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Summary 

Post-transplant lymphoproliferative disorders (PTLDs) are a spectrum of hemato-
logical malignancies occurring after solid organ and hematopoietic stem cell trans-
plantation in the setting of pharmacological immunosuppression. In this already 
vulnerable population, PTLD constitutes a serious health burden, associated with 
high morbidity and mortality. Imaging modalities are essential in the management 
of these patients for accurate assessment of disease burden and prognosis. On-
going developments in the field of molecular imaging, including radiomics, new 
radiotracers, and cell free DNA phenotyping are promising adjunct tools which 
have the potential to improve the diagnosis and management of these patients.

The aim of this thesis was to investigate the role of imaging in the management 
of PTLD, with focus on [18F]FDG PET/CT. Additionally, we set out to explore new 
diagnostic methods with potential for clinical translation. In Part I (chapters 2-7), we 
reviewed the published literature on the role of different imaging modalities in PTLD 
and evaluated the diagnostic performance of [18F]FDG PET/CT for PTLD lesion de-
tection in adults and children. Furthermore, we explored the role of [18F]FDG PET/
CT semiquantification in PTLD for lesion classification and prognostication. In Part II  
(chapters 8-10) we proceeded to explore new avenues of research including: radio-
mics, identification of radiotracers adjunct to [18F]FDG and cfDNA analysis.

Chapter 1 places PTLD in the historical context of transplantation and introduces 
key concepts relating to epidemiology, pathophysiology and clinical features of this 
disorder. We highlight current diagnostic methods and provide an outline of the thesis.

Chapter 2 is a systematic review which provides an evidence-based guidance on 
the clinical value of advanced imaging modalities, including CT, MRI and [18F]FDG 
PET/CT in patients with PTLD. In total, 11 articles evaluating the diagnostic perfor-
mance of [18F]FDG PET(/CT) and one article evaluating the diagnostic performance 
of stand-alone CT for PTLD lesion detection were included. In the reviewed studies, 
at diagnosis [18F]FDG PET(/CT) identified additional metabolic foci not visualized by 
CT and/or MRI in 27.8% of cases, particularly extranodal lesions. Studies reported 
good [18F]FDG PET(/CT) detection performance, with sensitivity between 88%-89% 
and specificity between 89%-91%. Reported positive predictive value and negative 
predictive value were as high as 91%. At treatment response evaluation, [18F]FDG 
PET(/CT) findings altered or provided additional treatment guidance in 29% of ca-
ses. End of treatment [18F]FDG PET(/CT) as a predictor for relapse had a moderate 
sensitivity of 71%, a moderate specificity 73%, but a satisfactory negative predictive 
value of 92%. Finally, a negative end of treatment [18F]FDG PET(/CT) was reported to 
be a predictor of longer progression-free survival in two studies.
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Considering the differences in incidence and clinical presentation of PTLD in adults 
versus children, chapter 3 & 4 are two distinct articles aimed at evaluating the dia-
gnostic performance of [18F]FDG PET/CT for PTLD lesion detection in these two 
patient populations. Chapter 3 is a retrospective cohort study including 91 conse-
cutive adult patients with clinical suspicion of PTLD and a total of 97 [18F]FDG PET/
CT scans. Diagnostic performance of [18F]FDG PET/CT for detection of PTLD lesions 
as well as logistic regression analysis for factors expected to affect diagnostic yield 
were assessed. A PTLD diagnosis was histopathologically confirmed in 34 patients 
(35%). Sensitivity of [18F]FDG PET/CT was 85%, specificity 90%, positive predictive 
value 83%, and negative predictive value 92%, with good inter-observer variability 
(k=0.78). False-positive results were due to other malignancies or infections, while 
false-negative results occurred in cases interpreted as physiological uptake (adeno-
ids and rectum). Of the parameters hypothesized to be associated with a true-positi-
ve [18F]FDG PET/CT result (i.e., lactate dehydrogenase (LDH) levels, EBV-DNA load 
and [18F]FDG PET/CT timing after transplantation), only LDH was statistically signi-
ficant. Chapter 4 is a retrospective cohort study including 28 pediatric transplant re-
cipients who underwent a total of 32 [18F]FDG PET/CT scans due to a clinical suspi-
cion of PTLD. Additionally, original reports of 23 [18F]FDG PET/CT scans performed 
during treatment were correlated to pathology and follow-up. The diagnosis of PTLD 
was established in 14 patients (49%). Sensitivity, specificity, positive predictive value 
and negative predictive value of [18F]FDG PET/CT for the detection of PTLD in chil-
dren were 50%, 100%, 100%, and 72%, respectively. False-negative results occurred 
in patients with PTLD locations in the Waldeyer’s ring and small bowel with either 
non-destructive or polymorphic PTLD. Inter-observer variability was good (k=0.74). 
Two of six interim [18F]FDG PET/CT scans and three of eight end of treatment [18F]
FDG PET/CT scans were false-positive. We concluded that in pediatric patients with 
PTLD, [18F]FDG PET/CT has good specificity and positive predictive value but low 
to moderate sensitivity and negative predictive value for the detection of disease. 
During treatment response assessment, [18F]FDG PET/CT appears to have a limited 
role, given the observed high proportions of false-positive results both at interim and 
end of treatment evaluations.

In nuclear medicine, and particularly with [18F]FDG PET/CT imaging, standardized up-
take value (SUV) is the most recognized and investigated semiquantitative parameter. 
In chapter 5, we evaluated the utility of SUV to differentiate between PTLD morpho-
logical classifications according to World Health Organization. In a cohort of 96 pati-
ents with histopathologically confirmed PTLD and baseline [18F]FDG PET/CT, median 
SUVpeak at biopsy site was significantly higher in monomorphic PTLD compared to 
polymorphic and non-destructive subtypes. However, due to SUV overlap across the 
different subtypes, we concluded that these SUV parameters may only serve as an 
indication of PTLD morphology and cannot replace histopathological classification.
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Volumetric semiquantitative parameters such as metabolic tumor value (MTV) and 
total lesion glycolysis (TLG) are commonly investigated in immunocompetent pa-
tients with lymphoma but not in PTLD. In chapter 6, we presented the first study 
investigating the utility of these parameters in the prognostication of patients with 
PTLD. In a cohort of 88 patients with histopathologically confirmed PTLD, [18F]
FDG PET/CT whole-body volumetric quantitative parameters were not predictive 
of overall survival. Contrarily, high IPI and an EBV-negative tumor were found to be 
predictors of worse overall survival, while kidney transplant patients had a longer 
overall survival compared to other organ transplant recipients. 

[18F]FDG PET/CT semiquantitative parameters have been proposed as prognostic 
markers in classic Hodgkin lymphoma. Considering that necrosis as visualized by 
[18F]FDG PET/CT and CT has been shown to correlate with poorer prognosis, we 
investigated in chapter 7 the incidence of visual necrosis, its correlation with [18F]
FDG PET/CT semiquantitative parameters (SUVmax, SUVmean and SUVpeak, MTV and 
TLG) and the prognostic impact of these parameters. In a retrospective cohort of 
87 classic Hodgkin lymphoma cases, necrosis, as assessed by [18F]FDG PET/CT 
and CT, was observed in 18% of patients. Tumor necrosis was significantly associa-
ted with bulky disease and TLG. In an exploratory survival analysis, TLG and MTV 
were prognostic of progression free survival, while necrosis was not.

Chapter 8 is the first chapter in Part II, in which we focus on promising new de-
velopments. In this chapter, we evaluated whether radiomic features extracted 
from clinical baseline [18F]FDG PET/CT and analyzed by machine learning algo-
rithms may be used to discriminate between FL and DLBCL tumor lesions from 
patients with a histopathologically confirmed diagnosis. The study cohort included 
82 patients with DLBCL and 49 patients with FL. From the segmented lesions, 227 
DLBCL and 121 FL lesions were included for radiomic feature extraction. Machine 
learning classifiers were based on logistic regression and tree-based ensemble 
classifiers. As SUVmax is the most recognized [18F]FDG PET/CT semiquantitative 
parameter and has been the focus of previous studies on this topic, SUVmax based 
logistic regression model was compared against the machine learning classifiers. 
The best performing model was achieved with machine learning classifier Gradient 
Boosting, reaching an accuracy of 80% and an area under the receiver-operating 
characteristic (ROC) curve (AUC) of 0.86. SUVmax based logistic regression model 
had an accuracy of 70% and an AUC of 0.79. Gradient Boosting achieved a signifi-
cantly greater accuracy and AUC than the SUVmax based logistic regression model.

Although [18F]FDG PET/CT has become an integral imaging modality in the ma-
nagement of lymphoproliferative disorders, it has several limitations. Among these 
are the nonspecific nature of the radiotracer, with reduced sensitivity in areas of 
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high physiological glucose uptake. Considering the recent developments towards 
targeted therapy in the treatment of lymphomas, [18F]FDG PET/CT may not be 
suitable to accurately visualize target distribution. In chapter 9, we evaluated the 
existing literature on non-[18F]FDG molecular imaging in lymphoma. We aimed to 
examine the contribution of molecular imaging to the understanding of the biology 
of lymphoma and to discuss potential implications for the diagnostics and therapy 
of this disease. We observed that production of stable radiotracers with high yield 
and high specific activity for selected targets is feasible within the current context 
of molecular imaging expertise. Nonetheless, clinical translation of non-[18F]FDG 
tracers remains limited. In the future perspectives section, we referred to poten-
tial applications of molecular imaging within the context of personalized medicine, 
highlighting candidate radiotracer targets.

In chapter 10, we explored the feasibility of plasma cell free DNA (cfDNA) tumor 
genotyping with low coverage whole genome sequencing (lcWGS) to detect copy 
number aberrations (CNAs) and targeted sequencing to detect EBV DNA in 18 
patients diagnosed with monomorphic PTLD. We observed that lcWGS allows the 
detection of CNAs in diagnostic plasma samples of patients with monomorphic 
PTLD and that targeted sequencing reliably detected EBV reads in EBV-positive 
PTLD. Moreover, given the variety of PTLD oncogenic mechanisms, further ex-
ploration of single-nucleotide variants within targeted next generation sequencing 
analysis data may further establish the value of cfDNA as a disease biomarker and 
enable elucidation of mechanisms underlying PTLD tumorigenesis.

The final chapter, chapter 11, contextualizes the whole-work presented in the the-
sis, addressing some limitations of the current approaches and the clinical impli-
cations of the new developments.
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