilakopoulos T, Milionis V, loannou M. Recent Advances in
Aggressive Large B-cell Lymphomas: A Comprehensive Review. Adv Anat Pathol.
2016;23(4):202-243. doi:10.1097/PAP.0000000000000117

Tilly H, Gomes da Silva M, Vitolo U, et al. Diffuse large B-cell ymphoma (DLBCL): ESMO
Clinical Practice Guidelines for diagnosis, treatment and follow-up. Annals of Oncology.
2015;26:vii78-vii82. doi:10.1093/annonc/mdv304

Chaganti S, lllidge T, Barrington S, et al. Guidelines for the management of diffuse large B-
cell lymphoma. Br J Haematol. 2016;174(1):43-56. doi:10.1111/bjh.14136

Mounier M, Bossard N, Remontet L, et al. Changes in dynamics of excess mortality rates
and net survival after diagnosis of follicular lymphoma or diffuse large B-cell lymphoma:
comparison between European population-based data (EUROCARE-5). Lancet Haematol.
2015;2(11):e481-e491. doi:10.1016/S2352-3026(15)00155-6

Carbone A, Roulland S, Gloghini A, et al. Follicular lymphoma. Nat Rev Dis Primers.
2019;5(1). doi:10.1038/s41572-019-0132-x

Ferrero S, Drandi D, Mantoan B, Ghione P, Omedeé P, Ladetto M. Minimal residual disease
detection in lymphoma and multiple myeloma: impact on therapeutic paradigms. Hematol
Oncol. 2011;29(4):167-176. doi:10.1002/hon.989

Dreyling M, Ghielmini M, Rule S, et al. Newly diagnosed and relapsed follicular lymphoma:
ESMO Clinical Practice Guidelines for diagnosis, treatment and follow-up. Annals of
Oncology. 2021;32(3):298-308. do0i:10.1016/j.annonc.2020.11.008

Jain P, Wang M. Mantle cell lymphoma: 2019 update on the diagnosis, pathogenesis,
prognostication, and management. Am J Hematol. 2019;94(6):710-725.
doi:10.1002/ajh.25487

Martin P, Chadburn A, Christos P, et al. Outcome of Deferred Initial Therapy in Mantle-Cell
Lymphoma. Journal of Clinical Oncology. 2009;27(8):1209-1213.



21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

doi:10.1200/JC0.2008.19.6121

Herrera AF, Armand P. Minimal Residual Disease Assessment in Lymphoma: Methods and
Applications. Journal of Clinical Oncology. 2017;35(34):3877-3887.
doi:10.1200/JC0.2017.74.5281

Hapgood G, Zheng Y, Sehn LH, et al. Evaluation of the Risk of Relapse in Classical
Hodgkin Lymphoma at Event-Free Survival Time Points and Survival Comparison With the
General Population in British Columbia. Journal of Clinical Oncology. 2016;34(21):2493-
2500. doi:10.1200/JC0.2015.65.4194

Nabhan C, Smith SM, Cifu AS. Surveillance Imaging in Patients in Remission From
Hodgkin and Diffuse Large B-Cell Lymphoma. JAMA. 2016;315(19):2115.
doi:10.1001/jama.2016.4913

le Gouill S, Thieblemont C, Oberic L, et al. Rituximab after Autologous Stem-Cell
Transplantation in Mantle-Cell Lymphoma. New England Journal of Medicine.
2017;377(13):1250-1260. doi:10.1056/NEJM0al701769

Jung D, Jain P, Yao Y, Wang M. Advances in the assessment of minimal residual disease
in mantle cell ymphoma. J Hematol Oncol. 2020;13(1):127. doi:10.1186/s13045-020-
00961-8

Dreyling M, Campo E, Hermine O, et al. Newly diagnosed and relapsed mantle cell
lymphoma: ESMO Clinical Practice Guidelines for diagnosis, treatment and follow-up.
Annals of Oncology. 2017;28:iv62-iv71. doi:10.1093/annonc/mdx223

Dreyling M, Ghielmini M, Rule S, et al. Newly diagnosed and relapsed follicular lymphoma:
ESMO Clinical Practice Guidelines for diagnosis, treatment and follow-up. Annals of
Oncology. 2021;32(3):298-308. d0i:10.1016/j.annonc.2020.11.008

Sterne J, Herndn M, McAleenan A, Reeves B, Higgins J. Chapter 25: Assessing risk of bias
in a non-randomized study. In: Higgins J, Tomas J, Chandler J, et al., eds. Cochrane
Handbook for Systematic Reviews of Interventions Version 6.3 (Updated February 2022).
Cochrane; 2022.

Meignan M, Itti E, Gallamini A, Younes A. FDG PET/CT imaging as a biomarker in
lymphoma. Eur J Nucl Med Mol Imaging. 2015;42(4):623-633. doi:10.1007/s00259-014-
2973-6

El-Galaly TC, Villa D, Gormsen LC, Baech J, Lo A, Cheah CY. FDG-PET/CT in the
management of lymphomas: current status and future directions. J Intern Med.
2018;284(4):358-376. doi:10.1111/joim.12813

Zhou M, Chen Y, Huang H, Zhou X, Liu J, Huang G. Prognostic value of total lesion
glycolysis of baseline 18F-fluorodeoxyglucose positron emission tomography/computed
tomography in diffuse large B-cell ymphoma. Oncotarget. 2016;7(50):83544-83553.
doi:10.18632/oncotarget.13180

Jiang C, Teng Y, Zheng Z, Zhou Z, Xu J. Value of total lesion glycolysis and cell-of-origin
subtypes for prognostic stratification of diffuse large B-cell ymphoma patients. Quant
Imaging Med Surg. 2021;11(6):2509-2520. doi:10.21037/qims-20-1166

Cheson BD, Meignan M. Current Role of Functional Imaging in the Management of
Lymphoma. Curr Oncol Rep. 2021;23(12). doi:10.1007/s11912-021-01127-6

Parvez A, Tau N, Hussey D, Maganti M, Metser U. 18F-FDG PET/CT metabolic tumor
parameters and radiomics features in aggressive non-Hodgkin’s lymphoma as predictors of
treatment outcome and survival. Ann Nucl Med. 2018;32(6):410-416. doi:10.1007/s12149-
018-1260-1

Leon S., Shapiro B., Sklaroff D, Yaros M. Free DNA in the serum of cancer patients and the
effect of therapy. Cancer Res. 1977;37(3):646-650.

Newman AM, Bratman S v., To J, et al. An ultrasensitive method for quantitating circulating
tumor DNA with broad patient coverage. Nat Med. 2014;20(5):548-554.
doi:10.1038/nm.3519

Aldinucci D, Celegato M, Borghese C, Colombatti A, Carbone A. IRF4 silencing inhibits
Hodgkin lymphoma cell proliferation, survival and CCL5 secretion. Br J Haematol.
2011;152(2):182-190. doi:10.1111/j.1365-2141.2010.08497 .x

Salaverria I, Philipp C, Oschlies I, et al. Translocations activating IRF4 identify a subtype of
germinal center-derived B-cell lymphoma affecting predominantly children and young
adults. Blood. 2011;118(1):139-147. doi:10.1182/blood-2011-01-330795

Kurtz DM, Scherer F, Newman AM, et al. Dynamic Noninvasive Genomic Monitoring for
Outcome Prediction in Diffuse Large B-Cell Lymphoma. Blood. 2015;126(23):130-130.



40.

41.

42.

43.

44,

45,

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

doi:10.1182/blood.v126.23.130.130

Rossi D, Diop F, Spaccarotella E, et al. Diffuse large B-cell ymphoma genotyping on the
liquid biopsy. Blood. 2017;129(14):1947-1957. doi:10.1182/blood-2016-05

Roschewski M, Dunleavy K, Pittaluga S, et al. Circulating tumour DNA and CT monitoring
in patients with untreated diffuse large B-cell lymphoma: A correlative biomarker study.
Lancet Oncol. 2015;16(5):541-549. doi:10.1016/S1470-2045(15)70106-3

Spina V, Bruscaggin A, Cuccaro A, et al. Circulating tumor DNA reveals genetics, clonal
evolution, and residual disease in classical Hodgkin lymphoma. Blood. 2018;131(22):2413-
2425. doi:10.1182/blood-2017-11-812073

Sobesky S, Mammadova L, Cirillo M, et al. In-depth cell-free DNA sequencing reveals
genomic landscape of Hodgkin’s lymphoma and facilitates ultrasensitive residual disease
detection. Med. 2021;2(10):1171-1193.e11. doi:10.1016/j.med}.2021.09.002

Camus V, Viennot M, Lequesne J, et al. Targeted genotyping of circulating tumor DNA for
classical Hodgkin lymphoma monitoring: A prospective study. Haematologica.
2021;106(1):154-162. doi:10.3324/haematol.2019.237719

Camus V, Jardin F, Tilly H. The value of liquid biopsy in diagnosis and monitoring of diffuse
large b-cell ymphoma: recent developments and future potential. Expert Rev Mol Diagn.
2017;17(6):557-566. doi:10.1080/14737159.2017.1319765

Assouline SE, Nielsen TH, Yu S, et al. Phase 2 study of panobinostat with or without
rituximab in relapsed diffuse large B-cell lymphoma. Blood. 2016;128(2):185-194.
doi:10.1182/blood-2016-02-699520

Scherer F, Kurtz DM, Newman AM, et al. Distinct biological subtypes and patterns of
genome evolution in lymphoma revealed by circulating tumor DNA. Sci Transl Med.
2016;8(364). doi:10.1126/scitranslmed.aai8545

Frank MJ, Hossain NM, Bukhari A, et al. Monitoring of Circulating Tumor DNA Improves
Early Relapse Detection After Axicabtagene Ciloleucel Infusion in Large B-Cell Lymphoma:
Results of a Prospective Multi-Institutional Trial. Journal of Clinical Oncology.
2021;39(27):3034-3043. doi:10.1200/JC0O.21.00377

Hossain NM, Dahiya S, Le R, et al. Circulating tumor DNA assessment in patients with
diffuse large B-cell ymphoma following CAR T-cell therapy. Leuk Lymphoma.
2019;60(2):503-506. doi:10.1080/10428194.2018.1474463

Delfau-Larue MH, Van Der Gucht A, Dupuis J, et al. Total metabolic tumor volume,
circulating tumor cells, cell-free DNA: Distinct prognostic value in follicular lymphoma.
Blood Adv. 2018;2(7):807-816. doi:10.1182/bloodadvances.2017015164

Sarkozy C, Huet S, Carlton VEH, et al. The Prognostic Value of Clonal Heterogeneity and
Quantitative Assessment of Plasma Circulating Clonal IG-VDJ Sequences at Diagnosis in
Patients with Follicular Lymphoma. www.impactjournals.com/oncotarget

Maco M, Kupcova K, Herman V, et al. Circulating tumor DNA in Hodgkin lymphoma. Ann
Hematol. 2022;101(11):2393-2403. d0i:10.1007/s00277-022-04949-x

Kwok M, Wu SP, Mo C, Summers T, Roschewski M. Circulating Tumor DNA to Monitor
Therapy for Aggressive B-Cell Lymphomas. Curr Treat Options Oncol. 2016;17(9).
doi:10.1007/s11864-016-0425-1

Oki Y, Neelapu SS, Fanale M, et al. Detection of classical Hodgkin lymphoma specific
sequence in peripheral blood using a next-generation sequencing approach. Br J
Haematol. 2015;169(5):689-693. doi:10.1111/bjh.13349

Kurtz DM, Green MR, Bratman S V., et al. Noninvasive monitoring of diffuse large B-cell
lymphoma by immunoglobulin high-throughput sequencing. Blood. 2015;125(24):3679-
3687. doi:10.1182/blood-2015-03-635169

Pott C, Knecht H, Herzog A, et al. Standardized IGH-Based Next-Generation Sequencing
for MRD Detection in Follicular Lymphoma. Published online 2017.
doi:10.1182/blood.V130.Suppl_1.1491.1491

Jiminez Ubieto Al, Heredia Y, de la Rosa JM, et al. Minimal Residual Disease Monitoring
from Liquid Biopsy By Next Generation Sequencing in Follicular Lymphoma Patients.
Blood. 2020;136(Supplement 1):31-33. doi:10.1182/blood-2020-139256

Lakhotia R, Roschewski M. Circulating tumour DNA in B-cell ymphomas: current state and
future prospects. Br J Haematol. 2021;193(5):867-881. doi:10.1111/bjh.17251

Hudecova I. Digital PCR analysis of circulating nucleic acids. Clin Biochem.
2015;48(15):948-956. doi:10.1016/j.clinbiochem.2015.03.015

Camus V, Stamatoullas A, Mareschal S, et al. Detection and prognostic value of recurrent



61.

62.

63.

64.

65.

66.

67.

exportin 1 mutations in tumor and cell-free circulating DNA of patients with classical
Hodgkin lymphoma. Haematologica. 2016;101(9):1094-1101.
doi:10.3324/haematol.2016.145102

Liu H, Johnson JL, Koval G, et al. Detection of minimal residual disease following Induction
Immunochemotherapy predicts progression free survival in mantle cell lymphoma: Final
results of CALGB 59909. Haematologica. 2012;97(4):579-585.
doi:10.3324/haematol.2011.050203

Klener P, Fronkova E, Kalinova M, et al. Potential loss of prognostic significance of minimal
residual disease assessment after R-CHOP-based induction in elderly patients with mantle
cell ymphoma in the era of rituximab maintenance. Hematol Oncol. 2018;36(5):773-778.
doi:10.1002/hon.2550

Szostakowska M, Szymczyk M, Badowska K, Tudek B, Fabisiewicz A. SOX11 expression
as a MRD molecular marker for MCL in comparison with t(11;14) and IGH rearrangement.
Medical Oncology. 2018;35(4). doi:10.1007/s12032-018-1111-x

Drandi D, Alcantara M, Benmaad I, et al. Droplet digital PCR quantification of mantle cell
lymphoma follow-up samples from four prospective trials of the european MCL network.
Hemasphere. 2020;4(2). doi:10.1097/HS9.0000000000000347

Delfau-Larue MH, Boulland ML, Beldi-Ferchiou A, et al. Lenalidomide/rituximab induces
high molecular response in untreated follicular lymphoma: LYSA ancillary RELEVANCE
study. Blood Adv. 2020;4(14):3217-3223. doi:10.1182/bloodadvances.2020001955

Cavalli M, De Novi LA, Della Starza I, et al. Comparative analysis between RQ-PCR and
digital droplet PCR of BCL2/IGH gene rearrangement in the peripheral blood and bone
marrow of early stage follicular lymphoma. Br J Haematol. 2017;177(4):588-596.
doi:10.1111/bjh.14616

Galimberti S, Luminari S, Ciabatti E, et al. Minimal residual disease after conventional
treatment significantly impacts on progression-free survival of patients with follicular
lymphoma: The FIL FOLLOS trial. Clinical Cancer Research. 2014;20(24):6398-6405.
doi:10.1158/1078-0432.CCR-14-0407



PRISMA 2009 Checklist

Reported on

Section/topic Checklist item SR EIE
paragraph/
table #

TITLE

Title Identify the report as a systematic review, meta-analysis, or both. - MANDATORIO 1

ABSTRACT

Structured summary Provide a structured summary including, as applicable: background; objectives; data sources; study eligibility 4.1

criteria, participants, and interventions; study appraisal and synthesis methods; results; limitations; conclusions and
implications of key findings; systematic review registration number. - SEGUIR RECOMENDACOES DA REVISTA

INTRODUCTION

Rationale Describe the rationale for the review in the context of what is already known. - MANDATORIO 5,4

O rationale corresponde a justificacdo da importancia da revisdo sistematica

Objectives Provide an explicit statement of questions being addressed with [eference to participants, interventions, 6,4

comparisons, outcomes, and study design (PICOS). - MANDATORIO

METHODS

Protocol and registration Indicate if a review protocol exists, if and where it can be accessed (e.g., Web address), and, if available, provide N/A uma vez

registration information including registration number. - FACULTATIVO que nao foi
usado
protocolo de
revisao

Eligibility criteria Specify study characteristics (e.g., PICOS, length of follow-up) and report characteristic§ (e.g., years considered, 6,5

language, publication status) used as criteria for eligibility, giving rationale. — MANDATORIO
E altamente recomendado, de acordo com as boas préaticas da Cochrane, que n&o sejam aplicados
critérios de excluséo baseados nalingua e/ou data de publicacdo dos estudos.
Information sources Describe all information sources (e.g., databases with dates of coverage, contact with study authors to identify 6,5

additional studies) in the search and date last searched. - MANDATORIO

Em consonancia com as boas praticas da Cochrane, € mandatério que se verifique pesquisa em pelo
menos duas bases de pesquisa bibliogréfica (idealmente, deverdo ser pesquisadas duas bases
generalistas e uma especifica da area). No caso de revisdes sisteméaticas de estudos
experimentais/ensaios clinicos aleatorizados, é altamente recomendado que uma das bases pesquisadas
corresponda a CENTRAL ou a bases de ensaios clinicos como a ClinicalTrials.gov.

Estudos de revisdo da literatura em que a pesquisa decorra numa uUnica base de dados néo seréo
classificados como revisdes sisteméaticas.




& PRISMA 2009 Checklist

Search

Present full electronic search strategy for at least one database, including any limits used, such that it could be
repeated. - MANDATORIO

A query de pesquisa deve ser obrigatoriamente disponibilizada. A utilizacao de filtros de pesquisa da
InterTASC é altamente recomendada (https://sites.google.com/alyork.ac.uk/issg-search-filters-
resource/home)

6,5

Study selection

State the process for selecting studies (i.e., screening, eligibility, included in systematic review, and, if applicable,
included in the meta-analysis). - MANDATORIO

As fases de seleccdo dos estudos primarios devem ser descritas. Em consonancia com as boas praticas
da Cochrane, é mandatoério que o processo de seleccdo envolva duas fases (fase de rastreio, em que 0s

registos sdo seleccionados por titulo e abstract, e fase de inclusao, na qual se procede a leitura integral

dos full texts). Em cada uma destas fases, o processo de selec¢cdo deve mandatoriamente envolver dois

investigadores actuando de forma independente.

6,5

Data collection process

10

Describe method of data extraction from reports (e.g., piloted forms, independently, in duplicate) and any processes
for obtaining and confirming data from investigators. - MANDATORIO

Trata-se de descrever de que forma se procedeu a extracgado de dados dos estudos primarios. Em
consonancia com as boas praticas da Cochrane, tal processo deveré envolver dois investigadores de
forma independente.

6,5

Data items

11

List and define all variables for which data were sought (e.g., PICOS, funding sources) and any assumptions and
simplifications made. — MANDATORIO

Trata-se de descrever as variaveis para as quais foi obtida informacéao.

6,5

Risk of bias in individual
studies / Risk of bias across
studies

12/
15

Describe methods used for assessing risk of bias of individual studies (including specification of whether this was
done at the study or outcome level), and how this information is to be used in any data synthesis. - MANDATORIO

Em todas as revisfes sistematicas, devera existir um processo de avaliagdo da qualidade dos estudos
primarios. No caso de revisdes sisteméticas de estudos experimentais/ensaios clinicos aleatorizados, a
aplicacédo dos critérios de risco de viés (Risk of Bias) da Cochrane é altamente recomendada. No caso de
revisdes sisteméticas de estudos observacionais, poderdo ser seguidos os critérios ROBINS ou os
critérios dos National Institutes of Health (https://www.nhlbi.nih.gov/health-topics/study-quality-
assessment-tools).

6,5

Summary measures

13

State the principal summary measures (e.g., risk ratio, difference in means). - FACULTATIVO. APENAS
NECESSARIO SE FOR FEITA META-ANALISE

N/A, uma
vez que a
revisao nao
se
acompanhou
de meta-
analise

Synthesis of results

14

Describe the methods of handling data and combining results of studies, if done, including measures of consistency
(e.g., 13 for each meta-analysis. — FACULTATIVO. APENAS NECESSARIO SE FOR FEITA META-ANALISE

N/A, uma
vez que a
revisao nao
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se
acompanhou
de meta-
analise
Additional analyses 16 | Describe methods of additional analyses (e.g., sensitivity or sul?group analyses, meta-regression), if done,, N/A, uma
indicating which were pre-specified. - FACULTATIVO. APLICAVEL APENAS SE FOR FEITA META-ANALISE vez que a
revisao néo
se
acompanhou
de meta-
analise
RESULTS
Study selection 17 | Give numbers of studies screened, assessed for eligibility, and included in the review, with reasons for exclusions 6,5, fig 1.
at each stage, ideally with a flow diagram. — MANDATORIO
Study characteristics 18 | For each study, present characteristics for which data were extracted (e.g., study size, PICOS, follow-up period) 8-9, table 2.
and provide the citations. - MANDATORIO
Risk of bias within and 19/ | Present data on risk of bias of each study and, if available, any outcome level assessment (see item 12). — 8-9
across studies 22 | MANDATORIO
Results of individual studies 20 | For all outcomes considered (benefits or harms), present, for each study: (a) simple summary data for each N/A, uma
intervention group (b) effect estimates and confidence intervals, ideally with a forest plot. - FACULTATIVO. vez que a
APLICAVEL APENAS SE FOR FEITA META-ANALISE revisio n3o
se
acompanhou
de meta-
analise
Synthesis of results 21 | Present results of each meta-analysis done, including confidence intervals and measures of consistency. — N/A, uma
FACULTATIVO. MANDATORIO APENAS SE FOR FEITA META-ANALISE vez que a
revisao néo
se
acompanhou
de meta-
analise
Additional analysis 23 | Give results of additional analyses, if done (e.g., sensitivity or subgroup analyses, meta-regression [see Item 16]). — | N/A, uma
FACULTATIVO. APLICAVEL APENAS SE FOR FEITA META-ANALISE vez que a

revisao nao
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se
acompanhou
de meta-
analise
DISCUSSION
Summary of evidence 24 | Summarize the main findings including the strength of evidence for each main outcome; consider their relevance to 10,(1,2,3,4,5)
key groups (e.g., healthcare providers, users, and policy makers). = MANDATORIO
Limitations 25 | Discuss limitations at study and outcome level (e.g., risk of bias), and at review-level (e.g., incomplete retrieval of 10,6
identified research, reporting bias). - MANDATORIO
Conclusions 26 | Provide a general interpretation of the results in the context of other evidence, and implications for future research. | 10,7
— MANDATORIO
FUNDING
Funding 27 | Describe sources of funding for the systematic review and other support (e.g., supply of data); role of funders for N/A, uma
the systematic review. — SEGUIR RECOMENDACOES DA REVISTA vez que a
revisdo nao

teve fundos

From: Moher D, Liberati A, Tetzlaff J,
doi:10.1371/journal.pmed1000097

Altman DG, The PRISMA Group (2009). Preferred Reporting Items for Systematic Reviews and Meta-Analyses: The PRISMA Statement. PLoS Med 6(7): e1000097.

For more information, visit: www.prisma-statement.org.
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Regras de Formatagdo
Revisdes Sistemdticas e Meta-Andlises

As revisodes sistemdaticas podem ou ndo utilizar métodos estatisticos
(meta-andlises) para analisar e resumir os resultados dos estudos
incluidos.

As Revisbes Sistemdaticas podem ser apresentadas no formato
Introduc@o, Métodos, Resultados, Discussdo, (Conclus@o?). O assunto
deve ser claramente definido. O objetivo de uma revis@o sistematica
deve ser produzir uma conclusGo baseada em evidéncia. Nos
Métodos deve ser fornecida uma indicagdo clara da estratégia de
pesquisa da literatura, extragcdo de dados, classificagdo das
evidéncias e andlise. Deve ser seguida a normativa PRISMA (http://
www.prisma-statement.org/) e realizado o registo do protocolo na
PROSPERO (https://www.crd.york.ac.uk/prospero). E exigido resumo
estruturado que espelhe fielmente o corpo do manuscrito.

Palavras: maximo 4000 palavras (excluindo resumo, figuras e
tabelas).

Resumo: maximo 350 palavras.

Figuras/Tabelas: maximo 6. As figuras ndo deverdo ser compostas
por mais do que seis imagens cada uma.

Referéncias: méximo 100.


http://www.prisma-statement.org/
http://www.prisma-statement.org/
https://www.crd.york.ac.uk/prospero

