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Post-transplant lymphoproliferative disorders  
in the historical context of transplantation

Post-transplant lymphoproliferative disorders (PTLDs) were first reported by the 
late 1960s, associated with loss of tumor surveillance by the immune system in im-
munosuppressed organ transplant recipients [1,2]. Although described as a serious 
complication, PTLD was initially considered a tolerable nuisance in comparison to 
the lifesaving benefits of organ transplantation [3]. Undoubtedly, organ transplan-
tation is one of the great achievements of modern medicine. Nevertheless, without 
immunosuppressive drugs, organ transplantation would have never achieved clini-
cal feasibility as the allograft organ elicits a strong response by the recipient’s im-
mune system. The immunosuppressive regiment pioneered by Dr. Thomas Starzl, 
consisting of prednisolone and azathioprine, translated organ transplantation from 
small animal studies and case reports into a clinical reality [4,5]. However, continu-
ed therapeutic immunosuppression would result in an increased incidence of ma-
lignancy in these patients [1]. De novo malignancies, and notably PTLDs, are now 
acknowledged to represent a considerable health burden in this already vulnerable 
population. Once thought to be a rare disease, recent studies have shown an in-
creasing incidence of PTLD in the last two decades due to longer longevity of re-
cipients, growing number of transplantations, new immunosuppressive regiments 
(particularly T-cell directed agents), increased disease awareness and diagnostic 
advances [6]. Organ transplantation is not only associated with financial costs, but 
also with significant emotional distress for patients and their families. As doctors 
and scientists, we have the moral obligation to continuously improve the manage-
ment of our patients and assure that no complication becomes a tolerable nuisan-
ce. In this thesis, we will explore new avenues to improve the diagnosis and ma-
nagement of (post-transplant) lymphoproliferative disorders, focusing on imaging. 
 
 
Epidemiology

Recipients of solid organ and allogeneic hematopoietic stem-cell transplants have 
an increased risk of malignancy compared to an immunocompetent population 
[6,7]. PTLD is particularly prevalent, being the second most common malignancy 
in adults (followed by nonmelanoma skin cancer) and the most common in chil-
dren after transplantation [8–10]. Compared to age- and gender-matched general 
population, adult organ transplant recipients have an 8-fold risk increase of deve-
loping lymphoma, while children are a specifically susceptible group with a 30-fold 
higher risk [11,12]. Incidence may vary from one to 20%, depending on multiple 
risk factors with varying degrees of evidence [6,13,14]. An established risk factor 
associated with PTLD development is Epstein-Barr virus (EBV)-status mismatch 
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between seropositive donors and seronegative recipients. Because only 20-25% 
of the children are EBV carriers by the age of five years, in contrast with 80-90% of 
the adult population, children are at an increased risk of developing this disorder 
[15,16]. Multi-organ, intestine, lung and heart organ transplant patients have the 
highest incidence rate of PTLD, varying between 5-20%. Kidney and liver trans-
plant patients have a lower incidence, generally between 1-5% [17–20]. Difference 
in incidence rate among the different organs has been attributed to the amount of 
lymphatic tissue in the allograft and the degree of immunosuppression. Although 
the individual contribution of each immunosuppression agent is not clear, it ap-
pears that intensity of induction therapy and duration of maintenance therapy are 
significant risk factors [6,16,21,22]. Regarding allogeneic hematopoietic stem-cell 
transplants, incidence rates are generally reported to be lower than 5%, but may 
exceed 10%, mainly dependent on the degree of human leukocyte matching and 
the need for T-cell depletion protocols before transplantation [23,24].

Pathophysiology & classification

PTLDs are lymphoid and/or plasmacytic proliferations characterized by a broad 
morphological spectrum. These range from EBV driven hyperplasia to malignant 
monoclonal proliferations, histologically indistinguishable from B-cell (or less com-
monly T/NK-cell) lymphomas in immunocompetent patients [25]. Pathophysiology 
of EBV-positive PTLD rely on the oncogenic properties of EBV for proliferation and 
survival. EBV hijacks the normal B-cell program, in which the B-cell will either un-
dergo viral replication and cell lysis (lytic phase) or enter a latent phase with partial 
EBV genome expression. Several viral proteins, including latent membrane protein 
(LMP)1 and LMP2A, are essential to stimulate proliferation, inhibit apoptosis and 
guide the infected B-cell through the germinal center reaction [26,27]. In immuno-
content hosts, EBV specific T-cells are able to identify and eliminate EBV infected 
B-cells, preventing uncontrolled proliferation. However, T-cell function is impaired 
in immunosuppressed post-transplant patients, potentiating abnormal prolifera-
tion and lymphoma development [26,28,29]. Regarding EBV-negative PTLD, it is 
hypothesized that the accumulation of somatic mutations may replace the onco-
genic activity of the EBV [30,31]. EBV-negative cases are characterized by a larger 
number of genomic aberrations when compared to EBV-positive PTLD, with ge-
nomic and transcriptomic features similar to those seen with diffuse large B-cell 
lymphoma (DLBCL) in immunocompetent patients [32,33].

Pathological diagnosis is based on the 2017 World Health Organization (WHO) 
classification, comprised of four main categories: non-destructive, polymorphic, 
monomorphic and classic Hodgkin lymphoma. Characterization is based on his-
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topathological, immunophenotype and genetic differences [25]. Non-destructive 
lesions (plasmacytic hyperplasia, infectious mononucleosis and florid follicular hy-
perplasia) are characterized by preserved lymphoid architecture with an admixture 
of polyclonal B-cells, plasma cells and T-cells without phenotypic aberrancy. Al-
most 100% of non-destructive cases are associated with EBV infection [34]. These 
lesions are most often localized in the tonsils and adenoids [6]. Patients may achie-
ve spontaneous complete remission of the disease with sole reduction of immu-
nosuppression [35,36]. Polymorphic PTLD consists of a heterogenous lymphoid 
maturation spectrum, with an extensive inflammatory background and a mixture 
of T-cells, plasma cells, macrophages, and dendritic cells [29]. There is evidence 
of underlying tissue destruction with possible necrosis, atypic nuclei and a high 
mitotic rate [13]. Nevertheless, it does not fulfil the criteria for B-cell or T-/NK-cell 
lymphomas in immunocompetent patients. Lesions are predominantly EBV-positi-
ve [18,37]. Polymorphic PTLD is a diagnostic challenge as some areas may appear 
monomorphic (suggesting a continuous spectrum with monomorphic PTLD) while 
other areas may include features similar to classical Hodgkin lymphoma [18]. Un-
like non-destructive PTLD lesions, there may be evidence of genomic alterations, 
particularly in the BCL-6 gene [26]. Therapeutically, some lesions may regress with 
reduction of immunosuppression alone, but rituximab (a monoclonal anti-CD20 
antibody) is advised as first-line therapy [38]. Monomorphic lymphoproliferative 
disorders are the most common type of PTLD among the post-transplant popu-
lation, accounting for 60-80% of the cases [18]. These lesions can be either of 
B-cell or T-cell origin, and resemble frank lymphomas seen in immunocompetent 
patients. Morphological variants include predominantly DLBCL, or less commonly 
Burkitt‘s lymphoma or plasmablastic lymphoma. Although commonly associated 
with EBV positivity, EBV-negative PTLD may comprise up to 50% of PTLD cases 
[27,39–42]. Risk-stratified sequential treatment has become standard following the 
PTLD-1 trial [40,43]. It consists of single-agent rituximab as initial therapy followed 
by either rituximab consolidation for patients achieving complete remission or a 
chemotherapy regiment with R-CHOP (rituximab, cyclophosphamide, doxorubicin, 
vincristine, prednisone) for those who did not achieve complete remission [40,43]. 
Classic Hodgkin lymphoma PTLD is a rare category, and its features should fulfil 
the diagnostic criteria for classic Hodgkin lymphoma in immunocompetent pa-
tients. It is mostly EBV-positive [34,44]

Clinical features

Clinical manifestations of PTLD are highly variable, and it is therefore essential 
to include PTLD in the differential diagnosis for a variety of post-transplantation 
clinical scenarios. Patients may be diagnosed while asymptomatic during routi-
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ne follow-up examination, but in 50% of cases non-specific symptoms such as 
fever, weight lost and malaise are initially present [45]. Other symptoms related 
to lymphadenopathy or organ dysfunction may also occur. In comparison to other 
non-Hodgkin lymphomas, PTLD is characterized by a high incidence of extranodal 
involvement, in up to 80% of patients [46,47]. Any organ may be involved, with 
particular high reported incidence in the gastrointestinal tract (20 to 30% of cases) 
and the allograft organ (10 to 15%) [6,42,46–48]. Central nervous system (CNS) 
involvement may also be present with varying degrees of reported incidence (5-
15%) [48,49].

PTLD can occur at any time, but incidence usually follows a bimodal curve, with a 
first incidence peak within the first year (early-onset) and a second occurring 5-15 
years after transplantation [14,15,20,50]. Although there is some conflicting eviden-
ce regarding the clinical implications of early-onset versus late-onset (onset after 
1-year post-transplantation) PTLD, these two groups have distinct characteristics. 
Non-destructive PTLD and polymorphic PTLD occur primarily as early-onset, yet 
this does not exclude the possibility of a monomorphic PTLD within the first year 
post-transplantation [18]. Additionally, early-onset PTLD is frequently EBV-positive 
and while associated with allograft involvement, it is less commonly extranodal as 
compared to late-onset PTLD [50–52].

Although risk-stratified sequential treatment and the introduction of rituximab 
have improved outcome, PTLD has been historically associated with high mortality 
rates, reported between 40-70% [23,26,40,53]. Reduction of immunosuppression 
with rituximab administration has demonstrated improved efficacy with comple-
te remission rates in approximately 50% of patients [54,55]. However, those not 
achieving complete remission must initiate chemotherapy with R-CHOP. Although 
risk-stratified treatment may further improve complete remission to 70%, CHOP 
related mortality remains considerable, as high as 30% [40,56].

PTLD in children vs. adults
Differences in epidemiology and in particular distinct clinical features between 
children and adults may affect disease management of PTLD in each patient group. 
Non-destructive and polymorphic PTLDs tend to occur at a younger age and are 
predominately EBV-positive. Particularly, non-destructive PTLD is most often seen 
in EBV-naive children [18]. In those expected to undergo primary EBV infection, 
viral load surveillance may support identification of patients at increased risk of 
developing PTLD, allowing for prompt reduction of immunosuppression [13,57–59]. 
This practice is however not recommended in adult PTLD patients according to 
current guidelines [13,59]. Furthermore, early detection of non-destructive PTLD is 
essential as these lesions may recede with only reduction of immunosuppression 
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[35,36]. Lesion location is also distinct between children and adult PTLD patients. 
Most commonly affected sites in children include the tonsils, the adenoids, as well 
as the gastrointestinal tract (15-30%) [60–64]. Given these clinical features, trea-
ting physicians must pay particular attention to subtle adenotonsillar hypertrophy 
or changes in bowel habits, as these may indicate early stage of disease [60]. In 
adults, the allograft, the lymph nodes and the gastrointestinal tract are the most 
commonly affected sites [42,65,66]. This is of particularly of importance as expec-
ted lesion location may influence choice of imaging modality and its diagnostic 
performance.

Diagnosis

With a varied clinical presentation and a heterogenous patient population, it is no 
surprise that PTLD constitutes a diagnostic challenge. When faced with a poten-
tial PTLD patient, clinicians must consider a broad differential diagnosis, including 
complications related to the procedure, allograft dysfunction and immunosuppres-
sion (including PTLD). Initial diagnostic evaluation will usually include a detailed 
anamnesis, physical examination, a complete blood count and a metabolic panel. 
This may provide diagnostic clues, but histopathological examination of the exci-
sed tissue remains necessary for PTLD confirmation [13,59]. However, one should 
bear in mind the inherent limitations of a biopsy as it remains an invasive procedu-
re with a risk of periprocedural complications, may be difficult to perform in hard to 
reach, deep-seated lesions and may not be representative due to areas of necrosis 
which impair interpretation. Moreover, a single biopsy site/sample is not always 
suited to demonstrate the full morphological heterogeneity of the disease [25]. Du-
ring management of transplant patients, other techniques may be employed to 
improve early detection, staging and treatment of PTLD. Many institutions incor-
porate monitoring of EBV load in an attempt to identify high risk patients [51,67,68]. 
Additionally, various imaging modalities may be used, although their relative im-
portance has yet to be thoroughly evaluated in PTLD patients. 

Epstein-Barr virus monitoring
Considerable clinical value has been conferred to EBV viral load monitoring for 
early detection, progression evaluation and as a marker of degree of immuno-
suppression in PTLD [51,57,67]. As EBV infected cells proliferate in the lymphoid 
tissues and transit into peripheral blood, it is hypothesized that EBV viral load mo-
nitoring may quantify increased turnover of EBV infected cells and reflect immuno-
pathologic changes leading to PTLD [69]. It is commonly carried out with real time 
quantitative polymerase chain reaction, making it a rapid, accurate and suitable 
method for widespread clinical application. Indeed, a large questionnaire-based 
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European study reported that 86% of transplant centers performed it as a routine 
clinical test and in 77% as a means to guide pre-emptive therapy [68]. However, 
some debate remains regarding its routine clinical use [13,59,70]. The standard-
ization methods recommend by the WHO for EBV nucleic acid amplification tech-
niques have addressed some issues related to quantification comparison across 
institutions [71]. Yet, there is still a lack of consensus regarding diagnostic EBV 
thresholds, time-points for monitoring and source of samples [6]. Furthermore, 
one must consider that EBV-negative PTLD, which may comprise up to 50% of ca-
ses, is not associated with a rise in EBV viral load [40–42]. Given the heterogeneity 
of the PTLD population and the lack of standardization, it is not surprising that 
the reported diagnostic performance of EBV viral load quantification varies widely. 
Sensitivity and negative predictive value may vary between 48-100% and 94-100%, 
respectively. Meanwhile, the variation for specificity and positive predictive value 
may be even greater (48-97% and 14-100%, respectively) [72]. As an additional 
tool, EBV viral load monitoring may be used to help identify high risk patients, but 
clinicians should be aware of its shortcomings. In this context, imaging may play 
an important role in the diagnostic and management of patients with PTLD.

Role of imaging in lymphoproliferative disorders
In patients with suspected PTLD, imaging may aid in the differential diagnosis, and 
it is essential for accurate staging and lesion localization. Due to the lack of PTLD 
specific studies, many centers employ strategies similar to those for lymphoma 
management in immunocompetent patients [73,74]. However, given the specific 
clinical characteristics of this disease, results from lymphoma in immunocompe-
tent patients cannot be directly inferred. Conventional imaging modalities such as 
ultrasound, computed tomography (CT) and magnetic resonance imaging (MRI) 
rely mainly on morphological information. Their choice depends on center availabi-
lity and suspected lesion location. In recent years, 2-[18F]fluoro-2-deoxy-D-glucose 
positron emission tomography/CT ([18F]FDG PET/CT) has gained clinical import-
ance as it combines both functional and anatomical information. Until now, only 
few studies evaluating the role of imaging modalities for the diagnosis and ma-
nagement of PTLD have been performed, frequently in small cohorts. As a result, 
new studies on this topic are warranted.

Ultrasound
Ultrasound uses high frequency sound waves to image different structures inside 
the body. It is an effective imaging modality for soft tissues, allowing real time as-
sessment of blood flow and organ movement. Due to the lack of ionizing radiation, 
it is suitable for pediatric patients in whom radiation exposure is a particular con-
cern. Ultrasound-guided biopsy allows real-time dynamic observation of tissues 
for accurate needle placement. However, this technique is not suitable for who-
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le-body imaging, is operator dependent with frequent artifacts and cannot image 
structures with high acoustical impedance accurately. The few studies evaluating 
the role of ultrasound in PTLD are limited to case-reports or just a few patients. 
They report that although ultrasound is a feasible technique to detect intra-abdo-
minal, soft-tissue PTLD lesions, its diagnostic performance is surpassed by that of 
CT and MRI [75–78].

Magnetic resonance imaging
MRI is based on magnetization of hydrogen ions nuclei and application of a radio-
frequency pulse for image generation. It produces high contrast soft tissue images 
without the use of ionizing radiation. Nevertheless, whole-body MRI may be li-
mited by long procedure times when patient conform may be an issue. Although 
the exact role of MRI in the diagnosis and staging of PTLD remains undefined, it 
is the preferred modality for craniospinal axis imaging [13,64]. The large majority 
of studies evaluating the role of MRI in PTLD are descriptive in nature and do not 
assess its diagnostic performance against other imaging modalities [49,64,77,79–
83]. CNS-PTLD has a broad differential diagnosis which may include primary CNS 
lymphoma, glioblastoma, metastatic disease, abscesses or infections [79]. On MRI, 
CNS-PTLD brain lesions are often described as ring enhancing with hill-defined 
margins, often multifocal, and located supratentorial or lobar [79,81,82].  

Computed tomography
CT uses x-rays to produce a reconstructed cross-sectional image of the body and 
allows for whole-body, high spatial resolution imaging within minutes. Potential 
complications associated with the use of contrast, such as serious allergic reac-
tions and contrast-induced nephrotoxicity, are a considerable drawback, particu-
larly in renal transplant patients. Additionally, patients are exposed to ionizing ra-
diation, which may be a concern in children undergoing multiple scans over their 
lifetime [84]. CT scanning is frequently used in transplant centers as part of the 
initial evaluation of PTLD for a single-body compartment or as a whole-body ima-
ging modality [13]. However, CT has been reported to have limited sensitivity for 
extranodal lesions detection which may be seen in up to 80% of patients with 
PTLD [46,47,85,86]. Furthermore, CT may not be suited to identify malignant chan-
ges in normal-sized structures, lesions with poor contrast against the surrounding 
tissues and bone marrow involvement [87].

[18F]FDG PET/CT
[18F]FDG PET/CT uses [18F]FDG (a glucose analogue) to visualize glucose meta-
bolism. Malignant tumors have higher [18F]FDG accumulation than healthy tissues 
due to higher rate of glycolysis (Warburg effect), over expression of the GLUT glu-
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cose transporters and increased hexokinase activity [88]. [18F]FDG PET/CT all-
ows for simultaneous functional and anatomical characterization of the tissues, 
which may be crucial in differentiating between (inactive) benign processes from 
malignant ones [73,89]. Nevertheless, some limitations of [18F]FDG PET/CT must 
be taken into consideration, including its relatively poor spatial resolution and the 
nonspecific nature of [18F]FDG, which also accumulates in physiological areas of 
high metabolic activity (e.g. brain, myocardium, brown fat, Waldeyer’s ring) and 
inflammation [90]. 

[18F]FDG PET/CT not only allows for anatomical lesion localization, but also for 
lesion semiquantification. Standard uptake values (SUVs - defined as the ratio of 
tissue radioactivity concentration at a given time and the administered dose per 
kilogram body weight of the patient) are a commonly investigated semiquantifica-
tion parameters and have been related to tumor aggressiveness and prognosis in 
immunocompetent lymphoma patients [91]. Beyond SUV, volumetric parameters 
such as metabolic tumor volume (MTV - defined as the total metabolically active 
volume of the segmented tumors) and total lesion glycolysis (TLG - defined as 
whole-body MTV × mean standardized uptake value contained within the volume 
of interest) have recently sparked interest as promising prognostic tools [92,93]. 
Extraction of radiomic features from radiographic medical images represents anot-
her promising approach to lesion semiquantification. In radiomics, large amounts 
of quantitative data contained in the digital image files can be extracted from a 
segmented volume of interest. It is hypothesized that these quantitative features 
may contain information about disease-specific processes which are undetecta-
ble through qualitative evaluation [94,95]. These features have also been shown 
to be associated to tumor aggressiveness and predict survival endpoints [96,97]. 
Although radiomic features may be extracted from a variety of imaging modali-
ties, [18F]FDG PET/CT allows simultaneous feature extraction form [18F]FDG PET 
and CT. This is of particular importance as multimodality image-feature modeling 
has been shown to have better performance than single modality [98]. Altogether,  
[18F]FDG PET/CT semiquantitative parameters may improve whole-body tumor 
characterization and supplement visual assessment [99].

Although [18F]FDG PET/CT is recommended for the management of other [18F]
FDG-avid lymphomas, its utility in PTLD has yet to be thoroughly investigated in 
PTLD patients [6,13,59,100,101]. [18F]FDG PET/CT has been reported to detect ad-
ditional extranodal lesions, which may impact staging and management of PTLD 
[51,102,103]. Furthermore, no studies have been performed with regard to [18F]FDG 
PET/CT semiquantification on PTLD lesions.
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New diagnostic biomarkers

Cell free DNA 
A novel method for detection of PTLD could be based on analysis of circulating 
free DNA (cfDNA) in which cancer specific mutations derived from tumor cells un-
dergoing apoptosis and necrosis can be detected in the plasma (circulating tumor 
DNA – ctDNA). cfDNA analysis using next generation sequencing allows moni-
toring tumor dynamics throughout the course of treatment in lymphoma patients 
and may identify patients at risk of recurrence before clinical evidence of disease 
[104,105]. Recent studies have demonstrated the feasibility of cfDNA for diagnosis 
and therapy monitoring of lymphomas in immunocompetent patients [105,106]. In 
patients with DLBCL, somatic mutations with variant allele frequencies of more 
than 20% in the diagnostic biopsy could accurately be identified in plasma cfDNA 
with a sensitivity of 90% and specificity of 100%. Furthermore, novel mutations 
were discovered by cfDNA analysis, possibly related to intratumor heterogenei-
ty. Throughout treatment with R-CHOP, responsive DLBCL patients showed rapid 
clearance of somatic mutations, while resistance patients did not [105]. In another 
study, Kurtz et al. evaluated the prognostic value of ctDNA before and during the-
rapy for survival outcomes in DLBCL patients. Pretreatment levels of ctDNA were 
highly correlated with the international prognostic index and event-free survival. 
After initial therapy, ctDNA dynamics were also prognostic for event free survival. 
Interestingly, combination of ctDNA dynamics and interim [18F]FDG PET/CT im-
proved stratification of patients for event-free and overall survival [106]. Given the 
promising results demonstrated in other hematological malignancies, cfDNA is an 
exciting biomarker to be investigated in patients with PTLD. 

Outline of the thesis 

Almost 70 years after the first organ transplantation, our understanding of this li-
fe-saving procedure and associated complications have improved. We no longer 
tolerate PTLD as a nuisance of organ transplantation, but some avenues remain 
unexplored regarding optimal patient management. As we have discussed throug-
hout this introduction, PTLD is characterized by a heterogenous population, mor-
phology and clinical presentation. Therefore, optimal use of imaging modalities 
and continuous exploration of new diagnostic methods will achieve the best ma-
nagement and outcome for our patients. In this thesis we investigate the role of 
imaging in the management of PTLD, with focus on [18F]FDG PET/CT and explore 
new diagnostic methods with potential for clinical translation. In Part I (chapters 
2-7), we review the published literature on the role of different imaging modalities 
in PTLD and evaluate the diagnostic performance of [18F]FDG PET/CT for PTLD le-
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sion detection in adults and children. Furthermore, we explore the role of [18F]FDG 
PET/CT semiquantification in PTLD for lesion classification and prognostication. 
In Part II (chapters 8-10) we proceed to explore new avenues of research including: 
radiomics, identification of radiotracers adjunct to [18F]FDG and cfDNA analysis.

In Chapter 2, we present a systematic-review and meta-analysis on the clinical va-
lue of different imaging modalities in PTLD. We review a total of 11 studies, evalua-
ting the clinical performance of MRI, CT, and [18F]FDG PET(/CT) for the diagnosis 
and treatment response evaluation of patients with PTLD. We compare each ima-
ging modality regarding lesion detection and its potential implications in patient 
management.

Considering the differences in incidence and clinical presentation of PTLD in adults 
vs. children, chapter 3 & 4 are two distinct articles evaluating the diagnostic per-
formance of [18F]FDG PET/CT for PTLD lesion detection in these two patient po-
pulations. In chapter 3, we evaluate the diagnostic performance of [18F]FDG PET/
CT for detection of PTLD in 91 consecutive adult patients with clinical suspicion 
of PTLD against a reference standard of histopathological reports or a two-year 
follow-up. Additionally, we examine if lactate dehydrogenase levels, EBV DNA load 
and timing after transplantation influence the detection performance of [18F]FDG 
PET/CT. Chapter 4 includes 28 pediatric transplant recipients who underwent a 
[18F]FDG PET/CT scan due to clinical suspicion of PTLD. We evaluate the diagno-
stic performance of [18F]FDG PET/CT for detection of PTLD lesions and identify 
causes for false-negative results. Additionally, performance of [18F]FDG PET/CT for 
lesion detection at interim response assessment and end of treatment is evaluated.

Chapter 5 and chapter 6 are collaboration studies between the University Medical 
Center Groningen and the University Hospitals Leuven to evaluate the utility of 
[18F]FDG PET/CT semiquantitative parameters in PTLD. In chapter 5, we explore if 
semiquantitative measurements including SUVmax (highest uptake voxel within the 
volume of interest), SUVpeak (mean of all voxels in the highest uptake 1ml sphere) 
and SUVmean (mean of all voxel SUV values contained within the background volu-
me of interest) can differentiate between PTLD WHO classifications in a cohort of 
96 patients with PTLD. In chapter 6, we perform the first study investigating the 
utility of [18F]FDG PET/CT whole-body volumetric quantitative measurements in 
the prognostication of patients with PTLD. In a cohort of 88 patients, we investi-
gate if [18F]FDG PET/CT whole-body volumetric quantitative measurements, MTV 
and TLG are predictors of overall survival. Prognostic value of the International 
Prognostic Index, organ transplant type, EBV tumor status, time after transplant, 
hypoalbuminemia and PTLD morphology are also included in the survival analysis.

1
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In chapter 7, we include a cohort of 71 patients with classical Hodgkin lymphoma (cHL) 
to determine the incidence of necrosisvisual in cHL, evaluate its correlation with semi-
quantitative [18F]FDG PET/CT (SUVmax, SUVpeak, SUVmean, MTV and TLG) and explore 
the prognostic impact of these factors on progression free survival and overall survival. 
 
Chapter 8 is the first chapter of Part II, in which we focus on promising new de-
velopments. In this chapter, we evaluate whether machine learning analysis of 
radiomic features from clinical baseline [18F]FDG PET/CT can discriminate bet-
ween follicular lymphoma and DLBCL tumor lesions. Analysis of radiomic fea-
tures is performed with machine learning classifiers based on logistic regres-
sion and tree-based ensemble classifiers (AdaBoosting, Gradient Boosting and 
XG Boosting) and compared with a SUVmax based logistic regression model. 
 
In chapter 9, we review 306 studies on non-[18F]FDG molecular imaging in lym-
phoma. We examine the contribution of molecular imaging to the understanding of 
the biology of lymphoma and discuss potential implications for the diagnostics and 
therapy of this disease. We provide a brief summary on the history of molecular 
imaging in lymphoma, summarize the literature on different molecular targets for 
molecular imaging of lymphoma, identify ongoing trials and provide suggestions 
for potential targets and future application of molecular imaging.

Chapter 10 is part of an ongoing multicenter, prospective trial to assess the fea-
sibility of cfDNA in the diagnosis of PTLD and how its diagnostic accuracy com-
pares to [18F]FDG PET/CT. In this initial study, we explore the feasibility of plasma 
cfDNA tumor genotyping with low coverage whole genome sequencing to detect 
copy number aberrations and targeted sequencing to detect EBV DNA in 18 pa-
tients diagnosed with monomorphic PTLD.

Finally, Chapter 11 serves a general discussion of the thesis. It summarizes the 
current status of [18F]FDG PET/CT in the diagnosis and management of PTLD. It 
assesses the role of [18F]FDG PET/CT semiquantification and radiomics, providing 
an overview of its applications and limitations. Finally, we focus on the future role 
of PET/CT, PET/MRI and promising new diagnostic approaches in patients with 
PTLD.
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