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Evidence Summary 27-4

Positron Emission Tomography in Hodgkin Lymphoma Patients
Undergoing Curative-Intent Treatment: Evidence Summary

THE PROGRAM IN EVIDENCE-BASED CARE

The Program in Evidence-Based Care (PEBC) is an initiative of the Ontario provincial
cancer system, Cancer Care Ontario (CCO). The PEBC mandate is to improve the lives of
Ontarians affected by cancer through the development, dissemination, and evaluation of
evidence-based products designed to facilitate clinical, planning, and policy decisions about
cancer control.

The PEBC is a provincial initiative of CCO supported by the Ontario Ministry of Health
and Long-Term Care (OMHLTC). All work produced by the PEBC is editorially independent
from the OMHLTC.

INTRODUCTION

Lymphoma is a cancer that affects the network of organs and nodes that comprises the
body’s immune system, known as the lymph system [1]. There are two main categories of
lymphoma: Hodgkin lymphoma (HL) and non-Hodgkin lymphoma (NHL). Treatment schema and
outcomes differ between HL and NHL; therefore, this work focuses on HL.

HL has two major subtypes, classical HL and nodular lymphocyte-predominant HL, of
which the former subtype accounts for the majority of cases (95%), and is also the focus of
the current work. Furthermore, classical HL can be additionally divided into four entities
including nodular sclerosis, mixed cellularity, lymphocyte depletion, and lymphocyte-rich.
The five-year survival and prognosis of HL is approximately 80% [2].

In Canada, only among women does HL rank as one of the top 20 cancers (20": 0.5%) in
terms of the number of new cases of cancer among all new cases of cancer. HL is relatively
less frequent among men. HL does not appear in the top 20 causes of death due to cancer as
a result of having a high cure rate with modern day therapies. The age-standardized
incidence rate of HL is 2.8 per 100,000 [3].

POSITRON EMISSION TOMOGRAPHY

Technology

Positron emission tomography (PET) is a functional imaging technique that allows
localization and characterization of tumour metabolism. This is accomplished through the use
of a radiolabeled glucose analogue, '*F-fluorodeoxyglucose (FDG), which is transported into
and trapped in neoplastic tissue through cell surface glucose transporters. More recently, co-
registration of PET and computed tomography (CT) (PET/CT) has emerged as a powerful new
hybrid modality that allows more accurate localization of lymphoma and quantification of
lymphoma metabolism [4].

Key Relationships: Biology, Treatment and Interpretive Criteria

Interpretation of FDG-PET scans or FDG-PET/CT scans (PET is used interchangeably
with FDG-PET/CT and FDG-PET) can be complex due to a number of factors including the
application or choice of interpretive criteria, as well as factors related to the biological
response of lymphoma over the course of therapy.

Considering the abovementioned tracer, the biological functionality of FDG in
lymphoma is such that its uptake is expected to decline with effective therapy in



chemotherapy-sensitive lymphoma patients. However, the biological response of lymphoma
and corresponding treatment effectiveness are intimately linked with the PET interpretive
criteria that are used in the assessment of disease status. A number of methods of PET
interpretation criteria are currently in use, including absolute quantitative thresholds for
lymphoma metabolism or comparison of lymphoma metabolic activity to that in normal
structures such as the mediastinum or liver. Most interpretive criteria are considered
qualitative (i.e., binary: 0 [disease absence] and 1 [disease presence]; or ranked on a scale:
1-5 such as in the Deauville [five-point)] criteria, with higher scores indicating increasing
likelihood of lymphoma). Combining visual analysis of PET imaging with the choice of
interpretive criteria lends itself to variation in the accuracy of the lymphoma status for
patients [5]. FDG uptake not related to the presence of lymphoma (sometimes referred to as
false-positive FDG uptake) may occur for a number of other biological or technical factors
such as treatment-related inflammation or timing of imaging. A fundamental principle of
imaging is that assessment of disease status is performed with consideration of inflammatory
processes that may lead to erroneous results [6]. Residual uptake in tumours responsive to
therapy (e.g., due to post-therapy inflammation) has led to a practice pattern that suggests
that end-of-treatment PET scans should be performed at a minimum of three weeks (up to six
to eight weeks) after the completion of therapy, and that mid-treatment PET scans should be
performed just prior to the next chemotherapy cycle [5]. The proposed timing of mid-
treatment and end-of-treatment PET scanning is summarized in Appendix 1.

In summary, the relationships among lymphoma biology, treatment, and interpretive
criteria in lymphoma are complex. The measurement of viable lymphomatous masses using
PET technology during the course of induction chemotherapy reflects the chemo-sensitivity of
lymphoma, which may be influenced by a number of heterogeneity factors including
lymphoma subtypes, chemotherapy regimens, and the timing of scans. Moreover, the criteria
used to interpret the scans and the timing of the study can also affect the apparent impact of
treatment on the lymphoma [7].

CLINICAL AND BIOLOGICAL RATIONALE

PET imaging in lymphoma can be performed at multiple time points along the
continuum of care for lymphoma patients, such as: (i) to stage disease prior to initiating
treatment; (ii) when patients are undergoing first-line treatment where use of PET imaging is
to monitor mid-treatment response (‘interim PET’); (iii) at the point in time when re-staging
of disease is necessary such as after the completion of treatment or end of treatment (‘final’
or ‘end-of-treatment’ PET); and (iv) to detect disease recurrence or relapse among survivors
of lymphoma.

Interim PET is aimed at predicting the outcome of a given therapy regime. Early
(interim) PET offers a window into the chemo-sensitivity of the lymphoma with the goal of
determining whether patients are potential responders to therapy. This information can then
be used to alter treatment or to examine alternative strategies to improve complete
remissions early in the course of therapy. Information obtained from interim PET scans can
avoid potential under-treatment and the risk of relapse, or over-treatment and exposure to
unnecessary toxicity and complications [8]. In contrast, when PET is conducted upon the
completion of treatment, the aim of its use is to determine remission and residual disease
status [6]. In HL, where cure is the goal of front-line therapy, a complete response with a
“negative” PET scan is the desired outcome [9].

Due to the sensitivity of PET to key relationships (biological processes and treatment
response), use of interim or final PET may better identify patients who would benefit from
adaptive treatment or altered clinical management (i.e., positive or negative scan status).
For interim PET status, this may include escalating or de-escalating therapy or investigational



approaches. For final PET status, this may include additional treatment (e.g., radiation
therapy), biopsy, or repeat scans. However, the prognostic value of PET may depend on the
stage of disease, timing of imaging, and chemotherapy regime [10].

CURRENT STATUS OF TECHNOLOGY IN ONTARIO

Since October 1, 2009, Ontario’s evidence-based PET program has provided support for
PET scanning through a combination of publicly insured and funded uninsured services,
depending on the specific clinical scenario (PET Scans Ontario: www.petscansontario.ca). For
lymphoma, PET is an insured service indicated for the evaluation of residual mass(es)
following chemotherapy in a patient with HL or NHL when further potentially curative therapy
(such as radiation or stem cell transplantation) is being considered; or for the assessment of
response in early stage HL following two or three cycles of chemotherapy when chemotherapy
is being considered as the definitive single modality therapy. This is aligned with published
PEBC work, where it was recommended that a FDG-PET/CT scan be performed for the
assessment of early response in early stage (I or Il) HL following two or three cycles of
chemotherapy when chemotherapy is being considered as the definitive single-modality
therapy, to inform completion of therapy or if more therapy is warranted [11]. These
recommendations are further echoed in the PEBC PET monitoring reports [12] (Appendix 2).
According to recently published PEBC work in HL, the use of a negative interim PET scan to
identify patients with early stage HL for whom radiotherapy can be omitted without a
reduction in progression-free survival is not recommended [13].

When using PET, the current standard of clinical practice is to “wait as long as
possible” after treatment before performing a scan (interim or final) considering what is
known about the key relationships in lymphoma: biological response and treatment. However,
the exact time interval to “wait” is ambiguous and in practice standardization may be
difficult to achieve for a number of patient, institutional, or treatment factors including
individual patient treatment plans as to “when” they may be eligible for a PET scan and PET
scan availability/booking schedules. In addition, some patients may travel significant
distances for their PET scan, further complicating scheduling. These limitations potentially
contribute to clinical practice variation, possible inappropriateness and inefficiencies, and
decreased patient satisfaction if another PET scan has to be performed or rescheduled after
having incurred travel time and costs.

Reporting of findings from PET scans also show lack of standardization, and it is
sometimes unclear as to the PET reporting criteria used and/or are ambiguous regarding PET
status. Additionally, from the standpoint of the clinician, there is uncertainty in which clinical
activities should take place following, in particular, a borderline positive (i.e., Deauville
[five-point] criteria score of 3) PET result, which could include an approach of watchful
waiting, imaging follow-up, or further evaluation such as biopsy or change in treatment.

OBJECTIVE

Sponsored by the Cancer Imaging Program of CCO, the aim of this document is to
provide a synthesis and summary of the evidence in the area of PET imaging for lymphoma
treatment evaluation, with a focus on making conclusions regarding its use (i.e., timing and
reporting) in patients undergoing first-line curative-intent treatment. Specifically, we aim to
summarize the evidence with respect to the appropriate timing and reporting of interim and
end-of-therapy PET use, and the prospective clinical activities following a positive end-of-
therapy scan. By addressing the timing, reporting, and clinical activities surrounding PET use,
this evidence summary may help address the potential clinical practice variation, potential
inappropriateness, and possible inefficiencies and patient dissatisfaction related to PET use in
lymphoma, and help guide CCO’s Cancer Imaging Program in its future endeavours.
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RESEARCH QUESTIONS
The following research questions were developed to direct the search for available
evidence on HL.

Question 1: What is the ideal timing and reporting of FDG-PET/CT or FDG-PET?
a) For HL patients during treatment? (i.e., interim PET)
i. Interim defined as scans performed during first-line curative-intent
treatment (i.e., single modality or combined-modality therapy)

b) For HL patients following chemotherapy + radiation therapy? (i.e., end-of-therapy or final
PET)
i. End-of-treatment PET defined as scans performed immediately upon the
completion of treatment (i.e., immediate post-treatment or end of
treatment).

Question 2: What are the clinical activities that should be performed following an end-of-

therapy PET(+) scan?

a) Clinical activities are defined as the number of PET scans, number of CT scans, biopsy,
and change in treatment.

TARGET POPULATION
Patients aged =16 years with HL at any stage of disease who are undergoing first-line
curative-intent treatment.

INTENDED PURPOSE
The objective of this work is to provide an evidence summary on PET imaging in the
care of HL patients undergoing first-line curative-intent treatment.

INTENDED USERS
Clinicians involved in the care of HL patients.

PROSPERO registration number: CRD42015024431

METHODS

This evidence summary was developed by a Working Group consisting of medical
oncologists, radiologists, nuclear medicine specialists, a hematologist, and a health research
methodologist at the request of the Cancer Imaging Program of CCO. The Working Group was
responsible for reviewing the identified evidence and drafting the summary. Conflict of
interest declarations for all authors are summarized in Appendix 3, and were managed in
accordance with the PEBC Conflict of Interest Policy.

This evidence review was conducted in two planned stages; a search for systematic
reviews followed by a search for primary literature. These stages are described in subsequent
sections. Prior to this, a search for existing clinical practice guidelines on the use of PET
imaging in HL was undertaken. This was performed to avoid potential duplication of efforts
and to evaluate the existing summarized evidence on the topic.

Search for Existing Clinical Practice Guidelines

A search was conducted for existing clinical practice guidelines. The following criteria
were used to select potentially relevant publications: English language, relevant to the
research questions based on title screen, publication year between 2007 and 2015 (past eight
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years), methods were well-described, and recommendations were articulated. The following

sources were searched for existing clinical practice guidelines that addressed the research

questions:

e Practice guideline databases: Standards and Guidelines Evidence (SAGE), National
Guidelines Clearinghouse

¢ Guideline developer websites, known publications, and other international groups or
associations including:

o National Comprehensive Cancer Network

European Society of Medical Oncology

International Harmonization Project

International Working Group

Malignant Lymphomas Imaging Workshop Group

American College of Radiology

Program in Evidence-Based Care/Cancer Care Ontario

O O O O O O

If appropriate, guidelines that were considered relevant to the objectives and the
research questions were then evaluated for quality using the AGREE Il instrument [14].

Search for Existing Systematic Reviews
A search was conducted for existing systematic reviews. In brief, the following search
criteria were used:
e Years: 1995 to October 22, 2015
e Databases searched: MEDLINE, EMBASE, Cochrane Database of Systematic Reviews
e Search terms: FDG-PET/CT, FDG-PET, lymphoma, treatment

Identified systematic reviews were evaluated based on their clinical content and
relevance. Relevant systematic reviews were assessed using the 11-item Assessment of
Multiple Systematic Reviews (AMSTAR) [15] tool to determine whether existing systematic
reviews met a minimum threshold for completeness of reporting and could be considered for
inclusion in the evidence base.

Search for Primary Literature

For this evidence summary, a search for primary literature was conducted. There was a
need for a primary literature search to identify relevant studies that could then be
synthesized with respect to the research questions.

Literature Search Strategy

A literature search was conducted on October 27, 2015 using MEDLINE and EMBASE and
other databases. Details of the literature search can be found in Appendix 4. The literature
search was part of a larger initiative addressing lymphoma patients (HL and NHL). For the
current work, only studies on HL were considered for reasons that include less biological
heterogeneity and less technical variability when using PET, compared with NHL.

Study Selection Criteria and Process

Inclusion Criteria

e Patients with HL at any stage of disease

¢ Newly diagnosed HL patients undergoing first-line curative-intent treatment (e.g.,
chemotherapy + radiotherapy)

e Biopsy- or histological-confirmed diagnosis

¢ Minimum study size of 30 patients



Studies using visual PET analysis

Observational studies, randomized controlled trials, or systematic reviews/meta-analysis
Studies that are relevant to the research questions

Studies on treatment, FDG-PET/CT or FDG-PET, and HL

Studies written in the English language

Studies reporting at least one clinical/patient outcome of interest (e.g., progression-free
survival, overall survival) (Question 1 only)

Exclusion Criteria

e Patients <15 years of age

e Case reports (N=1), narrative reviews, in vitro or animal studies, letters, editorials,
conference abstracts

e Studies on the technical aspects of FDG-PET/CT or FDG-PET

e Studies on mixed populations of HL and NHL

e Studies on survivors of HL undergoing imaging surveillance for disease relapse or
recurrence

e Studies on the clinical effectiveness of different imaging modalities (e.g., PET/CT vs.
PET/magnetic resonance imaging)

e Studies using other hybrid technologies or tracers

A review of the titles and abstracts that resulted from the search was conducted by
one reviewer (JS). For those items that warranted full-text review, one reviewer reviewed
each item (JS).

Data Extraction and Assessment of Study Quality and Potential for Bias

Data abstraction was performed by one abstractor (JS) and audited by an independent
reviewer. Abstracted data included study variables such as author, publication year, study
location, study design, length of follow-up, and sample size; patient characteristics such as
age and clinical stage; and PET scanning variables such as type of scan used. Studies were
categorized as having a retrospective study design if the PET and outcome information had
been collected in the past and prior to the start of the current study (e.g., historical medical
record review study). A study was categorized as having a prospective study design if the PET
information was collected at baseline and the outcome information for patients was collected
at a point in time beyond the starting point of the study (e.g., clinical follow-up for
treatment response). Studies that had PET scan interpretations performed prospectively with
PET re-interpretation done retrospectively were categorized as having a mixed study design.

Details on the timing of PET use were abstracted including the sequence (i.e., interim
or end-of-treatment), after which cycle, and the time interval. The criteria used for
evaluating and interpreting PET scans (i.e., interim and end-of-treatment) were abstracted.
Specific attention was given as to whether a Deauville score of 3 was classified as positive or
negative, and these data were abstracted. Additional details on the treatment regimen were
also abstracted.

Outcome information abstracted included performance metrics (sensitivity,
specificity, positive predictive value [PPV], negative predictive value [NPV]). A priori, the
clinically meaningful performance metric of interest was the NPV (defined as true
negatives/true negatives + false negatives) [16] as reported in the included studies. NPV was
selected according to the precautionary principle of “do no harm” when planning on de-
escalating treatment based on a negative PET scan. For performance metrics, the following



thresholds and interpretations will be used: excellent (80% to 100%), substantial (60% to 80%),
moderate (40% to 60%), fair (20% to 40%), and poor (0 to 20%) [17].

The clinical activities following a positive end-of-treatment scan abstracted included
whether a repeat PET scan was reported, treatment change occurred, or biopsy was
performed. For studies that performed a biopsy on patients with positive end-of-treatment
PET scans, the results of those biopsies were abstracted, including clinical/patient outcomes
(e.g., progression-free survival) in relation to biopsy status (i.e., positive/negative). All
extracted data and information were audited by an independent auditor.

Heterogeneity
A priori, therapy regimen and timing of PET were considered sources of heterogeneity.

Risk of Bias

Quality Assessment of Diagnostic Accuracy Studies (QUADAS-2) [18] was used to
evaluate the risk of bias for studies that contributed data to performance metrics outcomes.
Non-diagnostic accuracy outcomes were evaluated using ACROBAT-NRSI [19].

Synthesizing the Evidence

The basis of this evidence synthesis is on the data/information abstracted from
included studies (i.e., studies that met the inclusion criteria) [20]. Among included studies
with suitable data/information, the abstracted data/information were synthesized
qualitatively: presented descriptively or narratively in summary tables. According to the
research questions, the summary tables were then examined for consensus/trends. Review of
the summary tables, therefore, helped direct the conclusions. When there was an absence of
data/information or consensus/trends to inform the conclusions, the conclusions were then
based on the author’s consensus expert clinical opinion; however, this is not regarded as
evidence informed [20].

The evidence synthesis involved separating interim PET scanning from end-of-
treatment PET scanning. For interim PET scanning, risk-adapted therapy was used as a
stratification variable and early HL (stages | and Il) was summarized separately from advanced
HL (stages Il and IV). Established PET criteria was defined as criteria that have been
previously published (i.e., Deauville [five-point], International Harmonization Project [IHP],
and Gallamini criteria). The criteria used for evaluating and interpreting PET scans were
examined in relation to the definition of positivity of PET scans. When the Deauville (five-
point) criteria were used, whether a score of 3 led to a positive PET scan classification or a
negative PET scan classification was examined. The clinical stage of HL was the stage
category with the highest proportion of patients. Age was reported as the median or mean
age in years among the study population. For studies where this information was absent, the
age category with the highest proportion of patients was reported.

RESULTS

Search for Existing Clinical Practice Guidelines and Systematic Reviews

A search for existing clinical practice guidelines revealed a number of publications,
including those that are well known in the area of imaging and lymphoma [9,21-23]. However,
upon review, these publications did not yield an appropriate source document on which to
build an evidence base. Therefore, the AGREE Il instrument was not used. The search for
existing systematic reviews identified 97 citations (duplicates removed). Full-text review did
not identify any systematic reviews that met the inclusion/exclusion criteria and would be
able to answer our research questions. As no existing guideline or systematic review was



identified that could be used as a source document, a search for primary literature was
performed to answer the proposed research questions.

Search for Primary Literature

Literature Search Results

A total of 3407 citations (after removal of duplicates) were identified. After title and
abstract screening, there were 185 papers that underwent full-text review. After full-text
review, 20 studies on HL were identified (Appendix 5).

Study Design

There were 20 included studies on HL [24-43], of which three (15.0%) were clinical
trials; two were phase Il non-randomized clinical trials [25,42], and the other was a phase Il
randomized clinical trial [24]. The remaining 17 studies (85.0%) were observational in nature,
with 13 of 17 studies (76.5%) of a retrospective design [26-33,35,38-41], two of 17 (11.8%)
studies of a prospective design [37,43], and two of 17 (11.8%) studies of a combination of
retrospective and prospective designs (mixed) [34,36]. The sample sizes of included studies
ranged from less than 50 patients in three studies [26,40,41], to greater than 250 patients in
two studies [24,28]. The clinical stage of study populations were predominately low risk
(stage I/1l, 14 of 20 studies, 70.0%) [24-29,32,35,36,38-40,42,43], with fewer studies including
high-risk (stage IlI/IV, four of 20 studies, 20.0%) populations [30,31,33,37]. One study had
equal numbers of low-risk and high-risk patients (50% stage /11, 50% stage Il1/1V) [34]. For one
study, although the included results were reported for HL separately, the clinical stage
information was reported for the entire population (including NHL); therefore, the clinical
stage of HL patients for this study was unable to be abstracted [41]. All studies had a
histologically confirmed diagnosis of HL as evidenced by staging (Appendix 6, Table 1).

Quality Assessment

The QUADAS-2 risk of bias tool was used to assess study quality for the 11 studies that
contributed summary data to the outcome of performance metrics (Appendix 7, Table 1). In
terms of patient selection, all studies included HL patients. Each study included biopsy- or
histologically confirmed HL; therefore, the risk of bias due to ill-defined disease status is low.
Limiting our work to HL patients promoted homogeneity, and also promoted homogeneity
with respect to corresponding treatment strategies. The main risk of bias stems from the
study design, where not all studies enrolled patients consecutively or used a random sample
of eligible patients, suggesting the potential for selection bias. Overall, patient selection as a
source of bias was judged to be mixed (low-high risk).

In terms of bias surrounding the use of the index test, there were five of 11 (45.5%)
studies in which the nuclear medicine specialist interpreting the PET scans was reported not
to have been blinded to treatment response information during evaluation, which may lead to
a high risk of bias among retrospective study designs. Different studies used different criteria
to score and interpret PET scans and this lack of standardization of PET use may have
introduced bias. However, reporting criteria and thresholds were pre-specified across studies.
Overall, the index test of PET scanning as a source of bias was judged to be mixed (low-high
risk).

The reference gold standard of clinical follow-up with or without pathology
confirmation including laboratory examinations, PET imaging, non-PET imaging, or symptoms
were all considered in light of established treatment response criteria (Appendix 8, Table 1).
All studies mentioned some aspect of treatment response; however, reporting of the details
of the methodology across studies was not consistent or clear. The manner in which



treatment response criteria were used in individual studies was not clear for some studies,
with the potential of misclassification of patients and subsequent bias. There was a lack of
standardization when evaluating treatment response across studies, such as definitions used.
Additionally, all studies lacked information about whether assessors of treatment response
were blinded to PET scan results. Overall, use of the reference standard was judged to be
inadequate for most studies, thereby suggesting a high risk of bias.

In summary, there are a number of methodological concerns. Lack of blinding of both
the PET assessors and assessors of treatment response suggests that information bias cannot
be ruled out. Studies were classified as to whether an interim PET or a final PET scan were
performed; however, in the absence of biochemical data to support the ideal timing of PET
scan use (i.e., the best interval of time by which to achieve a treatment response), it is
unclear as to whether the timing of PET scans may have impacted the ability to correctly
classify patients. Two studies differed in terms of treatment, which may have led to an
inferior treatment response among patients. A main limitation of included studies is the lack
of information and unclear standardization around determining patient treatment response
including the criteria or definitions used, examinations performed, imaging used, and when
treatment response was assessed. In addition, the lack of details around the time interval by
which to perform a PET scan, either in the interim or end of treatment, was poorly reported
in included studies. Although there are no applicability concerns, in summary, there are a
number of methodological concerns that would contribute to a high risk of bias according to
QUADAS-2 criteria for the outcome of performance metrics. Overall, the evidence for
performance metrics was judged to be fair.

Question 1: Timing and Reporting of FDG-PET/CT and FDG-PET Scanning

Timing of Interim PET Scans

Fourteen of 20 studies (70.0%) [24-28,30-37,43] reported on the timing of interim PET
scanning, with more studies on interim PET in early stage HL (Appendix 6, Tables 2a and 2b).
Results show that a majority of studies had an interim PET scan performed after the second
cycle of chemotherapy (n=9 studies, 64.3%) [25-28,30,32,33,35,36], followed by after the
fourth cycle of chemotherapy (n=3 studies, 21.4%) [31,34,37]. The fewest number of studies
reported an interim PET scan after the third cycle of chemotherapy (n=2 studies, 14.3%)
[24,32] or after the first cycle of chemotherapy (n=1 study, 7.1%) [43]. The main difference
between early stage and advanced stage HL is that no study performed interim PET after
cycle 1 or cycle 3 among advanced stage HL studies, whereas this occurrence among early
stage HL studies was infrequent. Details on the exact timing of interim PET use such as the
interval of time after a given cycle, or prior to the next cycle was mixed, and is shown to be
variable (e.g., zero to six days prior to the next cycle; or a range of 10 days after, and 24 to
28 days after the last specified cycle).

Timing of End-of-Therapy PET Scans

Fourteen of 20 studies (70.0%) [26,27,29,31-33,35-42] reported on the use of end-of-
therapy PET scanning (Appendix 6, Table 3). A majority of studies performed final PET after
at least six cycles of therapy (n=3 studies, 21.4%) [31,37,42]; however, not all studies
reported after which cycle the final PET scan was performed. The range of the exact timing
of end-of-therapy PET scan use is reported to be between two and six weeks after
chemotherapy (six studies) [29,31,37-39,42] and within or around the two to three month
time period (six studies) [27,29,33,38,40,41]. For five of six studies, the final PET scan was
performed at two to three months after combined modality therapy [27,29,33,38,41]. In one
study, the time interval after radiation therapy was not specified, only that a portion of



patients had radiation therapy in addition to chemotherapy and that the average time to final
PET after chemotherapy was approximately two months [40]. The exact timing of end-of-
therapy PET scanning was not reported in detail for four studies [26,32,35,36].

Reporting of PET Scans (Interim and End of Therapy)

All 20 studies used some sort of qualitative criteria to interpret and report PET scans
[24-43] (Appendix 6, Tables 4a and 4b). Considering established reporting criteria (Table 4a),
the PET reporting criteria used most often was the Deauville (five-point) criteria (12
instances, nine studies) [24,25,27-30,33,34,43] followed by the IHP criteria (seven instances,
seven studies) [25,26,29,31,34,36,37]. The Gallamini criteria were used the least (three
instances, three studies) [29,34,36]. Frequently used were other customized criteria for
individual studies (10 instances, nine studies) [27,32,34-36,38-41] (Table 4b).

As shown in Appendix 6, Table 5, when the five-point scale of the Deauville criteria was
used, a score of 3 was considered negative more often than positive (nine of 12 instances
[75.0%] versus three of 12 instances [25.0%]). Notably, some studies interpreted the Deauville
criteria more than one way [28,29].

Outcomes

Performance Metrics

The performance metrics that were considered included sensitivity, specificity, PPV,
and NPV from studies meeting the inclusion criteria.

Eleven of 20 studies (55.0%) examined PET in relation to one or more performance
metrics [25,27,29-31,34,36,37,40,42,43] (Appendix 6, Tables 6a and 6b). There were eight
studies on interim PET scans [25,27,30,31,34,36,37,43], and four studies on final PET scans
[29,31,40,42] in relation to one or more performance metrics of sensitivity, specificity, PPV,
and NPV. Markova et al (2012) [31] examined both interim and end-of-therapy scanning in
relation to performance metrics. All studies used clinical follow-up with or without pathology
confirmation as the reference standard. Notably, the criteria used to assess PET positivity
varied, and so did the timing of PET scanning. Within studies that used more than one
criterion [25,27,29,34,36], the trend shown was that when a more stringent criteria was used
(e.g., Deauville criteria [five-point], only a score of 5 is positive), there were fewer patients
categorized as PET-positive compared with when less stringent criteria were used to score
PET scans as positive.

Interim PET Scans

The range of PET positivity for interim scans ranged from 6.3% to 34.4%. The results
show that the NPV ranged from 81.9% to 98.0%. The specificity (i.e., true negatives among
true negatives and false PET-positives) ranged from 78.0% to 97.0%. The sensitivity ranged
from 33.0% to 68.0%. The PPV ranged from 14.0% to 73.0%. Among interim PET scan studies
that specified interim PET was performed after cycle 2, the NPV was >80% (5 studies)
(Appendix 6, Table 6a).

End-of-Therapy PET Scans

The range of PET positivity for end-of-therapy scans ranged from 13.4% to 25.0%. The
results show that the NPV ranged from 86.1% to 98.1%. The specificity (i.e., true negatives
among true negatives and false PET-positives) ranged from 89.1% to 98.2%. The sensitivity
ranged from 55.0% to 90.9%. The PPV ranged from 62.5% to 92.0% (Appendix 6, Table 6b).
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Question 2: Clinical Activities Following a Positive End-of-Treatment FDG-PET/CT or FDG-
PET Scan

Clinical Activities

Nine of 20 (45.0%) studies [26,29,31,36-39,41,42] reported on the clinical activities
following a positive end-of-therapy PET scan. A majority of the time, the clinical activity that
was reported was a change in treatment (four instances) or a biopsy (six instances). To a
lesser extent, a repeat PET scan was the clinical activity (one instance) (Appendix 6, Table
7). For the six studies [29,36,38,39,41,42] reporting a biopsy following a positive end-of-
therapy scan, the results of those biopsies are described in Appendix 6, Table 8. No studies
reported on clinical/patient outcomes such as progression-free survival or overall survival in
relation to biopsy results. There was a lack of evidence on clinical/patient outcomes.

Heterogeneity

The following variables were considered a priori as sources of heterogeneity: therapy
regimen and timing of PET. Most studies used comparable and standard regimens of
chemotherapy plus radiotherapy [44], except in one study that did not include radiation
therapy [25]. One study used anthracycline-based chemotherapy, not otherwise specified.
Therefore, it appears that most studies provided appropriate therapy. Seven studies reported
a change in therapy management due to interim PET scan results; however, the influence of
using a risk-adapted therapeutic approach among those studies is not evident as it relates to
our work. Details of the therapeutic management are shown in Appendix 9, Table 1. Timing of
interim PET scan use was reported poorly in the included studies, and was shown to be
variable. Timing of final PET scan use was reported more consistently but again lacked
consistent reporting across studies.

DISCUSSION

The exact timing (interim and final) of PET scanning was shown to be variable among
included studies; however, the NPV across different sequences and timing of PET scanning,
interpretation criteria, and treatment regimens was shown to be high (>80%), even among
studies that specified interim PET was performed after cycle 2, although based on fair quality
of evidence. It appeared that when using established reporting criteria, the Deauville (five-
point) criteria and IHP predominated, with a tendency to report a Deauville score of 3 as
negative. Clinical activities following a positive final scan were predominately biopsy and
treatment change; however, there was a lack of evidence on clinical/patient outcomes. Due
to the lack of high-quality evidence in the form of randomized controlled trials, the
conclusions of this evidence synthesis rely heavily on the authors' consensus based expert
clinical opinion.

Timing of PET Scans

Interim PET Scans

For interim PET scanning, the evidence synthesis showed that there is no firm time;
however, generally occurs in the days immediately leading up to the next cycle of
chemotherapy. Our evidence synthesis builds upon current clinical practice including current
guidelines and government policy (Appendices 1 and 2), and what is known about key
relationships in lymphoma (biological response, treatment, and interpretive criteria). We
showed that performing an interim PET scan after cycle 2 predominates in the literature (nine
studies); however, the exact time interval was not shown from the evidence.

11



Therefore, in support of current clinical practice and based on the authors’ consensus
expert clinical opinion, the following benchmarks are supported:
¢ Aninterim PET scan should generally be performed as far away from cycle 2 and
as close as possible to cycle 3 as is feasible.
e However, as a general qualifying statement, the role of interim PET is still
evolving. When acquired, findings from interim PET should be used with the
utmost regard for optimal standards of practice.

End-of-Therapy PET Scans
When considering final PET after chemotherapy, our evidence supports an interval of
time of a minimum of two weeks (14 days) (six studies). However, preferably, and in
agreement with published guidelines (Appendix 2), the time interval to perform a final PET
scan after chemotherapy is preferably at least three weeks (21 days). When considering final
PET after combined modality treatment, our evidence supports an interval of time of two to
three months (six studies). Again, this is in agreement with published guidelines (Appendix 2).
Therefore, in support of published guidelines and based on the authors’ consensus
expert clinical opinion, the following benchmarks are supported:
e End-of-therapy PET may be performed at a minimum of 14 days after
chemotherapy but preferably 21 days from chemotherapy end of treatment.
e End-of-therapy PET may be performed at two to three months following
radiotherapy.

Reporting of PET Scans

The reporting of PET scanning was variable. When using the Deauville (five-point)
criteria, the current standard of practice is to categorize a score of 3 as negative; however,
ultimately, decisions with respect to patient care rest with the treating physician and up-to-
date knowledge of the correlation between PET results and the clinical circumstances. The
evidence tends to support the current clinical practice of scoring a Deauville score of 3 as
negative; however, the evidence was mixed with regard to the reporting criteria used
(established versus other). Our consensus expert clinical opinion continues to endorse the use
of the Deauville (five-point) criteria as part of current standard of practice. However, there is
a gap of provincial consensus recommendations on the interpretation of Deauville scores of 3.

Therefore, our consensus expert clinical opinion supports using the Deauville (five-
point) interpretation criteria for use in Ontario, as described by an international group in the
publication by Barrington et al (2014):

e Deauville scores of 1 and 2 are considered to represent complete metabolic response
(i.e., PET-negative scan and cancer-free). Deauville scores of 3 also likely represents
complete metabolic response at interim and good prognosis at completion of standard
treatment. However, in trials where de-escalation is based on PET response, it may be
preferable to consider a Deauville score of 3 as inadequate response to avoid under-
treatment.

e The Deauville (five-point) scale for reporting PET/CT results may be interpreted in the
context of the anticipated prognosis, clinical findings, and other markers of response.
Deauville scores of 1 and 2 represent complete metabolic response, whereas Deauville
scores of 3 also probably represent complete metabolic response in patients receiving
standard treatment.

Clinical Activities Following a Positive End-of-Treatment PET Scan

There were no studies that reported on clinical/patient outcomes such as progression-
free survival or overall survival in relation to biopsy results when biopsy was the choice of
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clinical management following a PET-positive scan. There was a lack of evidence on
clinical/patient outcomes. More work in the field of lymphoma in the form of high-quality
studies is needed to address our proposed question 2.

Therefore, based on the authors' consensus expert clinical opinion, future work such as
consensus recommendations regarding the appropriate clinical action following end-of-
therapy PET-positive scans would be beneficial.

Overall Strengths and Limitations

This evidence summary focused only on HL patients, thereby addressing one of the
major criticisms of previous work of including mixed populations of HL and NHL patients in
reviews. The included studies were homogeneous with respect to the main histological type of
HL, being classical HL, which makes up 95% of all cases and includes the following subgroups:
nodular sclerosis, mixed cellularity, lymphocyte depleted, and lymphocyte rich. However, the
included studies were heterogeneous in terms of the timing of PET scan use, the use of
reporting and interpretation criteria for PET scanning, and determination of treatment
response, thus making the interpretation of the results based solely on the evidence unclear.
Therefore, our conclusions rely heavily on our consensus expert clinical opinion with the use
of the data/information gathered and synthesized here as a starting point. Future work may
continue to assemble and synthesize the evidence base on the topic.

For question 1, the inclusion criteria specified that studies were to be included if they
reported on at least one clinical/patient outcome; however, at the time of data abstraction,
the authors’ consensus-based expert clinical opinion was that these outcomes were no longer
a focus of the current evidence summary as specified a priori for question 1. Studies reporting
on PET timing or performance metrics only, without clinical/patient outcomes, were not
included in the current evidence base (see inclusion criteria). Accordingly, a larger than usual
number of studies underwent full-text review (185 of 414, 45%) to carefully include studies
that would answer question 2 while preserving the originally stated inclusion criteria
pertaining to question 1. As a result, this evidence summary represents a subset of the
available body of literature had the inclusion criteria been much broader.

Future work should address standardized protocols for the assessment of treatment
response (reference standard) and PET imaging (index test). The included body of literature
represents current and contemporary evidence that was assembled using systematic review
methodology and examined in an in-depth and comprehensive manner in relation to the
research questions. Included studies were evaluated in light of the quality of the evidence
and expert clinical opinion filled in gaps where the evidence was lacking. Furthermore, the
body of literature on the topic was synthesized in an expedited fashion. Overall, given the
vast heterogeneity of included studies in terms of the timing of PET and to a lesser extent the
reporting of PET, our conclusions reflect a blended synthesis of systematic review
methodology with consensus expert clinical opinion, and the conclusions are heavily based on
consensus expert clinical opinion. The evidence base from the systematic review should be
interpreted as fair, with the necessary limitations in mind.

CONCLUSIONS

In first-line treatment of HL, interim PET scanning is most commonly performed after
cycle 2. Interim PET scanning should generally be performed as close to the next
chemotherapy cycle (i.e., as far away from cycle 2 and as close as possible to cycle 3) as is
feasible. End-of-therapy PET scanning may be performed at least 14 days and preferably 21
days following chemotherapy and two to three months following radiation therapy. Consensus
recommendations on interpretation of Deauville 3 scores and appropriate clinical action for
PET-positive scans would be beneficial.
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responsible for ensuring the necessary changes are made.
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Appendix 1: Published Guidelines on the Timing of PET Use

Juweid et al (2007) - International Harmonization Project
e PET should not be performed before at least three weeks after chemotherapy and
preferably eight to 12 weeks after completion of radiotherapy.

e PET should be performed as close as possible (i.e., within four days) before the
subsequent cycle.

Cheson et al (2007) - International Harmonization Project

e PET scans should not be performed for at least three weeks, and preferably six to eight
weeks after the completion of therapy.
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Appendix 2: Current Ontario Recommendations

Evidence from Primary Studies and Systematic Reviews and Recommendations from
Clinical Practice Guidelines January to June 2015

R. Poon and the Program in Evidence-Based Care Disease Site Group Reviewers
(https://www.cancercare.on.ca/common/pages/UserFile.aspx?fileld=348344)
Program in Evidence-Based Care (PEBC), Cancer Care Ontario (CCO)

Report Date: October 13, 2015

Current Recommendations for the Utilization of PET/CT in Hematologic Cancer

¢ When functional imaging is considered to be important in situations where anatomical
imaging is equivocal and/or in potentially curable cases, a FDG-PET/CT scan is
recommended.

¢ When functional imaging is considered to be important in situations where anatomical
imaging is equivocal and treatment choices may be affected in limited-stage indolent
lymphomas, a FDG-PET/CT scan is recommended.

e An FDG-PET/CT scan is recommended for the assessment of early response in early stage
(I or II) Hodgkin lymphoma following two or three cycles of chemotherapy when
chemotherapy is being considered as the definitive single-modality therapy, to inform
completion of therapy or whether more therapy is warranted.

¢ |n potentially curable cases, when functional imaging is considered to be important and
conventional imaging is equivocal, a FDG-PET/CT scan is recommended to investigate
recurrence of Hodgkin lymphoma or non-Hodgkin lymphoma.

e An FDG-PET/CT scan is recommended for the evaluation of residual mass(es) following
chemotherapy in a patient with Hodgkin or non-Hodgkin lymphoma when further
potentially curative therapy (such as radiation or stem cell transplantation) is being
considered and when biopsy cannot be safely or readily performed.

e An FDG-PET/CT scan is not recommended for the routine monitoring and surveillance of
lymphoma.
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Appendix 4: Literature Search Strategy

Databases: EBM Reviews - Cochrane Central Register of Controlled Trials September 2015,
Ovid MEDLINE® In-Process & Other Non-Indexed Citations and Ovid MEDLINE® 1946 to Present,
Embase 1974 to 2015 October 26

Searches
exp Lymphoma/
lymphoma$.mp.
exp hodgkin disease/
hodgkin$.mp.
exp nonhodgkin lymphoma/
exp B cell lymphoma/

N OO U AN W N -

(nonhodgkin$ or non?hodgkin$ or B?cell lymphoma$ or diffuse large B?cell lymphoma$ or
DLBCL).mp.

or/1-7
9 exp deoxyglucose/

(deoxyglucose or desoxyglucose or deoxy-glucose or desoxy-glucose or deoxy-d-glucose or
desoxy-d-glucose or 2deoxyglucose or 2deoxy-d-glucose or fluorodeoxyglucose or
fluorodesoxyglucose or fludeoxyglucose or fluordeoxyglucose or fluordesoxyglucose or

10 fluoro-2-deoxy-d-glucose or 2fluoro-2deoxyglucose or 2-fluoro-2-deoxy-d-glucose or 2-
fluoro-2-deoxyglucose or 18fluorodeoxyglucose or 18fluorodesoxyglucose or fluoro-d-
glucose or 18fluordeoxyglucose or 18fluordesoxyglucose or fluorine-18-fluorodeoxyglucose
or fdg$ or 18fdg$ or 18f-dg$ or f-18-dg or 18f-fdg).mp.

11 (glucose and (fluor or 2fluor$ or fluoro or fluorodeoxy or fludeoxy or fluorine or 18f or
18fluS)).mp.

12 exp fluorodeoxyglucose/

13 exp Fluorodeoxyglucose F18/

14 fluorodeoxyglucose F18.mp.

15 exp emission tomography/

16 exp positron emission tomography/
17 exp tomography, emission-computed/

18 (positron emission tomography or PET?scan$ or PET-FDG or FDG-PET or PET-CT or
PETSCT).mp.

19 (emission and (tomography or tomograph$ or tomographic$ or tomographies)).mp.
20 exp tomography, x-ray/

21 computer assisted tomography/

22 (comput$ adj1 (tomography or tomograph$ or tomograhpic$ or tomographies)).mp.
23 (CT or CT?scan).mp.

24 biopsy.mp.

((treatment adj1 change) or (treatment adj1 management) or (treatment adj1
modification$) or (management adj1 strateg$)).mp.
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26 or/9-14
27 or/15-19
28 26 and 27
29 8 and 28

(early or early?PET or interim$ or interim?PET or I?PET or mid?therapy or (treatment adj1
30 monitoring) or final?PET or F?PET or end?of?therapy or end?of?treatment or post?therapy or
treatment).mp.

31 29 and 30
32 or/20-25
33 31 and 32
34 31 or 33

35 (cqmment or .letter or ed.itorial or note or erratum or shprt survey or news or newspaper
article or patient education handout or case report or historical article).pt.

36 exp Animal/ not Human/

37 350r 36

38 34 not 37

39 limit 38 to yr="1995 -Current”

40 remove duplicates from 39
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Appendix 5: PRISMA Flow Diagram

Figure 1. Citation Flow Chart

Records identified through database
searching (duplicates removed)

(n=3407)

A

Title screen

(n=3407)

Abstract screen

Records excluded based on
title (n=2993)

(n=414)

n=2 additional studies

\4

Full-text articles assessed

A 4

Records excluded based on
abstract (n=231)°

#n=135, publication type (e.g. reviews,
conference abstracts, case reports);
n=65, not relevant (e.g. technical,
population, intervention etc.); n=31,
sample size < 30 patients.

for eligibility
(n=185)

v

Included Primary Studies (n=20)

Hodgkin Lymphoma

3 clinical trials
17 observational studies
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NHL; n=21, age <16 years; n=8, other
(e.g. pre-treatment, other population);
n=7, not in English, duplicate, or not
available; n=4, sample size.
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Appendix 6: Summary Tables

Table 1. Characteristics of Included Studies (N=20 Studies)

Study Age PET Use M-FU
Author (Year) Study, Country Design Clinical Stage (% pts) (Years) PET Type BL I-PET  F-PET  (months)  SS?
CLINICAL TRIALS
Radford et al (2015)° RAPID, UK Phase 3  33% stage IA, 67% stage IIA 34.7 PET, PET/CT X 60.0 565
NI
Kostakoglu et al (2012)* CALGB, USA Phase 2 72% stage IIA <40.0* PET, PET/CT X X - 39.6° 88
Straus et al (2011)* CALGB, USA Phase 2 71% stage IIA 37.0 PET, PET/CT X X X 39.6° 99
OBSERVATIONAL STUDIES
Stages I-ll (early HL)
Iltis et al (2015) France RCS 52% stage Il 37.5 PET/CT X X X 62.4 48
Rigacci et al (2015) Italy RCS 91% stage I 30.0 PET, PET/CT X X X 46.0 246
Simontacchi et al (2015) Italy RCS 80% stage IIA <50.0* PET X X 56.0 257
Hutchings et al (2014) USA, Europe PCS 54% stages I-11 34.1 PET/CT X X - 29.1 126
Kajary et al (2014) Hungary RCS 68% stages I-ll 32.5 PET/CT X - X 54.0 66
Barnes et al (2011) USA RCS 88% stage Il 34.0 PET - X X 46.0 96
Le Roux et al (2011)** France Mixed 50% stages |-l 31.2 PET/CT X X - 49.0 90
Luminari et al (2011) Italy RCS 53% stage Il 38.0 PET/CT X X X 30.0 136
Dann et al (2010) Israel Mixed 54% stages I-11 30.0 PET/CT X X X 59.0 96
Advani et al (2007) USA RCS 73% stage I-1l 29.0 PET, PET/CT X X 48.0 81
Guay et al (2003) Canada RCS 52% stages I-II 38.0 PET - X 16.2 48
Hueltenschmidt et al (2001)® Germany RCS 52% stage Il 38.1 PET X X 20.4 81
Stages llI-1V (advanced HL)
Rossi et al (2014) France RCS 63% stages IlI-1V 35.5 PET/CT X X - 50.0 59
Markova et al (2012)’ Czech Republic RCS 62% stages IlI-1V 30.7 PET X X X 52.0 69
Gallamini et al (2011) Italy, USA RCS 53% stage Ill+ 34.0 PET, PET/CT X X X 34.0 165
Le Roux et al (2011)** France Mixed 50% stages IlI-1IV 31.2 PET/CT X X - 49.0 90
Markova et al (2009) Czech Republic PCS 40% stage IV <50.0* PET X X NR 50
Stage Unknown
Zinzani et al (2004)® Italy RCS NR 41.0 PET X NR 41°

Abbreviations: BL, baseline; CALGB, Cancer and Leukemia Group B; CT, computed tomography; F-PET, final PET; FU, follow-up; HL, Hodgkin lymphoma; I-PET, interim PET; IFRT, involved field radiation therapy; M,

median; NI, non-inferiority; NR, not reported; PCS, prospective cohort study; PET, positron emission tomography; RAPID, Randomized Phase Ill Trial to Determine the Role of FDG-PET Imaging in Clinical Stages IA/IIA

Hodgkin Disease; RCS, retrospective cohort study; SS, sample size.

1 Clinical stage reported as the stage category that represents the majority of patients in the study population. Rounded to the nearest whole number.
2 After exclusions. Reported for Hodgkin lymphoma only for Zinzani (2004).

3 For 420 patients with PET(-) results that then underwent randomization to receive no further treatment vs. patients to receive IFRT. Plus, the 145 patients who had PET(+) results.

4 Age reported as median or mean for the entire study population or as the age category with the highest proportion of patients.
5 Median follow-up based on non-progressing patients.
5 Stage based on 25 patients that had baseline staging; mean follow-up time.
6 Staging based on 69 patients as the denominator; age based on mean or median, not clear.

7 Sample size refers to the subgroup of Hodgkin patients for which abstracted information is based upon and reported.
*Note: Straus (2011) is the larger trial upon which Kostakoglu (2012) is based, with different and overlapping methodology, therefore both studies were included.

**Note: Le Roux (2011) is listed twice as its study population is evenly split between stages |-l (50%) and stages IlI-IV (50%) patients.
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Table 2a. Sequence of Interim PET in Stages I-ll (Early) Hodgkin Lymphoma (N=10 Studies)

Cycle
Author (Year) Description of Interim PET Timing C1 cC2 (3
Clinical Trials
Change in Treatment'
Radford et al (2015) During the 2 wks after day 15 of ABVD cycle 3. X
No Change in Treatment
Kostakoglu et al (2012)* After 2 cycles of AVG, performed 0-6 d prior to cycle 3. X

Observational Studies
Change in Treatment
Iltis et al (2015) After 2 cycles of first-line CT. For ABVD, PET was performed from 11 to 28 d after the 2™ X
cycle. For VABEM, PET was performed from 24 to 28 d after the 2™ cycle.

Simontacchi et al (2015) After 2 cycles of ABVD therapy, approximately 10 d after completion of the 2" ABVD cycle. X
Le Roux et al (2011)** After 4 cycles of ABVD.
Luminari et al (2011) Performed after 2-3 cycles of therapy (majority with ABVD/ABVD-like CT). X2
Dann et al (2010) After the 1% or 2™ cycle of BEACOPP. X3
No Change in Treatment
Rigacci et al (2015) After 2 cycles of ABVD, after the end of the 2" cycle nearest the first part of the 3™ cycle. X
Hutchings et al (2014) Within the last 5 days of the 1% and/or 2™ CT courses. x?
Barnes et al (2011) Performed after 2-4 cycles of ABVD. X X

Abbreviations: ABVD, adriamycin, bleomycin, vinblastine, dacarbazine; AVG, doxorubicin, vinblastine, gemcitabine; BCNU, high-dose carmustine; BEACOPP, bleomycin, etoposide, doxorubicin,
cyclophosphamide, vincristine, procarbazine, prednisone; C, cycle; CT, chemotherapy; d, days; PET, positron emission tomography; VABEM, vinblastine, doxorubicin, BCNU, etoposide,
methylprednisone; wks, weeks.

1 Change in treatment defined as changes to chemotherapy or radiotherapy, as reported in original study, treatment changes based on interim PET scan result.

2 Majority of cases (C2: 80 vs. C3: 9 patients).

3 Majority of cases (C2: 81 vs. C1: 15 patients).

4 All patients had an interim PET performed after cycle 1. A subset of the study population (70.6%) had an interim PET scan after both cycle 1 and cycle 2, based on pre-specified criteria.

5 A majority of patients had interim PET after cycle 2B (43%) or cycle 3B (47%). Only 6% of patients had interim PET after cycle 3A and only 4% of patients had interim PET after cycle 4A.
*Note: Kostakoglu (2012) and Straus (2011) had similar interim PET schedules, therefore only one study is reported here.

**Note: Le Roux (2011) is listed twice as its study population is evenly split between stages I-11 (50%) and stages Ill-1V (50%) patients.
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Table 2b. Sequence of Interim PET in Stages IlI-IV (Advanced) Hodgkin Lymphoma (N=5 Studies)

Cycle
Author (Year) Description of Interim PET Timing C2 (3 C4

Obervational Studies
Change in Treatment

Gallamini et al (2011) After the 2" ABVD cycle, a few days before the 3" cycle. X

Le Roux et al (2011)** After 4 cycles of ABVD. X
No Change in Treatment

Rossi et al (2014) Performed after 2 cycles of anthracycline-based CT for all pts. X

Markova et al (2012) Performed after 4 cycles of BEACOPP (as close as possible to the 5" cycle). X

Markova et al (2009) After 4 cycles of BEACOPP, as close as possible to the 5 cycle of CT. X

Abbreviations: ABVD, adriamycin, bleomycin, vinblastine, dacarbazine; BEACOPP, bleomycin, etoposide, doxorubicin, cyclophosphamide, vincristine, procarbazine,
prednisone; C, cycle; CT, chemotherapy; PET, positron emission tomography; pts, patients.
**Note: Le Roux (2011) is listed twice as its study population is evenly split between stages |-l (50%) and stages IlI-1V (50%) patients.
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Table 3. Sequence of Final PET in Hodgkin Lymphoma

Author (Year) Cycle

Description of Final PET Timing

Studies with Details (N=10)
Rigacci et al (2015) 4
Kajary et al (2014) -

Markova et al (2012) 6-8
Gallamini et al (2011) -
Straus et al (2011) 6

Markova et al (2009) 6-8
Advani et al (2007) -
Zinzani et al (2004)

Guay et al (2003)

Hueltenschmidt et al (2001)
Studies without Details (N=4)
Iltis (2015)"

Barnes (2011)

Luminari et al (2011)

Dann et al (2010)

At the end of 4 cycles of ABVD including RT, never performed earlier than 90 d after IFRT.
CT alone: min 24 d after the last day of CT (betw. 24-76 d, m: 35 d).

CT+RT: at least 8 wks after RT for 38 pts and betw. 5-8 wks for 8 pts (overall betw. 5-35
wks, m: 12 wks).

Within 2-6 wks of the last application of CT.

No less than 3 mo. after the end of CT, or consolidation RT.

1-2 wks after completion of cycle 6 of AVG.

Within 2-6 wks of the last CT application.

1-2 wks after CT, and post-RT was at least 2 mo. after completion of RT.

At least 1 mo. after the end of CT and 3 mo. after any RT.

At the completion of CT, MOPP or ABVD (17 pts had PET after RT, 14 pts had PET prior to
RT). Median time between last course of CT and PET was 58 d (-8 wks).

Within 4-6 wks after completion of primary therapy.

End-of-treatment

Abbreviations: ABVD, adriamycin, bleomycin, vinblastine, dacarbazine; AVG, doxorubicin, vinblastine, gemcitabine; CT, chemotherapy; d, days; IFRT, involved field radiation
therapy; m, median; mo., months; MOPP, mustargen, viscristine (oncovin), procarbazine, prednisone; PET, positron emission tomography; pts, patients; RT, radiotherapy;

wks, weeks.

1 Among responders. After cycle 2 of salvage therapy in non-responders.
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Table 4a. Details of PET Interpretation and Scoring for Studies Using Established Reporting Criteria

Author (Year) Details
Deauville (Five-Point) Criteria (N=9 Studies)
Radford et al (2015) Negative: 1-2, positive: 3-5
Rigacci et al (2015) Negative: 1-3, positive: 4-5
Simontacchi et al (2015)* Negative: 1-2, positive: > 3; negative: 1-3, positive: > 4
Hutchings et al (2014) Negative: 1-3, positive: 4-5
Kajary et al (2014)* The threshold for positivity is MBP activity (score = 3); the threshold for positivity is liver activity (score = 4); negative: 1-4,
positive: 5
Rossi et al (2014) Negative: 1-3, positive: 4-5
Kostakoglu et al (2012) Negative: 1-3, positive: 4-5
Gallamini et al (2011) Negative: 1-3, positive: 4-5
Le Roux et al (2011) Negative: 1-4, positive: 5
International Harmonization Project Criteria (IHP) (N=7 Studies**)
Iltis et al (2015) Negative: based on minimal residual uptake, defined as slightly and diffusely increased FDG uptake at the site of moderate-

sized or large residual masses (i.e. > 2 cm in diameter), regardless of location, w. intensity greater than or equal to that of the
MBP structures. Positive: the activity of MBP was used as the reference background activity for residual masses > 2 cm at the
widest transverse diameter, regardless of location. A smaller residual mass or a normal-sized lymph node (i.e. <1 x 1 cm in
diameter) was considered positive if its activity was above that of the surrounding background.

Kajary et al (2014) Positive: if FDG uptake is more intense than the MBP in lesions > 2 cm and more than background uptake in lesions < 2 cm that
are consistent with involvement on CT.

Kostakoglu et al (2012)"and  Positive: focal or diffuse FDG uptake above background in a location incompatible with normal anatomy or physiology, w/o. a

Straus et al (2011)** specific standardized uptake value cut-off.

Markova et al (2012) Negative: a mild and diffusely increased uptake at the site of the residual mass w. an intensity lower than or equal to the MBP.

Le Roux et al (2011) MBP is the reference background to determine positivity for a residual mass > 2 cm in greatest transverse diameter, regardless
of its location. For, smaller residual lesions, positive if activity is above that of surrounding background.

Dann et al (2010) Compared to MBP, negative: 0-2, positive: 3-4

Markova et al (2009) Negative: a mild and diffusely increased uptake at the site of the residual mass w. an intensity lower than or equal to the MBP.

Positive: if focal or diffuse uptake was seen above background in a location incompatible with normal anatomy or physiology,
w/o. a specific standardized uptake cut-off value.

Gallamini Criteria (N=3 Studies)

Kajary et al (2014) Regardless of size, FDG activity greater relative to MBP is positive.

Le Roux et al (2011) Irrespective of size, positivity only in the presence of focal uptake outside the physiological uptake areas with clearly increased
activity relative to the MBP.

Dann et al (2010) Compared to liver, negative: 0-2, positive: 3-4

Abbreviations: CT, computed tomography; FDG, 2-[18F]fluoro-2-deoxy-D-glucose; IHP, International Harmonization Project; MBP, mediastinal blood pool; PET, positron emission tomography; w, with; w/o,
without.

1 As specified in the study, taken from IHP and Cheson et al (2007).

*Note: indicating studies that used more than one interpretation.

**Note: Kostakoglu (2012) and Straus (2011) represent the same study in this regard, and only counted once.
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Table 4b. Details of PET Interpretation and Scoring for Studies Using Other Reporting Criteria

Author (Year)

Details

Other criteria (N=9 Studies)

Rigacci et al (2015)

Barnes et al (2011)
Le Roux et al (2011)

Luminari et al (2011)
Dann et al (2010)*
Advani et al (2007)
Zinzani et al (2004)
Guay et al (2003)

Hueltenschmidt et al (2001)

Negative: absence of increased FDG uptake outside the physiological sites of radionucleotide concentration. Positive: presence
of focal concentration of FDG outside the areas of physiological uptake with a value increased relative to background.
Negative: 0-1, positive: 2-4

Negative: no FDG uptake above local background in sites previously involved. Positive: all other findings were considered
positive, including faint residual uptake.

Scans were recoded as positive or negative if the presence/absence was clearly indicated in the report. Indefinite wording were
considered inconclusive and not further analyzed.

Negative: no abnormal uptake. Positive: any focus of abnormal uptake (not related to physiological or benign tracer uptake;
compared with baseline, negative: 0-2, positive: 3-4.

Negative or positive for residual disease based on visual analysis.

Areas of focal uptake were interpreted as positive for lymphoma unless they were at the sites of known accumulation.

All foci of elevated FDG uptake not explainable by physiologic uptake represented viable lymphoma. Scans were classified as
positive or negative.

Any focus of FDG uptake exceeding the normal FDG uptake in the respective area was considered to represent lymphoma
involvement. Equivocal FDG-PET readings were classified as negative.

Abbreviations: CT, computed tomography; FDG, 2-[18F]fluoro-2-deoxy-D-glucose; IHP, International Harmonization Project; MBP, mediastinal blood pool; PET, positron emission tomography; w/o, without.
*Note: indicating studies that used more than one interpretation.
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Table 5. Deauville (Five-Point) Criteria Definition of Positivity (N=9 Studies)

Score of 3
Author (Year) Overall PET Scoring Negative Positive
Radford et al (2015) Negative: 1-2, positive: 3-5 - v
Rigacci et al (2015) Negative: 1-3, positive: 4-5 v -
Simontacchi et al (2015)* Negative: 1-2, positive: >3 - v
Negative: 1-3, positive: >4 v -
Hutchings et al (2014) Negative: 1-3, positive: 4-5 v -
Kajary et al (2014)* The threshold for positivity is MBP activity (score=3) - I
The threshold for positivity is liver activity (score=4) I -
Negative: 1-4, positive: 5 v -
Rossi et al (2014) Negative: 1-3, positive: 4-5 v -
Kostakoglu et al (2012) Negative: 1-3, positive: 4-5 v -
Gallamini et al (2011) Negative: 1-3, positive: 4-5 v -
Le Roux et al (2011) Negative: 1-4, positive: 5 I -
Abbreviations: MBP, mediastinal blood pool; PET, positron emission tomography.
*Note: indicating studies that used more than one interpretation.
Deauville five-point scale as follows (Cheson et al., 2014; Barrington et al., 2014):
1 = no uptake.
2 = uptake < mediastinum.
3 = uptake > mediastinum < liver.
4 = uptake moderately higher than liver.
5 = uptake markedly higher than liver and/or new lesions.
X = new areas of uptake unlikely to be related to lymphoma.
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Table 6a. Outcome: Performance Metrics of Interim PET Use (N=8 Studies)

%

Performance Metrics [% + (95% CI)]"

Author (Year) and Criteria +ve Details of PET Use SP (%) PPV (%) NPV (%)
*Rigacci et al (2015)
Other 14.6  After cycle 2 of ABVD nearest the first part 92.0 53.0 95.0
Deauville (+ve 24) 10.2 of cycle 3 (m: 12d, R: 9-16 d) 97.0 73.0 96.0
Hutchings et al (2014)
Deauville (+ve 24) 30.3 Performed after cycle 1 44.4 96.8
Deauville (+ve 24) 14.6 Performed after cycle 2 61.5 92.1
Rossi et al (2014)
Deauville (+ve 24) 22.0  Performed after 2 cycles of anthracycline- 84.0 46.0 85.0
based CT for all pts
*Kostakoglu et al (2012)
IHP (PET, PET/CT) 27.3  After 2 cycles of AVG, performed 0-6 d prior 80.6 (60.0-89.0) 45.8 (26.0-67.0) 84.4 (73.0-92.0)
Deauville (PET, PET/CT) (+ve 24) 18.2 to cycle 3 88.1 (78.0-95.0) 50.0 (25.0-75.0) 81.9 (71.0-90.0)
Deauville (PET/CT) (+ve 24) 17.6 89.5 (78.5-96.0) 53.8 (25.0-81.0) 83.6 (72.0-92.0)
**Markova et al (2012), IHP 26.1 Performed after 4 cycles of BEACOPP (as - - 98.0(94.0-100.0)
close as possible to the 5% cycle)
*Le Roux et al (2011)
Other 34.4 16.0 95.0
IHP 28.9 After 4 cycles of ABVD 19.0 95.0
Gallamini 22.2 25.0 95.0
Deauville (+ve=5) 12.2 45.0 96.0
*Dann et al (2010)
Other 25.0 78.0 (69.0-87.0) 21.0 (5.0-37.0) 94.0 (88.0-99.0)
IHP 21.9 After the 1%t or 2" cycle of BEACOPP 80.0 (72.0-88.0) 19.0 (2.0-36.0) 93.0 (87.0-99.0)
Gallamini 16.7 85.0 (77.0-92.0) 19.0 (0-38.0) 92.0 (86.0-98.0)
Other 6.3 96.0 (93.0-100.0) 50.0 (10.0-90.0) 93.0 (88.0-98.0)
Markova et al (2009), IHP 28.0 After 4 cycles of BEACOPP, as close as - 14.0 (12.0-16.0)  97.0 (94.0-100.0)
possible to the 5™ cycle of CT
RANGE: 33.0 to 68.0 78.0 t0 97.0 14.0 to 73.0 81.9 t0 98.0

Abbreviations: ABVD, adriamycin, bleomycin, vinblastine, dacarbazine; AVG, doxorubicin, vinblastine, gemcitabine; BEACOPP, bleomycin, etoposide, doxorubicin, cyclophosphamide, vincristine, procarbazine, prednisone; Cl,
confidence interval; CT, computed tomography; d, days; IHP, International Harmonization Project; m, median; NPV, negative predictive value; PET, positron emission tomography; PPV, positive predictive value; pts, patients; R,

range; SN, sensitivity; SP, specificity.

1 All studies used clinical follow-up with or without pathology confirmation as the reference standard.
*Note: indicating studies that used more than one interpretation criteria.
**Note: indicating studies that included both interim PET and final PET.
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Table 6b. Outcome: Performance Metrics of Final PET Use (N=4 Studies)

9% Performance Metrics [% + (95% CI)]"
Author (Year) and Criteria +ve Details of PET Use SN (%) SP (%) PPV (%) NPV (%)
*Kajary et al (2014)
IHP 24.2 For pts that had ABVD alone, PET was 90.9 89.1 62.5 98.0
Deauville (MBP) 24.2  performed at a minimum of 24 d after the 90.9 89.1 62.5 98.0
Deauville (Liver) 21.2 last day of CT (betw. 24-76 d, m: 35 d). For 90.9 92.7 71.4 98.1
Deauville (+ve=5) 13.6 pts that had CT plus RT, PET was performed 72.7 98.2 88.9 94.7
Gallamini 19.7 at least 8 wks after RT for 38 pts and betw. 81.8 92.7 69.2 96.2
5-8 wks for 8 pts (m: 12 wks, R: 5-35 wks)
**Markova et al (2012), IHP 13.4  After 6/8 cycles (within 2-6 wks of the last - - - 95.0(87.0-100.0)
application of CT)
Straus et al (2011), IHP 18.8 1-2 wks after 6 cycles of AVG 55.0 (31.5-76.9) 93.3 (83.8-98.2) 73.3 (44.9-92.2) 86.1 (75.3-93.5)
Guay et al (2003), Other 25.0 After the completion of therapy 79.0 97.0 92.0 92.0
RANGE: 55.0 t0 90.9 89.1 t0 98.2 62.51t092.0 86.1 t0 98.1

Abbreviations: ABVD, adriamycin, bleomycin, vinblastine, dacarbazine; btw., between; Cl, confidence interval; CT, computed tomography; d, days; IHP, International Harmonization Project; m, median; MBP, mediastinal blood
pool; NPV, negative predictive value; PET, positron emission tomography; PPV, positive predictive value; pts, patients; R, range; RT, radiotherapy; SN, sensitivity; SP, specificity; wks, weeks.

1 All studies used clinical follow-up with or without pathology confirmation as the reference standard.

*Note: indicating studies that used more than one interpretation criteria.

**Note: indicating studies that included both interim PET and final PET.
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Table 7. Clinical Activities Following a Positive End-of-Treatment PET Scan (N=9 Studies)

Author (Year)

Clinical Activities

Repeat
PET

Treatment

Details

Iltis et al (2015)

Kajary et al (2014)

Markova et al (2012)

Straus et al (2011)

Dann et al (2010)

Markova et al (2009)

Advani et al (2007)

Zinzani et al (2004)

Hueltenschmidt et al
(2001)

Scan

Biopsy

Change
I

After salvage therapy, another PET scan was done and PET-positive
pts after 2 cycles of salvage therapy received third-line therapy
until CR and were auto- and/or allografted. (After salvage therapy,
PET-negative pts received BCNU, BEAM for autografting).

A PET-positive scan in a pt who presented any evidence of disease,
progression or relapse was confirmed as progression on CT and/or
cytology or histology and/or clinical symptoms.

Local RT (30 Gy) restricted to pts who had PR w. residual mass >
2.5 cm after CT and PET(+) at the completion of 6-8 cycles
BEACOPP therapy.

Residual disease (after 6 cycles of CT) was assessed among PET(+)
patients by biopsy, if clinically feasible (or by following until
relapse).

If FDG uptake was present in only a single site at the end of
therapy, major attempts were made to obtain tissue specimens for
histological examination prior to taking a decision about therapy
failure.

Local RT (30 Gy) was restricted to those pts who had a partial
remission w. residual mass > 2.5 cm after CT and who were F-
PET(+).

After completion of RT, suspected relapses were confirmed in all
cases with histologic dx, and if confirmed, pts were treated with
high-dose therapy with autologous stem-cell support.

Among the 5 pts who were CT(-)/PET(+) after treatment, all were
submitted to a lymph node biopsy.

Abnormal PET foci were judged as true-positives/false-positive for
lymphoma involvement, provided this finding was
confirmed/excluded by biopsy and/or the further course of the
disease. There were 5/51 (9.8%) pts that had a subsequent scan.

Abbreviations: BEACOPP, bleomycin, etoposide, doxorubicin, cyclophosphamide, vincristine, procarbazine, prednisone; BEAM, etoposide, cytosine, arabinosid, melphalan;
BCNU, high-dose carmustine; CR, complete response; CT, computed tomography; dx, diagnosis; F-PET, final PET; FDG, 2-[18F]fluoro-2-deoxy-D-glucose; GY, gray; PET,
positron emission tomography; PR, partial response; pts, patients; RT, radiotherapy; w, with; w/o, without.
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Table 8. Results of Biopsies Following a Positive End-of-Treatment PET Scan (N=6 Studies)

Author (Year)

Results

Kajary et al (2014)

Straus et al (2011)

Dann et al (2010)

Advani et al (2007)

Zinzani et al (2004)

Hueltenschmidt et al (2001)

Of 65 patients who were followed for a minimum of 20 months of follow-up, 10/65 patients experienced therapy failure
(any evidence of disease, progression, or relapse) during follow-up care, which was confirmed with cytology or histology in
only 4/10 patients. The remaining 6/10 patients showed obvious progression on CT, and 3/6 patients also had serious
clinical symptoms, therefore the treating physician decided to start additional therapy without histological confirmation.

Of 23 relapses, 18 were documented by biopsy [15 in primary sites, 7 in both primary and new sites, 1 in a new site only].

There were 2/3 patients who were treated initially with escalated BEACOPP and had a positive interim PET scan showing a
single residual mediastinal mass and therefore received four further cycles of escalated BEACOPP followed by radiation
therapy. Further, these two patients had a positive end-of-therapy scan taken three months after radiation therapy.
Biopsies from these two patients appeared negative and they had no evidence of disease progression.

Among 81 patients treated with combined-modality therapy including the Stanford V regimen, 7/81 patients who had an
end-of-therapy PET scan experienced a biopsy-confirmed relapse (median time of relapse: 14 months for positive end-of-
therapy PET scans vs. 16 months negative end-of-therapy PET scans).

Among the five patients that underwent lymph node biopsy following an end-of-therapy positive PET scan, histological
confirmation of HL was made in one patient, and this patient also relapsed.

Among 51 patients who had an end-of-therapy PET scan, including repeat scans in some patients, there were 63 end-of-
therapy PET scans performed, of which three scans were determined to be incorrect (patient 1: thymus uptake was
revealed by histology to be thymus hyperplasia; patient 2: inflammatory lung process was revealed by histology to be
thyroid adenoma; patient 3: negative CT scan was revealed by histology to be active disease and the patient was
scheduled for involved field irradiation).

Abbreviations: BEACOPP, bleomycin, etoposide, doxorubicin, cyclophosphamide, vincristine, procarbazine, prednisone; CT, chemotherapy; HL, Hodgkin lymphoma; PET, positron emission tomography.

Appendices - March 22, 2016

Page 34



Appendix 7: Quality of Evidence

Table 1. Quality Assessment by QUADAS-2? (N=11 studies)

Risk of Bias* Applicability Concerns

Patient Index Reference Flow and Patient Index  Reference

Study Selection Test Standard Timing Selection Test Standard
Rigacci et al (2015) © ©/3' /8" ©/2 © © ©
Hutchings et al (2014) ® © /3" ©/1 © © ©
Kajary et al (2014) © © /"’ ©/1 © © ©
Rossi et al (2014) © © ©/e"* ®/ © ©) ©
Kostakoglu et al (2012) ® © ©/a"? ®/7 © © ©
Markova et al (2012) ©) ©/@' /e ©/2 © © ©
Le Roux et al (2011) ® o) e/e" ©/1 © © ©
Straus et al (2011) ® © ©/a"? ®/7 © © ©
Dann et al (2010) ® ©/e" ©/@" ©/2 © © ©
Markova et al (2009) ®" ©/®' ©/e" ©/2 © © ©
Guay et al (2003) © ©/3®' ©/a"%3 ©/2 © © ©
Overall: ©/® ©/® ® O/ © © ©

Abbreviations: FN, false negative; FP, false positive; GHSG, German Hodgkin Study Group; IWG, International Working Group; PET, positron emission
tomography; TN, true negative; TP, true positive.
2 ©Low risk (No limitations), ®High risk (Limitations), ? Unclear risk
1 Blinding of reader to treatment outcomes or index PET scans not reported.
2 Methods not clearly described e.g., definition of a ‘disease-positive patient’.
3 Kajary (2014) and Dann (2010) confirmed treatment outcomes. Hutchings (2014) and Guay (2003) included biopsy-confirmed relapses.
4 Studies provided some sort of definition of TP, TN, FP, FP for their calculations.
5 Criteria used not specified, although definitions of TP, TN, FP, and FN were reported.
6 Treatment strategy included anthracycline-based CT not otherwise specified.
7 Treatment strategy included no radiation.
8 Prospective PET scan interpretation in light of baseline scan; retrospective PET scan interpretation was blinded to treatment outcomes.
9 Blinding of reader to treatment outcomes was not reported across all PET interpretation criteria.
10 Although patients were part of the GHSG study population, randomization was not maintained for the current study population.

*Specific risk of bias criteria used:

Patient selection: No limitations (®): consecutive sampling in a given time period and population, random sample with method provided; Limitation (®): patient selection not reported
or not specified.

Index test: No limitations if answered yes; limitations if answer is no. For, (a) blinding of reader, (b) used a pre-specified criteria, (c) threshold or definition of positivity stated.
Reference standard: No limitations if answered yes; limitations if answer is no. For, (a) blinding of reader, (b) provided a description of the reference standard being clinical follow-up
with or without pathology confirmation e.g., laboratory, PET imaging, non-PET imaging, or symptoms or (c) provided the response criteria for determining treatment failure.

Flow and timing: No limitations if answered yes; limitations if answer is no. For, (a) where there appropriate interventions or any interventions between the index test and the
reference standard, such as treatment provided or the specific timing of the index text, (b) length of follow-up, (c) did all patients receive the same reference standard.
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Appendix 8: Published Guidelines on Treatment Response Criteria

Table 1. Treatment Response Criteria and Evaluation

Treatment Response Criteria

Treatment Response Categories

Treatment Response Evaluation

Cheson et al (2014)

Lugano Classification

Cheson et al (2007)

International Harmonization
Project

Cheson et al (1999)

International Working Group

Complete

Partial

No response or stable disease
Progressive disease

Complete

Partial remission

Stable disease

Relapsed or progressive disease

Complete

Complete (unconfirmed)
Partial remission
Relapse/progression

PET/CT based treatment
responses using the Deauville
five-point scale for FDG-avid
histologies

CT-based treatment responses
for non-avid histologies

PET/CT and/or CT based
treatment responses by visual
analysis

Clinical, radiologic (i.e., CT scan)

and pathologic criteria

Abbreviations: CT, computed tomography; FDG, 2-[18F]fluoro-2-deoxy-D-glucose; PET, positron emission tomography.
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Appendix 9: Sub-Analysis

Table 1. Details of Therapy Management for Included Studies (N=20 Studies)

Risk-
Adapted
Author (Year) Chemotherapy and Radiation Therapy Description Radiation = Therapy
Clinical Trials
Radford et al (2015)  Three cycles of standard ABVD treatment. |-PET(+) pts received a 4™ ABVD cycle and IFRT. I-PET(-) pts were I v
randomly assigned in a 1:1 ratio to receive 30 Gy IFRT or no further treatment. Second line treatment among |-
PET(-) pts for recurrent disease included high-dose CT and subsequent autologous stem-cell transplantation.
Second line treatment among I-PET(+) pts included transplantation (autologous [7 pts], allogeneic [1 pt]).
Kostakoglu et al Each AVG cycle was administered by IV on days 1 and 15. Cycles were repeated every 28 days for a total of 6 No No
(2012) cycles.
Straus et al (2011) Each AVE cycle was administered by IV on days 1 and 15. Cycles were repeated every 28 days for a total of 6 No No
cycles.
Observational Studies
Iltis et al (2015) Using the prognostic scoring system, pts categorized as early stage received 3 cycles of ABVD, pts categorized I I
as intermediate risk received 6 cycles of ABVD or 3 cycles of VABEM, pts categorized as advanced stage
received 8 cycles of ABVD or 3 cycles of VABEM. I-PET(+) pts received salvage therapy consisting of VABEM (for
pts who were treated with ABVD as first-line CT) and platinum-containing regime for pts who were treated
with VABEM as first-line CT. I-PET(-) pts received the originally planned therapy. After salvage therapy,
another PET scan was done and PET-positive pts after 2 cycles of salvage therapy received third-line therapy
until CR and were auto- and/or allografted. After salvage therapy, PET-negative pts received BCNU, BEAM for
autografting. IFRT (20 or 30 Gy) was performed after the completion of CT in pts of CR on intial sites for early
stage or bulky disease. There were 24 pts that received RT in CR after the completion of first-line CT.
Rigacci et al (2015)  All pts treated with 4 cycles ABVD followed by IFRT (30-32 Gy). ABVD was provided as standard therapy, NOS. v No
Simontacchi et al All pts received first 2 cycles of ABVD, with subsequenct cycles and modifications determined by treating I v
(2015) hemato-oncologist. All pts received RT to initial sites of disease (involved field or involved nodal and site). All
pts received RT after CT, within 4-6 weeks.
Hutchings et al Early stage pts received 2-4 cycles of ABVD, days 1 and 15 of 28-day cycle, followed by RT to initially involved v No
(2014) LN or nodal areas, or with 6 cycles of ABVD. Advanced stage pts received 6-8 cycles of ABVD + RT. Five pts
with advanced stage + adverse risk factors received 8 cycles of escBEACOPP.
Kajary et al (2014) CT alone was given to 20 pts of either 4 or 6 cycles of ABVD. CT + RT was given to 46 pts (4 or 6 cycles of I No
ABVD).
Rossi et al (2014) Stage | or II: 4-6 cycles of anthracycline-based CT followed by 20-36 Gy IFRT. Stage Ill or IV: 8 cycles of I No
anthracycline-based CT. Treatment was not changed on the basis of I-PET results.
Markova et al (2012) Treated according to GHSG trial. Arm A: 8 cycles of BEACOPP (escalated), Arm B: 6 cycles of BEACOPP v No
(escalated), Arm C: 8 cycles of time-condensed BEACOPP14 (baseline). Local RT was restricted to those pts
who had partial remission w. residual mass > 2.5 cm after CT and who were PET positive after the completion
of 6-8 cycles of BEACOPP.
Barnes et al (2011) Most patients received 6 cycles of ABVD (43%), or 6 cycles of ABVD plus IFRT (30%), or 4 cycles of ABVD plus I No

IFRT (26%), or 4 cycles of ABVD (1%).
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Gallamini et al Treatment with 2 cycles of ABVD. Then, I-PET(+) pts had CT intensification with BEACOPP, w. no changes in I I

(2011) planned RT schedule. I-PET(-) pts continued with ABVD for a total of 6 cycles. For all pts, consolidation RT was
given after CT (up to total dose of 36 Gy).
Le Roux et al (2011)  I-PET(+) but with complete response on CT: had IFRT for early favourable HL or an additional 4 cycles of ABVD I v

for early unfavourable HL. The remaining I-PET(+) pts had escalation therapy by ASCT conditioned by BEAM
high-dose CT. I-PET(-) and no progression on CT: had IFRT for early favourable HL or an additional 4 cycles of
ABVD for early unfavourable HL.

Luminari et al Treatment included ABVD/ABVD-like (n=116, 85%), intensified CT e.g. BEACOPP, COPP/EBV/CAD (n=11, 8%), I v
(2011) CT w/o ADM e.g. VBM, MOPP (n=6, 4%), RT/palliative (n=3, 3%). RT at the end of CT was given to 72 pts.
Dann et al (2010) Risk-adapted BEACOPP. If IPS < 2, then pts treated with 2 initial cycles of std BEACOPP. If IPS > 3, then pts v v

treated with 2 initial cycles of escalated BEACOPP. |-PET(+) pts initially treated with std or escalated BEACOPP
were given 4 cycles of escalated BEACOPP. I-PET(-) pts received 4 cycles of std BEACOPP. RT was given to pts
with bulky mediastinal mass, I-PET(+), or both, and early disease (180 Gy).
Markova et al (2009) 19 pts received 8 cycles BEACOPP (escalated), 16 pts received 6 cycles BEACOPP (escalated), or 15 pts I No
received 8 cycles of time-condensed BEACOPP14 (baseline). Local RT (30 Gy) was restricted to those pts who
had a partial remission w. residual mass > 2.5 cm after CT and who were F-PET(+).
Advani et al (2007) Pts were treated with the Stanford V regime, as previously described, w. 8 or 12 weeks of CT depending on if v No'
pts had favourable stage I/11 asymptomatic (nonbulky mediastinal) (8 weeks, 43.2% of pts) or those pts w.
bulky mediastinal disease or stage IlI/1V disease (12 weeks, 56.8% of pts). RT at 30 Gy was given to involved
sites in favourable stage /1l pts and 36 Gy to sites > 5 cm and macroscopic splenic disease in all other pts.
Some pts (6 pts) w. favourable stage I/ll received 20 Gy to involved sites as part of a prior study.

Zinzani et al (2004) HL patients were treated with 4 or 6 cycles of ABVD. RT was performed at the clinician’s discretion (30-36 Gy). I No

Guay et al (2003) Chemotherapy alone was given to 17 pts (mean number of cycles was 7 cycles) with either MOPP or ABVD. v No
There were 31 pts that had CT plus RT (17 pts had RT before PET, whereas 14 pts had RT after PET).

Hueltenschmidt et Primary treatment before PET included CT for 48 pts (59.3%), radiotherapy for 7 pts (8.6%), and combined v No

al (2001) therapy (CT+RT) for 26 pts (32.1%).

Abbreviations: ABVD, adriamycin, bleomycin, vinblastine, dacarbazine; ADM, adriamycin; AVG, doxorubicin, vinblastine, gemcitabine; BEACOPP, bleomycin, etoposide, doxorubicin, cyclophosphamide,
vincristine, procarbazine, prednisone; BEAM, etoposide, cytosine, arabinosid, melphalan; BCNU, high-dose carmustine; CAD, lomustine, doxorubicin, vindesine; COPP, cyclophosphamide, vincristine,
procarbazine, prednisone; CR, complete response; CT, chemotherapy; EBV, epirubicin, bleomycin, vinblastine; F-PET, final PET; GHSG, German Hodgkin Study Group; GY, gray; HL, Hodgkin lymphoma; I-
PET, interim PET; IFRT, involved field radiotherpay; IV, intravenously; LN, lymph nodes; MOPP, chlormethnine, vincristine, procarbazine, prednisone or MOPP, mustargen, vincristine (oncovin),
procarbazine, prednisone (Guay 2003); NOS, not otherwise specified; PET, positron emission tomography; pts, patients; RT, radiotherapy; VABEM, vinblastine, doxorubicin, BCNU, etoposide,
methylprednisone; VBM, vinblastine; w, with.

1 Scan results after CT did not influence RT.
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