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Background: In low- to middle-income countries (LMICs) like South Africa, there is a need to understand the clinical
practices surrounding diagnosis and surveillance of paediatric Hodgkin lymphoma (HL) to reduce the burden on health
systems. Understanding the clinical utility of PET/CT scans may decrease repeated tissue biopsies during disease
surveillance.

Methods: This is a retrospective cohort study of patients aged less than 18 years treated for HL at Chris Hani Baragwanath
Academic Hospital from 1 January 2009 to 31 December 2018.

Results: Fifty-four patients were included in the study; male-to-female ratio was 5:1 with a mean age of 9 years. Seventy
per cent of patients (n = 38) received a PET/CT and tissue biopsy during their initial diagnostic workup, whereas 20.4%
(n = 11) of patients received a PET/CT and tissue biopsy during surveillance. Tissue biopsy and PET/CT showed slight
agreement (k = 0.14) in diagnosing relapsed disease during surveillance. The false negative rate for tissue biopsy during
surveillance was 42.9%. Surveillance PET/CT showed a positive predictive value (PPV) of 66.7% and negative predictive
value (NPV) of 100% when compared to tissue biopsy.

Conclusion: This study is the first cohort to explore the clinical utility of PET/CT scans and tissue biopsies in a low-
resourced setting. Our findings showed slight agreement between the modalities in diagnosing relapsed disease during
surveillance. A portion of this discordance can be attributed to false negative tissue biopsy results. While the sample is

limited, our findings are consistent with the high NPV of PET/CT scans of > 95% as is reported in the literature.
Keywords: clinical utility, PET/CT, Hodgkin lymphoma, South Africa, low- and middle-income countries

Introduction

Paediatric lymphomas are a major cause of morbidity and
mortality in children. Lymphomas are the second most
common paediatric cancer in Africa, with approximately
25% of paediatric lymphoma cases occurring in Africa.'?
This incidence is proportional to the African contribution to
the total population. However, a paucity of cancer registries
and the underdiagnosis of malignancies in low- and middle-
income countries (LMICs) indicates that the reported
incidence may be underestimated.®> Additionally, a high
burden of infectious diseases linked to the development of
certain lymphomas, such as human immunodeficiency virus
(HIV), may result in an increased prevalence.* There is a lack
of consensus regarding the burden of paediatric Hodgkin
lymphoma (HL) in South Africa. However, a recent study
reported that between 2000 and 2010, at least 294 patients
were diagnosed with HL lymphoma across 10 paediatric
oncology sites.’

South Africa’s overburdened healthcare system leads to
delays in presentation and diagnosis of HL. This results in
more advanced stage I1l or [V and extra-nodal lymphomatous
disease, and thus, an exacerbation in mortality.5® This places
a great demand for investigations and treatment regimens on
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an under-resourced system. These factors highlight the need
to determine the clinical utility of diagnostic modalities,
such as PET/CT, in order to utilise available tools effectively.
By utilising 18 fluorodeoxyglucose positron emission
tomography/computed tomography (*FDG PET/CT)
optimally, the number of invasive diagnostic procedures,
such as excisional biopsies or the recommended less invasive
core needle biopsies, performed by healthcare workers may
decrease and health system sustainability may improve.*!?
There is a lack of consensus regarding the practices
surrounding the diagnosis and surveillance of paediatric
lymphomas, however, the National Cancer Institute (NCI)
guidelines for HL recommend using imaging as a baseline
investigation for suspected HL.!! ®FDG PET/CT adds
benefit in preventing over- or undertreatment when used in
diagnosis and surveillance in HL."? FDG PET/CT has a
negative predictive value (NPV) ranging between 90-95%,
however a less impressive positive predictive value (PPV) of
roughly 25% for HL. PET/CT is, however, more sensitive for
determining the site of involvement of HL than conventional
modalities, such as CT or magnetic resonance imaging
(MRI).1*4 However, PET/CT shows some limitations in
the paediatric population, as it may show tracer avidity for
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non-malignant conditions including excess brown fat in
the neck region and post chemotherapy thymic rebound.'>
Other reasons for false positive scans include inflammation,
such as HIV and Epstein Barr virus (EBV) infections and in
tumour necrosis.'>!¢!7 Therefore, following a positive scan,
possible disease is then confirmed with a confirmatory tissue
biopsy, the gold standard investigation.

Patient history, physical examination and blood tests
are recommended for surveillance of relapsed disease.
The routine use of imaging during this period is not
yet recommended as the role of FDG PET/CT is still
evolving and, thus, lacks a definitive place in diagnosis
and surveillance. If relapsed disease is suspected, the initial
diagnostic process will be repeated. In the South African
setting, "8)FDG PET/CT has been used in paediatric HL since
2005." However, it is not widely available in the public
healthcare sector. Thus, its utility is not well established in
the detection of paediatric HL."” Within Gauteng, PET/CT is
only available at Charlotte Maxeke Johannesburg Academic
Hospital (CMJAH). Exploring the utility of PET/CT in the
South African setting during surveillance may provide a
basis for the expansion of access to the tool and inclusion of
the tool in future management strategies.

Patients and methods

The study is a retrospective, secondary analysis. Data was
collected from patients treated at Chris Hani Baragwanath
Academic Hospital (CHBAH) in the departments of
paediatric haematology and oncology and paediatric surgery
from 1 January 2009 to 31 December 2018. The sample
included patients aged 0-18 years old at the time who
were histologically diagnosed with HL. Patients where the
diagnosis of residual or relapsed disease was not made with
either PET/CT or tissue biopsy were excluded. Variables
included patient demographics, lymphoma subtypes,
initial and surveillance diagnostic modalities and relapse
outcomes. Follow-up and imaging modalities were decided
by treating oncology clinicians; the research team could
not retrospectively determine any objective tools used to
determine which modalities were used.

Descriptive statistics were used to analyse patient
demographics and histological subtype. Quantitative
variables were characterised by measures of central
tendency and dispersion. A Kaplan—Meier curve depicted
patient survival analysis. A non-parametric Fisher’s exact
test measured the significance of the relationship between
unpaired categorical variables. A p-value <0.05 was deemed
significant. Frequency tables assessed the accuracy of the
initial and surveillance diagnostic investigations. A Cohen’s
kappa coefficient assessed the correlation between PET/CT
and tissue biopsy results.

Results

Diagnosis and staging period
Sixty-one patients met our inclusion criteria, of which 88%
(n = 54) of the patient records were included in our study.
The remaining seven patient files were not located and
excluded. The demographic data for the remaining cohort is
depicted in Table I. A male preponderance is shown, and the
median age of diagnosis was 8 years.

Of the 54 patients, 35.1% (» = 19) had HIV and 7.4%
(n = 4) had comorbid EBV infection. Regarding the
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distribution of the histological subtypes of lymphoma, the
majority of patients were diagnosed with nodular sclerosing
lymphoma (Table I).

During initial staging, 62.9% (n = 34) of patients presented
with advanced stages of HL, which was defined as stage 3
or greater. With regards to initial diagnostic modalities
employed, most patients (70%, » = 38) had both a tissue
biopsy and PET/CT scan with frequencies of diagnostic
modality usage depicted in Table I.

In terms of relapsed disease, nodular sclerosing subtype
was the most prevalent (44.44%, n = 4), however there was
not a significant association between relapsed disease and
initial subtype as per Fisher’s exact test (p = 0.372). Patients
who initially presented with advanced disease tended to
present with relapsed disease during the surveillance period,
however again this was not statistically significant as per
Fisher’s exact test (p = 0.297) (Table II).

In terms of complications post tissue biopsy, of the 88.9%
(n = 48) of patients who underwent an initial tissue biopsy,
8.3% (n = 4) experienced complications due to infection.
There were no statistically significant associations between
initial biopsy complication and poor survival outcomes as
per Fisher’s exact test (p = 0.43).

Table I: Frequencies and percentages of data gathered (n = 54)

Absolute Percentage (%)
Frequency
Demographics
Male 45 83.33
Female 9 16.67
Male:Female ratio 5:1
Mean age (years) 9
Lymphoma subtype
Nodular sclerosing 23 42.59
Mixed cellularity 11 20.37
Lymphocyte depleted 5 9.26
Lymphocyte rich 1 1.85
Classic (unknown subtype) 8 14.81
Unspecified 6 11.11
Stage at presentation
1A 1 1.85
1B 0 0
2A 2 3.70
2B 11 20.37
3A 1 1.85
3B 10 18.52
4A 11 20.37
4B 12 22.22
Unknown 6 11.11
Initial diagnostic modality
PET/CT only 1 1.85
Tissue biopsy only 9 16.67
BMAT only 3 5.56
PET/CT & tissue biopsy 38 70.00
PET/CT & BMAT 1 1.85
Tissue biopsy & BMAT 1 1.85
CT & BMAT 1 1.85
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Table II: Association between initial histological subtype/lymphoma stage and relapsed disease

Relapse (n =9)

No relapse (n = 45)

Absolute Percentage Absolute Percentage
frequency (%) frequency (%)
Initial histological subtype Nodular sclerosing 4 44.44 19 42.22
Mixed cellularity 1 11.11 10 22.22
Fisher’s exact
Lymphocyte depleted 0 0 5 11.11 »=0372
Classic (unknown subtype) 2 2222 6 13.33
Unspecified 1 11.11 5 11.11
Initial lymphoma stage 1A 0 0 1 2.22
1B 0 0 0 0
2A 0 0 2 4.44
2B 0 0 11 24.44
Fisher’s exact
3A 0 0 1 222 p=0297
3B 3 33.33 7 15.56
4A 4 44.44 7 15.56
4B 2 2222 10 22.22
Unknown 0 0 6 13.33
Total patients « . ..
w54 Based on negative BMAT, LDH and clinical
picture
** Based on positive BMAT, LDH, FDG
L i uptake and clinical picture
*** Based on negative BMAT, LDH, biopsy
No surveillance Surveillance and clinical picture
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Table III: Surveillance results for PET/CT vs tissue biopsy

PET/CT Positive relapse Tissue biopsy negative remission Test not done Total
Positive Relapse 3 6 4 13
Negative Remission 0 2 16 18 Kapp = 0.14
Test Not Done 1 1 21 23 Agreement = 48.15%
Total 4 9 41 54
Kaplan-Meier survival estimate finding cannot be explained by the aforementioned studies,
1.00 nor by this study.
Nodular sclerosing subtype is the most common HL
075 subtype r.eported ip the .United Stgtgs, accounting for 80%
’ I of HL diagnoses in children. This is followed by mixed
cellularity (20%), with the other subtypes being rare.?
0.50 However, the nodular sclerosing subtype is less prevalent
among children in developing countries, only contributing
to 55% of HL diagnoses.”> While the nodular sclerosing
0.25 subtype was still the most common subtype in this study, it
only contributed to 43% of patients (n = 23), thus showing
lower prevalence as depicted in other developing countries.
0.00 Fifteen per cent (n = 8) of our study’s patients were only
0 1000 2000 3000 4000 5000

Analysis time

Figure 2: Kaplan—Meier curve showing survival of relapsed
patients (y-axis) over time in days (x-axis)

Surveillance period

We defined the surveillance period as the two-year period
following treatment completion. Sixty-one point one per
cent (n = 33) underwent surveillance investigations, the
pathway of which is depicted in Figure 1.

Tissue biopsy and PET/CT showed poor interrater
reliability (x = 0.14), indicating slight agreement with a
percentage of 48.2% (Table III). The false negative rate for
tissue biopsy when compared to PET/CT was 42.9%. The
PPV for surveillance PET/CT was 66.7% (95% CI 42.4%;
87.3%). The NPV was 100% (95% CI 81.6%; 100%).

Outcomes

During the surveillance period, 16.67% (n = 9) of patients
presented with relapsed disease. The median survival time
for relapsed patients was approximately 8 years following
diagnosis (Figure 2).

Discussion

This study provides an overview of the clinical utility of
PET/CT scans compared to tissue biopsy in the diagnosis
and surveillance of relapsed HL. Several differences were
identified between the sample characteristics represented by
this study and global trends. This study revealed a younger
age range of 9 years + 3.7 (o: £3.7), when compared to
high-income countries (HICs) where the average range
of presentation is 15-19 years.'® This younger age of
presentation is in keeping with data reported by other South
African studies.®*?* The younger mean age at diagnosis in our
cohort compared to HICs may be attributed to the increased
risk factors, such as EBV and HIV, for HL in the population.*
Global trends show paediatric HL presents with a slight male
predominance in HIC, however there is a large shift towards
male predominance in LMICs with a ratio of 3:1.2' This
study depicts a more significant male predominance with
a male-to-female ratio of 5:1. A definitive reason for this
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identified as having classic HL without a definitive subtype,
with a further 11% (n = 6) as unspecified HL, thus the true
incidence in our sample may vary.

While there is limited data on the stage at presentation
in paediatric HL in developing countries, a Brazilian study
conducted on adults with HL found that 65% of patients
presented with advanced disease.?* A South African study
by Geel et al. reported that 55% of their patients presented
with advanced stage HL.> Similarly, our study found that
62.9% (n = 34) presented with advanced disease. Potential
contributing factors to the late stage at presentation include
delayed diagnosis due to lack of access to healthcare and
appropriate diagnostic tools.?> This further emphasises
the importance of optimally utilising various diagnostic
modalities.

Based on our data, patients initially diagnosed with
nodular sclerosing lymphoma were most likely to experience
a relapse, however this relationship was not significant
(»p = 0.372). Additionally, patients with an initial staging
of 3B, 4A and 4B had a higher predisposition to relapse
(» = 0.297). These findings are in keeping with a larger
study that demonstrated relapse in patients with pretreatment
staging of 2B, 3B, or 4 disease.?

There is consensus among the guidelines regarding the
diagnostic value of PET/CT in the management of HL.'
PET/CT has a sensitivity and specificity of 80-95% and
90-95% respectively, and the NPV of PET/CT for excluding
HL is 95-99%. However, PET/CT had limited capabilities
in diagnosing relapsed disease, according to a study by
Rhodes et al. which reported a PPV of 52%. Le Roux and
colleagues report an even less impressive PPV ranging from
16-45%.272

Considering the limited sample size of our study, we were
unable to reliably comment on the PPV and NPV of PET/CT
scans when compared to tissue biopsy. A kappa statistic of
0.14, which corresponds to slight agreement, indicates that
PET/CT and tissue biopsy only agreed 48.15% of the time
when assessing relapsed or residual disease.

Two patients were treated for relapsed disease without
repeat biopsies based on clinical examination, biochemistry
and high FDG uptake on repeat PET/CT scans. There is
no single agreed-upon threshold value of FDG uptake to
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definitively dictate the presence of relapsed or residual
disease. A suggested cut-off point for a standardised uptake
value in the primary tumour has ranged between 5-20 kBq/
ml.3° The above two patients in our study had uptakes 0f 9.63
kBg/ml and 7.29 kBqg/ml respectively, both with recurrent
disease close to their initial site of disease.

Of the patients who underwent repeat tissue biopsies
during the surveillance period (n = 13), nine patients had
a negative biopsy. However, three patients were still
treated as relapses based on their positive PET/CT scans,
clinical picture and bone marrow aspirate and tissue
biopsy (BMAT). These false negative tissue biopsies may
be due to obscuring reactive inflammatory cells, partial
involvement of the sampled lymph node, sampling error and
misinterpretation of results.3! This may necessitate a review
of the usefulness of repeat tissue biopsy in our setting, where
negative biopsies still result in patients being treated for
relapse where their clinical condition or other investigations
warranted further treatment. A possible explanation for the
four false positive PET/CT results includes previous scar
tissue and inflammation.

The role of combined diagnostic strategies to diagnose
initial disease is clear. Seventy per cent (n =38) of our sample
set received both tissue biopsy and PET/CT, in keeping with
the standard diagnostic procedure.’' In the event where a
single diagnostic investigation was used for initial diagnosis
in this cohort, a tissue biopsy only or a BMAT only were
chosen more frequently than PET/CT alone. This is in
keeping with the National Comprehensive Cancer Network
(NCCN) guidelines which require histological confirmation
for the initial diagnosis.*

A combination of PET/CT and BMAT was only used
in one patient in our study. This combination is another
possible diagnostic method that could be explored in future
studies. This method would still be a viable option as it
meets the NCCN guideline requirements for histological
confirmation?” whilst sparing the child an invasive tissue
biopsy.

Of the patients who underwent surveillance, PET/CT
alone was used for 60.6% (n = 20) of patients, followed by a
combination of tissue biopsy and PET/CT, which accounted
for 33.33% (n = 11) of the sample. This shows that only 6%
(n = 2) of patients undergoing surveillance did not receive
a PET/CT scan, which speaks to good utilisation of PET/
CT as a surveillance tool. However, 42.7% of patients
(n = 21) from the original cohort did not receive any
surveillance investigations, as they were either lost to
follow-up or demised.

It is clear from this study, as well as the literature, that the
value of PET/CT for surveillance lies in its NPV. Clinically
this means that asymptomatic patients with negative PET/
CT scans likely do not require further histological workup.
Thus, the high level of utilisation and good NVP shown in
this study highlight the clinical utility of this tool. However,
due to its poor PPV and differences in the diagnostic
outcomes between the two modalities (x = 0.14), PET/CT
scans should not be used in isolation without a biopsy in
patients with positive PET/CT results.

The lack of consensus regarding diagnostic modalities
in this study reflect both the variability regarding the gold
standard for diagnosis of relapsed HL, as well as the effect of
resource limitations on HL care. While the sample size was
too small to determine statistically significant relationships
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between diagnostic modalities and the diagnosis of relapsed
disease, this study lays the foundation for future work in this
field.

Study limitations

This study only considers a small sample population.
Additionally, a considerable portion of our sample
population (39%, n = 21) was lost to follow-up, thereby
further limiting the sample size. The sample included in this
study received treatment at CHBAH, a public health sector
facility. This may have influenced the methods of diagnosis
due to resource limitations. Additionally, access to PET/
CT in the public sector in itself limits the application of the
findings due to the potential cost burden. CHBAH mainly
services patients from Soweto as well as select patients
without specialised care from other areas, thus creating a
specific real area bias in our study. Finally, variables such as
the cost of the diagnostic modality, time of hospital stay and
time to diagnosis, which may influence clinical utility due to
their impact on accessibility, were not considered.

Conclusion

This study is the first cohort study to explore the clinical
utility of PET/CT scans and tissue biopsy in managing HL
in a low-resourced setting. While the sample is small, the
findings are consistent with the demographic and diagnostic
data surrounding paediatric HL in developing countries.
The findings from this study suggest that positive PET/CT
scans should not be used in isolation in the surveillance
of paediatric HL without biopsies, as there is only slight
agreement between the two modalities. A portion of the
discordance can be attributed to false negative tissue biopsy
results of 42.9%. No patients had a negative PET/CT
during surveillance with a positive tissue biopsy result. This
highlights the importance of the NPV of PET/CT scans of
> 95% as reported in the literature. However, the poor PPV
of PET/CT scans limit their use in isolation. We recommend
further research be undertaken to evaluate the clinical utility
of PET/CT and the role of repeat tissue biopsy on a national
level to improve the management and outcomes of paediatric
HL in South Africa.
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