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3 Zusammenfassung 

Zusammenfassung  

 

Etwa 30% der Non-Hodgkin-Lymphome und 1% der Hodgkin-Lymphome weisen einen 

extranodalen Befall auf, entweder als Primärmanifestation oder sekundär im Rahmen einer 

hämatogenen Ausbreitung, ausgehend von einer nodalen oder anderen extranodalen 

Lokalisation. Extranodale Lymphome (ENL) können jedes Organ betreffen, die häufigsten 

Entstehungsorte sind jedoch der Magen-Darm-Trakt (43%) und die Kopf-Hals-Region (14%) 

(Reginelli et al. 2020). Neben dem histopathologischen Subtyp wurde auch die Lokalisation 

eines ENL als prognostischer Marker beschrieben. Zum Beispiel sind Hirn- und Hoden-

beteiligung im Allgemeinen mit einer schlechteren Prognose verbunden als andere ENL-

Lokalisationen. Die organabhängige Prognose von ENL impliziert, dass für diese Entitäten 

unterschiedliche Behandlungsansätze erforderlich sein könnten (Vannata und Zucca 2015). 

Das primäre Nebennierenlymphom (PAL) ist ein seltenes ENL, mit nicht mehr als 300 in 

PubMed auffindbaren Fällen. Um das klinische Spektrum von PAL besser zu verstehen, haben 

wir Entlassungsbriefe, Laborergebnisse, Pathologieberichte sowie radiologische Bilder und 

Befunde aus 14 Zentren in den USA, Europa und Kanada gesammelt und ausgewertet. Neben 

einer möglichst umfassenden Beschreibung der klinischen Merkmale zeigen wir Defizite in der 

Diagnose und Behandlung von PAL auf, in der Hoffnung, damit zur verbesserten zukünftigen 

Behandlung dieser seltenen Entität beizutragen. 

Unsere retrospektive Analyse von 97 Patienten aus 14 Zentren ist die bisher größte 

Untersuchung zu PAL. Wir konnten erstmals zeigen, dass es sich bei PAL um eine heterogene 

Erkrankung handelt, die sowohl Fälle mit isolierter Beteiligung des Nebennierengewebes 

(iPAL) als auch Fälle mit zusätzlichen extraadrenalen Organmanifestationen (PAL+) umfasst. 

Bei Patienten mit iPAL fanden wir unerwartet ein häufigeres Vorkommen bei Frauen, weniger 

B-Symptome und ein signifikant schlechteres klinisches Ergebnis als bei Patienten mit 

Beteiligung zusätzlicher extraadrenaler Lokalisationen. Dies sollte Anlass zu weiteren 

Untersuchungen sein, um festzustellen, ob die klinische Unterscheidung zwischen iPAL und 

PAL+ sich durch Unterschiede in der Molekularbiologie dieser Lymphome bestätigen lässt. 
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4 Summary 

Summary 

 

About 30% of Non-Hodgkin lymphomas and 1% of HLs involve extranodal sites, either 

primarily or secondary to hemotogenous spread from another nodal or extranodal location. 

Extranodal lymphomas (ENL) can originate from any organ, but the most common sites of 

origin are the gastrointestinal tract (43%) and the head and neck region (14%) (Reginelli et al. 

2020). In addition to its histopathologic subtype, the location of an ENL has also been 

described as a prognostic marker. For example, brain and testicular involvement are generally 

associated with a worse prognosis than other locations of ENL. The site-dependent prognosis 

of ENLs implies that site-adapted treatment approaches may be necessary for these entities 

(Vannata and Zucca 2015).   

Primary adrenal lymphoma (PAL) is a rare ENL with no more than 300 reported cases in 

PubMed. In order to improve our knowledge of the clinical spectrum of PAL, we collected 

information from discharge letters, laboratory results, pathology reports, and radiology 

reports and images from 14 centers across the USA, Europe, and Canada. Besides aiming at a 

more comprehensive description of clinical features, we tried to identify current deficits in the 

diagnosis and treatment of PAL, in the hope of facilitating future improvements in the 

management of this rare entity. 

Our retrospective analysis of 97 patients from fourteen centers is the largest analysis of PAL 

so far. We showed for the first time that PAL is a heterogeneous disease, which comprises 

cases with isolated involvement of adrenal tissue (iPAL) and cases with additional extra-

adrenal organ manifestations (PAL+). Unexpectedly, patients with iPAL showed an unusual 

male/female ratio, less B symptoms and significantly worse clinical outcome than those with 

involvement of additional, extra-adrenal sites. This finding should stimulate further 

investigation to see whether the clinical distinction between iPAL and PAL+ is corroborated by 

differences in molecular biology. 
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5 Abbreviations 

Abbreviations 

 
ABC activated B-cell  

ABC-DLBCL activated B-cell like diffuse large B-cell lymphoma  

ACTH adrenocorticotropic hormone 

AI adrenal insufficiency  

AITL angioimmunoblastic T-cell lymphoma 

ALCL anaplastic large cell lymphoma 

ALK anaplastic lymphoma kinase 

allo-SCT allogeneic stem cell transplantation 

ATLL adult T-cell leukemia/lymphoma 

auto-SCT autologous stem cell transplantation 

BCL2 B-cell lymphoma 2 

BCL6 B-cell lymphoma 6 

BL Burkitt lymphoma 

BTK Bruton tyrosine kinase  

CAR-T-cell chimeric antigen receptor T-cell  

CD20 cluster of differentiation 20 

CD79B cluster of differentiation 79B 

CDKN2A cyclin-dependent kinase inhibitor 2A 

cHL classical Hodgkin lymphoma  

CLP common lymphocyte progenitor 

CT computer tomography 

DEL double expressing lymphoma 

DHL double hit lymphoma 

DLBCL diffuse large B-cell lymphoma 

DN double negative 

DP double positive 

EMA European Medicines Agency 

ENKTCL extranodal NK/T-cell lymphoma 

ENL extranodal lymphoma 

ENSAT European network for the study of adrenal tumors  

ETV6 E-26 transforming variant 6 
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6 Abbreviations 

FDA Food and Drug Administration 

FDG fluorodeoxyglucose 

FL follicular lymphoma 

GC germinal center 

HGBL high grade B-cell lymphoma 

HL Hodgkin lymphoma 

HSC hematopoietic stem cell 

iPAL isolated primary adrenal lymphoma 

JAK Janus kinase 

mAB monoclonal antibody  

MALT mucosa-associated lymphoid tissue  

MCL mantle cell lymphoma 

MHC major histocompatibility complex 

MMAE monomethyl auristatin E  

MYC myelocytomatosis 

MYD88 myeloid differentiation primary response 88 

NFKBIZ NF-κB inhibitor zeta 

NF-κB nuclear factor kappa light chain enhancer of activated B cells 

NHL non-Hodgkin lymphoma 

NK natural killer 

NKT natural killer T cell 

NOTCH neurogenic locus notch homolog protein  

PAI primary adrenal insufficiency  

PAL primary adrenal lymphoma 

PAL+ primary adrenal lymphoma with extraadrenal manifestation 

PCNL primary central nervous lymphoma  

PD-L1 programmed death-ligand 1 

PD-L2 programmed death-ligand 2 

PET positron emission tomography 

PI3K phosphoinositide-3-kinase  

PIM1 proviral integration site for Moloney murine leukemia virus 1 

PMBL primary mediastinal B-cell lymphoma 

PTCL-NOS peripheral T-cell lymphoma, not otherwise specified 
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PTL primary testicular lymphoma  

R-CHOP Rituximab + cyclophosphamide + hydroxydaunorubicin (doxorubicin) + Oncovin (vincristine) 
+ prednisolone 

R-EPOCH Rituximab + etoposide + prednisolone + Oncovin (vincristine) + cyclophosphamide + 
hydroxydaunorubicin (doxorubicin) 

SAI secondary adrenal insufficiency  

SKY spleen tyrosine kinase  

SMZL splenic marginal zone lymphoma  

STAT signal transducer and activator of transcription 

TAI tertiary adrenal insufficiency  

TCR T-cell receptor 

TFH T follicular helper cell 

Th cell T helper cell 

Treg cell regulatory T cell 

UPP ubiquitin proteasome pathway  
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9 Introduction 

Introduction 
 

Lymphoma 
Lymphomas, the seventh most common malignancies worldwide, comprise a heterogeneous 

group of malignant disorders of the immune system that show overlapping clinical and 

molecular features. Age, male gender, environmental exposure to pesticides, infections, 

immunosuppression, autoimmune diseases, radiation, smoking, and a familial predisposition 

are factors increasing the risk of lymphoma (Lewis, Lilly, and Jones 2020). The accumulation 

of genetic lesions, such as chromosomal rearrangements and somatic mutations, which can 

affect proto-oncogenes and tumor-suppressor genes during the developmental process of 

lymphocytes, as well as chronic antigenic stimulation through a self-antigen or an invading 

pathogen, can play important roles in lymphomagenesis (Malcolm et al. 2016).    

Hodgkin vs non-Hodgkin lymphoma 
Malignant lymphomas are traditionally classified as Hodgkin (HL) and non-Hodgkin lymphoma 

(NHL).  HL is a rare lymphatic neoplasm in the general population but one of the most common 

cancers in young adults (Momotow et al. 2021). HL is a B-cell malignancy characterized by the 

formation of Reed-Sternberg cells (Figure 1), which are giant multinucleated cells with 

prominent nucleoli. The affected lymph nodes usually show a pronounced secondary 

accumulation of a variety of reactive inflammatory cells (Piccaluga et al. 2011). 

 

 

 

 

 

 

 
 

 

Figure 1:  Adopted from: https://visuals.nci.nih.gov/details.cfm?imageid=7172 
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10 Introduction 

Non-Hodgkin lymphomas are the most common hematological malignancies. They derive 

from clonal expansion of B, T or NK cells and their precursors. Gene expression profiling and 

next generation DNA sequencing revealed biomarkers that support risk stratification and 

helped to develop new therapeutic strategies. A summary of the most important genomic 

alterations in lymphomas of B-cell, T-cell and NK-cell origin is given in Figures 2 and 3.  

B-cell origin of lymphoma 
B-cell development starts in the bone marrow. Naïve B-cells become activated after 

encountering a matching antigen and then develop transient structures within lymph node 

follicles, called germinal centers (GC). GC B-cells carry an elevated risk for developing 

malignancies due to attenuation of DNA repair and low activity of cell proliferation 

checkpoints. Follicular lymphoma (FL), Burkitt lymphoma (BL) and GC B-cell like diffuse large 

B-cell lymphoma (GCB-DLBCL) arise in germinal centers, whereas activated B-cell like diffuse 

large B-cell lymphoma (ABC-DLBCL), primary mediastinal B-cell lymphoma (PMBL) and 

classical Hodgkin lymphoma (cHL) originate from post-GC B cells. Mantle cell lymphoma (MCL) 

is derived from the mantle zone of lymph nodes (Sun, Medeiros, and Young 2016; Malcolm et 

al. 2016; Mlynarczyk, Fontán, and Melnick 2019).  
 

a 

Figure 2. Graphic representation of origins and biomarkers of B-cell lymphomas 
(adopted from Raifang Sun et al, 2016- Modern Pathology.  
Abbreviations: ABC-DLBCL, activated B-cell-DLBCL; BL, Burkitt lymphoma; cHL, classical Hodgkin lymphoma; 
FDC, follicular dendritic cell; FL, follicular lymphoma; GCB-DLBCL, GC B-cell-like diffuse large B-cell lymphoma; 
MCL, mantle cell lymphoma; PMBCL, primary mediastinal B-cell lymphoma; TFH, T follicular helper cell. 
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T-cell and NK-cell origin of lymphoma 

T lymphocytes are produced from differentiation of common lymphocyte progenitors (CLPs) 

in the bone marrow and migrate to the thymus for further development after undergoing 

positive and negative selection based on expression of relevant surface markers (Figure 

3)(Sun, Medeiros, and Young 2016). T-cells surviving the selection process will differentiate 

into subsets including cytotoxic or helper (Th) T-cells, regulatory T-cells (Treg) and natural 

killer T-cells (NKT). T-cell and NK-cell lymphomas result from malignant transformation of 

tissue resident T-cells and tend to manifest mostly in extra-nodal sites (de Leval and Gaulard 

2014; Jones et al. 2021).    

 

 
 
Figure 3. Schematic representation of origins and biomarkers of T-cell lymphomas  
(adopted from Raifang Sun et al, 2016, Modern Pathology).  
Abbreviations: ALCL, anaplastic large cell lymphoma; AITL, angioimmunoblastic T-cell lymphoma; ALK, 
anaplastic lymphoma kinase; ATLL, adult T-cell leukemia/lymphoma; CLP, common lymphoid progenitors; DN, 
double negative; DP, double positive; ENKTCL, extranodal NK/T-cell lymphoma; HSC, hematopoietic stem cell; 
NK, natural killer; NKT, natural killer T-cell; PTCL-NOS, peripheral T-cell lymphoma, not otherwise specified. 
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Clinical manifestation of lymphoma  

Depending on the type and stage of the disease, lymphomas show a wide spectrum of clinical 

presentations, ranging from asymptomatic enlarged lymph nodes to marked general 

symptoms such as fever, drenching night sweats, weight loss, pruritus, and fatigue. High-grade 

lymphomas can even lead to oncological emergencies like superior vena cava syndrome or 

spinal cord compression due to large tumors. In rare cases, lymphoma can present with a 

paraneoplastic syndrome (Armitage et al. 2017; Lewis, Lilly, and Jones 2020).  

Diagnosis 
Diagnosis of lymphoma is based on cytomorphology, histopathology and flow cytometric 

analysis of suspicious lymph node or extranodal tissue provided by incisional or excisional 

biopsy. Material acquired by fine needle biopsy is usually not adequate for reliable and precise 

diagnosis of lymphoma. Additional molecular genetic analysis is useful for the diagnosis of 

specific lymphoma entities, whose identification may generate therapeutic consequences. An 

example is “double hit” DLBCL with concomitant MYC and/or BCL2 and/or BCL6 

rearrangement, which has a very poor prognosis in comparison with other DLBCL subtypes. 

The location and extent of the disease should be assessed using state-of-the-art imaging 

techniques. Current guidelines recommend PET-CT for staging and pretreatment evaluation 

of lymphoma subtypes showing high avidity for FDG, including all histological types except 

chronic lymphocytic leukemia/small lymphocytic lymphoma, lymphoplasmacytic lymphoma, 

marginal zone lymphoma, and mycosis fungoides. (Cheson et al. 2014; Munakata et al. 2019). 

In contrast to previous belief, it is now well established that FDG avidity significantly depends 

on the histopathological lymphoma subtype. Nevertheless, in a cohort of 766 lymphoma 

patients with different histopathological subtypes, Weiler-Sagie et al. showed that most of the 

lymphoma subtypes are FDG-avid (Table 1) (Weiler-Sagie et al. 2010).   
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13 Introduction 

 

 

Table 1: 18F-FDG avidity of lymphoma according to the World Health Organization 
histopathologic classification (adopted from Weiler-Sagie et al, 2010, JNUMED) 
 

Staging 
A universally accepted staging system that reflects the location and extent of lymphoma, 

yields prognostic information, and provides a baseline for subsequent treatment monitoring 

is critical for standardized, high-quality management of patients. The Ann Arbor staging was 

the first globally accepted staging system for lymphomas, which was actually designed for 

Hodgkin lymphoma but was also widely used for the staging of non-Hodgkin lymphomas, 

despite the fact that the spreading pattern differs significantly between both types of 

lymphoma. In 2014, the Ann Arbor system was modified and the new Lugano classification 

has now become the standard staging system for lymphoma. The most important difference 

between the two systems is that the Lugano classification includes PET as a standard imaging 

technique for FDG-avid lymphomas. PET facilitates not only the assessment of lymph node 

involvement but also augments the evaluation of other organ involvement, including spleen 

and liver, and further eliminates the requirement of bone marrow biopsy for the routine 

staging of HL and most DLBCL (Munakata et al. 2019).  
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Table 2. Lugano Classification of Lymphoma (adopted from Chosen et al, 2014, JCO) 

 
 
Treatment modalities 
Lymphoma treatment comprises a wide range of options, including ‘watch-and-wait’ in 

asymptomatic indolent limited-stage lymphoma, treatment of a predisposing condition like H-

pylori infection in mucosa-associated lymphoid tissue (MALT) lymphoma or hepatitis C 

infection in marginal zone lymphoma, as well as prompt immuno-chemotherapy and/or 

radiotherapy in aggressive fast growing lymphoma. Surgery may be indicated in rare 

conditions like splenic marginal zone lymphoma (SMZL).  

Doxorubicin containing chemotherapy regimens, some of which are listed in Table 3, 

significantly improved the outcome of patients with both Hodgkin and non-Hodgkin 

lymphoma (Lewis, Lilly, and Jones 2020). However, despite many attempts, further 

advancement of lymphoma treatment was not achievable though modification of 

conventional chemotherapy.  
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Table 3: Common chemotherapy regimens in lymphoma 
   (adopted from Lewis et al, 2016, AFP) 
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Targeted therapy 
The development of monoclonal antibodies (mAbs) against cell surface antigens on lymphatic 

cells has revolutionized the treatment of lymphomas. Such antibodies can be unconjugated or 

drug-conjugated. The first game changing agent was rituximab, an anti-CD20 antibody widely 

used in the treatment of B-cell lymphoma. Another effective drug is Brentuximab-Vedotin, an 

antibody-drug conjugate that combines an anti-CD30 antibody with the drug monomethyl 

auristatin E (MMAE). This agent has significantly improved the outcome of both Hodgkin 

lymphoma and anaplastic large T-cell lymphoma. Developing mAbs against accessible surface 

antigens is a very dynamic research field that has yielded several drug approvals by the FDA 

and EMA (Wang et al. 2020).  

Certain signaling pathways play a significant role in lymphoma progression and have thus 

attracted attention in the field of targeted therapy. The most important ones include spleen 

tyrosine kinase (SYK), Bruton tyrosine kinase (BTK), Janus kinase transducer and activator of 

transcription (JAK-STAT), NOTCH, NF-κB, the ubiquitin proteasome pathway (UPP) and the 

phosphoinositide-3-kinase (PI3K) pathway, as shown in figure 4 (Wang et al. 2020).  Numerous 

clinical trials have evaluated the efficacy of inhibition of these pathways. Meanwhile, the BTK 

inhibitor ibrutinib, for example, is among the most important agents approved for the 

treatment of lymphoma. 

 

Figure 4. Signaling pathways responsible for lymphoma development 
(adopted from Wang et al, 2020, Journal of Signal Transduction and Targeted Therapy) 
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Stem cell transplantation  
Both autologous and allogenic stem cell transplantations (auto-SCT & allo-SCT) are effective 

consolidation therapies in relapsed or refractory lymphoma, and are capable of improving 

disease control as well as overall survival. Allo-SCT has the advantage of lacking any lymphoma 

cell contamination of the graft, and also offers the chance of harnessing a graft-versus-tumor 

effect (Ladetto et al. 2008; Sureda et al. 2018) .  

CAR-T cell therapy 
Among the evolving immunology-based treatment strategies of hematological malignancies, 

chimeric antigen receptor T-cell (CAR-T-cell) therapy is considered a real breakthrough and 

has attracted much attention in the field of lymphoma treatment. The CAR molecule has a 

hybrid structure consisting of two parts: 1) an extracellular domain based on a monoclonal 

antibody-like structure with the capability of surface antigen recognition on tumor cells in an 

MHC-independent manner, and 2) an intracellular part based on a T-cell receptor-like 

structure. After transfecting CAR-encoding viral vectors into T-cells isolated from patients, the 

genetically modified T-cells are expanded and finally injected into the patient (Roex et al. 

2020), where they can attack lymphoma cells, for instance by binding to the CD20 antigen on 

the surface of B-cells. 

 
Figure 5. Normal vs CAR-T-cell 
(adopted from: https://premier-research.com/a-brief-introduction-to-car-t-cell-therapy) 
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Aim of the study 

Primary adrenal lymphoma is a rare lymphoid malignancy with poor prognosis. With fewer 

than 300 cases reported in the medical literature, data about clinical features and prognosis 

is limited, and there is no standardized diagnostic and treatment approach. Physicians 

confronted with a PAL patient usually have no previous experience with this disorder and may 

find it difficult to make the right decisions. Collecting and analyzing data from 14 centers 

worldwide, we aimed to refine the current understanding of the clinical features and 

prognosis of PAL and to identify current deficits in the management of this rare disease.  

The retrospective analysis was approved by the Ethics Committee of the Medical Faculty of 

Heinrich Heine University (approval nr. 3027).  
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29 Discussion 

Discussion 
Extra-nodal lymphomas (ENLs) are characterized by infiltration of malignant lymphocytes into 

organs other than lymph nodes. They are designated as primary ENL if they originate from a 

non-lymphoid organ, whereas secondary ENLs result from hematogenous spread of malignant 

lymphoid cells from a nodal origin into a non-lymphoid organ (Das et al. 2014). ENLs involving 

the gastrointestinal tract, central nervous system (CNS), lung, liver, spleen and bone are well 

described (Das et al. 2014). Primary adrenal lymphoma (PAL) is a rarely documented 

lymphoma type with a poor prognosis. Considering the absence of commonly agreed 

diagnostic criteria or a useful staging system, the lack of treatment studies, and the 

inadequate awareness regarding endocrinological complications, there is no doubt that PAL 

qualifies as an “orphan disease”.  

In order to gain more insight into the clinical spectrum of PAL, we embarked on an 

international multicenter analysis and collected 97 cases from Europe, Canada and the USA 

(Majidi et al. 2020). This is the second largest cohort of PAL patients ever reported. Only Li et 

al in China assembled more cases, compiling clinical data on 136 PAL patients. (Li et al. 2019). 

Compared with the investigation by Li et al, we tried to consider both oncological and 

endocrinological features of PAL, enabling us to recognize more comprehensively the current 

deficits in the management of this rare disease. Another advantage of our study is that all 

patients were collected from either a tertiary center of endocrine oncology or a center 

affiliated with the European network for the study of adrenal tumors (ENSAT), suggesting that 

we are dealing with accurate diagnoses. Nevertheless, as expected in a multicenter study of 

an orphan disease, we encountered challenges due to the heterogeneity of diagnostic and 

therapeutic approaches. 

 
Deficits in the management of primary adrenal lymphoma 
Patients with diagnosis of PAL may not only suffer from lymphoma-related symptoms, but in 

case of bilateral involvement can also present with life-threatening adrenal insufficiency 

(Majidi et al. 2020). Therefore, proper clinical management of PAL requires a multidisciplinary 

approach involving pathologists, oncologists, endocrinologists, and experts in the field of 

radiology and nuclear medicine. Based on our findings, we categorize the diagnostic and 

therapeutic pitfalls of PAL management as follows: 
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1. Inadequate endocrinological work-up:  

Since cortisone was discovered seventy years ago, adrenal insufficiency (AI) has become a 

treatable condition. However, AI can still be fatal, due to diagnostic errors and delayed 

treatment (Puar et al. 2016). Therefore, the neglect and/or underestimation of AI we observed 

in our study raises concerns as to the proper clinical management of PAL. The following 

endocrinological aspects should be taken into consideration during PAL treatment. 

AI is characterised by inadequate production of glucocorticoids, mineralocorticoids and 

adrenal androgens. Based on the cause of adrenal hypofunction, three types of AI have been 

defined: 1) Primary adrenal insufficiency (PAI), due to destroyed or damaged adrenal tissue. 

Causes of primary AI are summarized in table 4. 2) Secondary adrenal insufficiency (SAI), due 

to pituitary damage. 3) Tertiary adrenal insufficiency (TAI), caused by damage to the 

hypothalamic region or suppression of hypothalamic activity. 

In PAL with bilateral involvement, massive infiltration of both adrenal glands with malignant 

lymphatic cells can cause PAI. However, TAI can also occur, due to lymphoma treatment with 

corticosteroids (Hahner et al. 2021). It has been shown that neither duration nor dose nor 

type of administration of corticosteroid therapy correlate with the probability of developing 

TAI (Broersen et al. 2015). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 4: Causes of primary adrenal insufficiency 
(adopted from Hahner et al, Nature Reviews 2021) 
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Once AI is suspected, both morning serum cortisol and plasma ACTH should be measured. 

Combined morning cortisol <140 nmol/l (5 μg/dl) and ACTH higher than twice the upper limit 

of normal confirms the diagnosis of PAI. However, cortisol levels ≥140 nmol/l (5μg/dl) cannot 

exclude PAI. An ACTH stimulation test, using 250 μg synthetic ACTH, is considered the gold 

standard in the diagnosis of AI. A serum cortisol <450 nmol/l 30 min. after ACTH stimulation, 

or less than 500 nmol/l 60 min. after ACTH stimulation, confirms the diagnosis of PAI (Hahner 

et al. 2021). In our study, we repeatedly noted that AI was erroneously ruled out on the basis 

of a cortisol level ≥140nmol/l. 

Clinical practice guidelines recommend replacement therapy with 15-25 mg hydrocortisone 

daily and, in case of aldosterone deficiency, 50-100 μg fludrocortisone daily for treating AI 

(Bornstein et al. 2016). It seems that the corticosteroid requirement of a patient with PAL is 

fully covered by the steroid component of most lymphoma protocols during the first days of 

treatment. For instance, a patient with PAL receiving immuno-chemotherapy according to the 

R-CHOP protocol will receive 100 mg prednisolone on days 1-5, which is more than adequate 

to treat AI (see table 5.) However, in case of undiagnosed AI, this patient may run into 

problems after day 5. This is particularly worrisome if PAI due to lymphomatous destruction 

of adrenal tissue is accompanied by TAI due to hypothalamus-pituitary-adrenal (HPA) axis 

suppression as a consequence of preceding high-dose corticosteroid therapy. 

 
Table 5: Relative potencies of steroids 
adopted from https://basicmedicalkey.com/adrenal-corticosteroids-antagonists-corticotropin/ 
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2. Lack of standardized Imaging and staging criteria  

Except for two PAL patients with a marginal zone lymphoma subtype, 95/97 (97%) of the cases 

in our study are regarded as FDG-avid lymphomas. Current guidelines recommend the use of 

FDG-PET scanning for the staging and assessment of treatment response in such lymphomas. 

However, in our retrospective study, PET-CT was only applied in 18/81 patients with available 

radiological findings. We acknowledge that our results regarding treatment response and 

survival may have been slightly different if PET-CT had been used as standard imaging 

technique, and if the modern Lugano instead of conventional RECIST response criteria had 

been applied (Table 6).  

For example, a patient with FDG-avid PAL whose CT scan after chemotherapy shows a >50% 

reduction in the perpendicular diameter of an adrenal mass will be regarded as having a partial 

response according to conventional criteria. However, according to the PET-CT-based Lugano 

criteria, the same condition can be classified as a complete response if the FDG uptake, 

assessed by a 5-point-score, is in the range of 1-3.  

 

Table 6. Adopted from Vitor Vita Ricci, Radiopaedia.org, rID: 45845 
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3. Lack of systematic molecular pathology study 

In accordance with other ENLs such as primary central nervous lymphoma (PCNL) and primary 

testicular lymphoma (PTL), DLBCL was the most common histopathological subtype in our PAL 

cohort. As expected in a multicenter retrospective study, there was considerable inter-

institutional heterogeneity regarding molecular pathological diagnostics. However, a general 

finding was that certain molecular tests like those ruling out double hit lymphoma were 

missing in most of the patients, despite their therapeutic relevance.  

Double hit / double expressing lymphomas (DHL/DEL) are an aggressive variant of B-cell 

lymphoma with poor prognosis, characterized by genetic aberrations in MYC, BCL2 and/or 

BCL6 genes or an alteration of the respective protein expression. These lymphomas have a 

tendency for extranodal manifestation. DHLs are predominantly of the germinal center B-cell 

(GCB) subtype, whereas DELs can belong to the GCB or the activated B-cell (ABC) subtype 

(Figure 6). DHL/DEL comprise about 15% of DLBCLs and 75% of Burkitt lymphomas (BL). 

According to the WHO 2016 classification of lymphomas, DHL/DEL cases are called “high grade 

B-cell lymphoma (HGBL) with rearrangements of MYC and BCL2 and/or BCL6”. It has been 

shown that patients with DHL/DEL who fail to respond to first-line therapy rarely achieve 

disease control with subsequent standard therapies and are thus candidates for participation 

in clinical trials. Therefore, testing for DHL/DEL at diagnosis is recommended for all DLBCLs 

and BLs because patients with a DHL/DEL should be treated according to an intensified 

immuno-chemotherapy protocol (dose-adjusted R-EPOCH) instead of receiving the standard 

R-CHOP regimen as first line therapy. Furthermore, patients with DHL/DEL are at increased 

risk of developing CNS involvement, and should thus have a high-dose methotrexate 

component in their treatment regimen (Landsburg and Schuster 2016; Friedberg 2017; 

Rosenthal and Younes 2017). Our retrospective study showed that, due to lack of molecular 

analyses, such oncological reasoning was not applicable to the PAL patients under 

consideration. 
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Figure 6: Cell of origin in double hit and double expressing lymphomas 
(adopted from Rosenthal & Younes , Blood Rev, 2017) 

   



 

35 
 

35 Concluding remarks and future perspective 

Concluding remarks and future perspective 

We showed for the first time that PAL is a heterogeneous disease with two subtypes including 

isolated primary adrenal lymphoma (iPAL) and primary adrenal lymphoma with additional 

extra-adrenal manifestations (PAL+). Unexpectedly, iPAL showed an unusual preponderance 

for females, less B-symptoms and significantly worse clinical outcome (Majidi et al. 2020). We 

acknowledge that due to the retrospective nature of our study and the limitations regarding 

standardized diagnosis and treatment, our distinction between iPAL and PAL+ should be 

confirmed by analyzing independent patient cohorts in the future. The current management 

of PAL leaves room for improvement. We should like to emphasize the importance of careful 

endocrine assessment and multidisciplinary care when treating patients with this rare disease.  

Our study confirmed that the histopathological subtype in the majority of PAL cases (76%) is 

DLBCL. The result of three whole exome sequencing projects revealed that DLBCL in turn 

consists of several prognostically relevant clusters, which are summarized in Table 7 (Chapuy 

et al. 2018; Schmitz et al. 2018; Lacy et al. 2020). Chapuy et al. also evaluated the genetic 

landscape of three primary extranodal lymphomas, including primary testicular lymphoma 

(PTL), primary central nervous system lymphoma (PCNSL), and primary mediastinal B cell 

lymphoma (PMBL). They compared these entities with nodal DLBCL and identified unique 

combinations of genetic features in discrete DLBCL subtypes. PTLs and PCNLs showed more 

pronounced genomic instability in comparison to nodal DLBCL and PMBL. In addition, there 

was frequent biallelic loss of CDKN2A, frequent MYD88 mutations, frequent NFKBIZ 

amplification indicating oncogenic Toll-like receptor signaling, and more frequent 

deregulation of BCL6. Furthermore, PCNSLs, PTLs, and PMBLs exhibited genetic alterations 

and overexpression of PD-L1 and PD-L2, whereas nodal DLBCLs rarely showed these features 

(Chapuy et al. 2016). According to all these studies, mutations of MYD88 and CD79B play a 

substantial role in lymphomagenesis with extra-nodal manifestation and lead to poor 

prognosis. The studies performed on more common types of lymphoma have provided great 

reference datasets, which can help to better characterize the mutational landscape of PAL. 

Chen et al evaluated the frequency of MYD88 and CD79B in 29 PAL patients with a DLBCL 

subtype, of which 24% showed a MYD88 mutation and 52% harbored a CD79B mutation (Chen 

et al. 2020). These findings need to be confirmed in a larger cohort with an expanded panel 

including the PIM, ETV and CDKN2A genes, which are of clinical relevance in ENLs. 
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 Lacy et al.  Chapuy et al.     Schmitz et al.  
 2020   2018      2018 

 
Table 7.  Comparison of main genetic clusters in DLBCL 
(adopted and modified from Lacy et al, Blood 2020) 
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Sophisticated molecular characterization of PAL biopsies, careful lymphoma staging using PET-

CT, identification of prognostic biomarkers, and development of a suitable staging system for 

PAL will contribute to improved oncological management of patients with PAL and will also 

help to determine whether our distinction between iPAL and PAL+ is of sustained clinical 

relevance. In order to optimize the clinical care of patients with PAL, it is also necessary to 

remedy the current defects in endocrinological assessment and provide adequate 

corticosteroid replacement therapy if needed. Good clinical management of PAL requires a 

truly multidisciplinary effort. 
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